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(57) Abstract: A method for chemical mechanical polishing includes rotating a polishing pad about an axis of rotation, positioning a
substrate against the polishing pad, dispensing a polishing liquid onto the polishing pad, and oscillating the substrate laterally across
the polishing pad. The polishing pad has a polishing-rate adjustment groove that is concentric with the axis of rotation, and a coolant,
a dilutant, or both, is dispensed into the polishing-rate adjustment groove such that a polishing rate is reduced in an annular zone of the
polishing pad that is positioned radially inward of the polishing-rate adjustment groove. The annular zone surrounds a central zone of
the polishing pad in which a polishing rate is not substantially affected by the coolant, dilutant, or both.
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GROOVES FOR EDGE AND HOT SPOT COMPENSATION IN
CHEMICAL MECHANICAL POLISHING

TECHNICAL FIELD

The present disclosure relates to chemical mechanical polishing of substrates.

BACKGROUND

An integrated circuit is typically formed on a substrate by the sequential
deposition of conductive, semiconductive, or msulative lavers on a silicon wafer. One
fabrication step mvolves depositing a filler layer over a non-planar surface and
planarizing the filler layer. For certain apphications, the filler layer 1s planarized until the
top surface of a patterned layer 15 exposed. A conductive filler fayer, for example, ¢an be
deposited on a patterned msulative laver to fill the trenches or holes in the msulative
laver. After plananzation, the portions of the conductive laver remaining between the
raised pattem of the insulative laver form vias, plugs, and lines that provide conductive
paths between thin film circutls on the substrate. For other applications, such as oxide
polishing, the filler layer s plananized untll a predetermined thickness is left over the non-
planar surface. In addition, plananization of the substrate swrface is usually required for
photolithography.

Chemical mechanical polishung (CMP) 15 one accepted method of plavarization.
This planarization method typically requires that the substrate be mounted on a carrier or
polishing head. The exposed surface of the subsiraie is typically placed againsi a rotating
polishing pad. The carrier head provides a controliable load on the substrate to push it
againgt the polishing pad. An abrasive polishing slurry is typically supplied to the surface
of the polishing pad.

One 1ssue in polishing s non-uniformity in the polishing rate across the subsirate.
For example, the edge portion of a substrate can polish at a higher relative to the ceniral

portion of the substrate.

SUMMARY
in one aspect a method for chemical mechanical polishing includes rotating a
polishing pad about an axis of rotation, postlioning a substrate against the polishing pad,
dispensing a polishing liquid onto the polishing pad, and dispensing a coolant, a dilutant,
or both, into a polishing-rate adjustment groove that 1s concentric with the axis of rotation
such that a polishing rate is reduced in an annular zone of the polishing pad that is

i
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positioned radially inward of the polishing-rate adjusiment groove. The annular zone
surrounds a central zone of the polishing pad in which a polishing rate is not substantially
affected by the coolant, dilutant, or both. The subsirate is osciliated laterally across the
polishing pad such that for a first duration a central portion of the subsirate and an edge
S portion of the substrate are posttioned over the central zone of the polishing pad such that
the central portion of the subsirate and the edge portion of the substrate are polished for
the first duration by the ceniral zone of the polishing pad. and for a second duration
holding the central portion of the substrate is positioned over the central zone of the
polishing pad and an angularly extending section of the edge portion of the substrate is
1y postiioned over the annular zone such that the central portion of the subsirate is polished
for the second duration by the central zone of the polishing pad and the edge portion of
the substraie is polished for the second duration by both the central zone of the polishing
pad and the annular zone so as o reduce a polishung rate of the edge portion.
In another aspect, a polishing system includes a rotatable platen to support a
15 polishing pad that has a polishing-rate adjustment groove that is concentric with an axis
of rotation of the platen, a first dispenser to deliver a polishing hiquid onto the polishing
pad, a second dispenser to deliver a coolant, a dilutant, or both, into the polishing-rate
adjustment groove such that a polishing rate is reduced in an annular zone of the

polishing pad that is positioned radially inward of the polishing-rate adjustment groove,

20 where the annualar zone surrounds a central zone of the polishing pad in which a pohishing
rate 1s not substantially affected by the coolant, dilutant, or both, a carner head to hold a
substrate against the polishing pad, the carrier head laterally movable across the polishing
pad, an actuator o move the carrier head: and a controller coupled to the actuator. The
controller 18 configured 1o cause the actuator to oscillate the carmer head and subsirate

25 laterally across the polishing pad such that for a first duration cause the actuator to
position a central portion of the substrate and an edge poriion of the subsirate over the
central zone of the polishing pad such that the central portion of the substrate and the
edge portion of the substrate are polished for the first duration by the central zone of the
polishing pad, and for a second duration cause the actuator 1o position the central portion

3¢ of the substraie over the central zone of the polishing pad and an angularly extending

section of the edge portion of the subsiraie over the annular zone such that the central
portion of the substrate is polished for the second duration by the central zone of the

polishing pad and the edge portion of the subsirate is polished for the second duration by
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both the central zone of the polishing pad and the annular 7one so as to reduce a polishing
rate of the edge portion,

In another aspect a roethod for chemical mechanical polishing includes rotating a
polishing pad about an axis of rotation, positioning a substrate against the polishing pad,
dispensing a polishing liquid onto the polishing pad, and dispensing a coolant, a dilutant,
or both, ou the polishing pad at a position that 1s radially inward of but near a pohishing-
rate adjustment groove that 1s concentric with the axis of rotation such that a polishing
rate is reduced m an annular zone of the polishing pad that is positioned radially inward
of the polishing-rate adjustment groove. The anmular zone surrounds a central zone of the
polishing pad n which a polishing rate 15 not substantially affected by the coolant,
dilutant, or both. The polishing-rate adjusiment groove is wider than shurry distribution
arooves in the central portion of the polishing pad. The substrate is oscillated laterally
across the polishing pad such that for a first duration a central portion of the substrate
and an edge portion of the substrate are positioned over the central zone of the polishing
pad such that the central portion of the substrate and the edge portion of the substrate are
polished for the first duration by the central zone of the polishing pad, and for a second
duration holding the central portion of the substraie 1s posttioned over the central zone of
the polishing pad and an angularly extending section of the edge portion of the substrate
is positioned over the anmuar zone such that the central portion of the subsirate is
polished for the second duration by the central zone of the polishing pad and the edge
poriion of the substrate is polished for the second duration by both the central zone of the
polishing pad and the annular zone so as to reduce a polishing rate of the edge portion.

In another aspect, a polishing system includes a rotatable platen to support a
polishing pad that has a polishing-rate adjustioent groove that is concentric with an axis
of rotation of the platen, a first dispenser to deliver a polishung liquid onto the polishing
pad, a second dispenser to deliver a coolant, a dilutant, or both, onto the polishing pad at a
position that s radially inward of but near the polishing-rate adjustment groove such that
a polishing rate 1s reduced in an annular zone of the polishing pad that is positioned
radially inward of the polishing-rate adjustment groove, where the annular zone surrounds
a central zone of the polishing pad 1 which a polishing rate 1s not substantially affected
by the coolant, dilutant, or both, a carner head to hold a substrate against the polishing
pad, the carrier head laterally movable across the polishing pad, an actuator to move the
carrier head; and a controlier couplad to the actuator. The controlier is configured to

cause the actuator to osciliate the carrier head and substrate laterally across the polishing

3

3



10

[
Y

30

WO 2025/076216 PCT/US2024/049782

pad such that for a first duration cause the actuator to position a central portion of the
substrate and an edge portion of the substrate over the central zong of the polishing pad
such that the central portion of the substrate and the edge portion of the substrate are
polished for the first duration by the central zone of the polishing pad, and for a second
duration cause the actueator to position the central portion of the substrale over the central
zone of the polishung pad and an angularly extending section of the edge portion of the
substrate over the annular zone such that the central portion of the subsirate is polished
for the second duration by the central zone of the polishing pad and the edge portion of
the substrate 1s polished for the second duration by both the central zone of the polishing
pad and the anoular zoue so as to reduce a polishing rate of the edge portion.

implementations may optionally include, but are not linited to, one or more of the
following advaniages. Radial polishing non-umformuty, e.g., caused by different
polishing rates at different portions of the substrate, can be controlled and corrected. For
example, controlling the position of the substrate relative to a region of colder polishing
lignud, diluted polishing liquid, or sofier polishing pad, can provide edge-correction.
Additionally, there 13 a minimal impact o throughput because the adjustment to polishing
can be performed in the polishing station rather than as part of a separate module.
Polishing “hot spots,” e.g., limited angular regions of the edge of the substrate which are
overpolished, can be reduced.

The details of one or more tuplementations are set forth in the accompanying
drawings and the description below. Other aspects, features, and advantages will be

apparent from the description and drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGE

FIG. 1 is a schematic cross~-sectional view of a chemical mechanical polishing
svstem with a polishing pad having a polishing rate adjustroent groove.

F1G. 2A 15 a schematic top view of a polishing pad having a polishing rate
adjustment groove that 1s concentric with the axis of rotation.

FIG. 2B 15 a schematic cross-sectional view of a portion of the polishing pad of
F1G. 2A having both slurrv-supply grooves and the polishing rate adjustment groove.

Fi(z. 3 is an exemplary graph of substrate position on platen versus time.

FIG. 4A 15 a schemaltic top view of another implementation of a polishing pad
having ao inset buff pad region.

F1G. 4B 15 a schematic cross-sectional view of the polishing pad of FIG. 3A.

4
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FI(z. 5A is a schemaiic top view of another implementation of a polishing pad
having radial grooves.

F1G. 58 15 a schernatic cross-sectional view of the polishing pad of FIG. 3A.

FIG. 6 1s a bottom view of a retaining ring,

Like reference numbers and designations in the various drawings indicate like

elerpents.

DETAILED DESCRIPTION

As noted above, when a substrate is polished by a polishing pad, the edge portion
of the substrate can polish at a higher rate than a central portion of the substrate, resulting
in a non-uniformly polished subsirate. Moreover, polishing “hot spots,” e.g., himited
angular regions of the edge of the substrate which are overpolished, can occur.

However, several techniques can be used to reduce the polishing rate at the
substrate edge and/or reduce polishing hot spots. These technigques can be used
mdividually, or in combiation.

In one aspect, etther a cold liqund or a dilutant can be dispensed o a polishing
rate adjustment groove, and the subsirate can be positioned with the edge adjacent the
polishing rate adjustment groove. The old hiquid or dilutant can flow from the pohshing
rate adiustment groove under the edge portion of the subsirate, thus reducing the
polishing rate at the substrate edge.

In another aspect, an outer anmnular poriion of the polishing pad can be replaced by
a material that 1s softer and has a tower polishing rate than the polishung roaterial in the

entral portion of the polishing pad. The subsirate can be positioned with the edge over
this annular region to reduce the polishing rate at the substrate edge.

In vet another aspect, grooves can be laid on the polishing pad that will
preferentially chanuel the polishing liquad away from an outer anuular region of the
polishing pad. The subsirate can be positioned with the edge over this anmnular region to
reduce the polishing rate at the substrate edge.

Tu still another aspect, a retaining ting with a high density of slurry distnbution
channels can be used for polishing of a substrate that has a high edge polishing rate. The
shurry distribution channels can be configured to preferentially channel the polishing
ligquid away from the substrate. This can reduce the polishing rate at the sabstrate edge.

F1G. 1 illustrates an example of a polishing station of a chenucal roechanical
polishing system 20. The polishing svstem 20 includes a rotatable disk-shaped platen 24

<
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on which a polishing pad 30 is situated. The platen 24 is operable to rotate about an axis
25. For example, a motor 26 can tumn a drive shafl 28 to rotate the platen 24. The
polishing pad 30 can be a two-layer polishing pad with an outer polishing laver 32 and a
softer backing layer 34. The outer polishing layer 32 has a polishing surface 36

S A plurality of grooves 100 can be formed in the pohishing surface 36, In some
implementations, the plurality of grooves 100 include both a plurality of polishung hiqwid
distribution grooves 110 and a polishing rate adjustment groove 120, In some
implementations, the plurality of grooves 100 imclude just polishing ligpud distribution
grooves 110,

{0 The polishing hquid distribution grooves 110 can be annular grooves, e.g.,
circular grooves, and can be concentric with the center of the polishing pad 30, e.g., with
the axis of rotation 25, Alternatively, the polishing hguid distnbution grooves 110 can
have another pattern, e.g., rectangular cross~-hatch, fnangular cross-hatch, etc. The
polishing hiquid distribution grooves 110 can have a width between about 0.015 and 0.04

15 inches {(between 0.381 and 1.016 mmy), such as 020 inches, and a piich between abowt
(.09 and 0.24 inches, such as 0.12 inches. The polishing higuid distribution grooves
P 10can be uratormly spaced across the pohishing pad 30,

The polishing system 20 can mclude a supply arm or a combined supply-rinse arm
62 having a port 64 to dispense a polishing liqand 66, such as an abrasive slurry, onto the

20 polishing pad 30. The port ¢4 can be positioned near the axis of rotation 25 such that

centrifugal force carries the polishing liquid outward across the polishing surface 36,
The polishing system 20 can include a pad conditioner apparatus 40 with a
conditioning disk 42 to maintain the surface roughness of the polishing surface 36 of the

polishing pad 30. The conditionung disk 42 can be positioned at the end of an arm 44 that

S
LA

can swing so as to sweep the disk 42 radially across the polishing pad 30.

A carrier head 70 is operable to hold a substrate 10 against the polishing pad 30
The carner head 70 is suspended from a support struciure S0, ¢.g., a carousel or a track,
and 1s connected by a drive shaft 58 to a carrier head rotation motor 56 so that the carrier
head can rotate about an axis 55. Optionally, the carrier head 70 can oscillate laterally,
30 e.g., on shiders on the carousel, by movement along the track, or by rotational osailation
of the carousel tiself

The carnier head 70 includes a housing 72, and a flexible membrane 74 that
defines a plurality of pressurizable chambers 76a, 76b, 76¢, and a retaining ring 80

secured to the housing 72. Tn operation, a bottom surface 82 of the retaining ring 80
6
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contacts the polishing surface 36. Optionally, a plurality of channels can be formed in the
bottom surface 82 of the retaining ring 80 to permit the polishing liquid 66 to flow
between the imside and outside of the retaining ring 80, The lower surface of the flexible
membrane 78 provides a mounting surface for a substrate 10, The housing 72 can
generally be circular 1n shape and can be connected to the drive shaft 58 to rotate
therewith during polishing. There may be passages (not iHustrated) extending through the
housing 72 for pneumatic control of the carrier head 70.

FIGS. 1, 2A, and 2B illustrate an embodiment in which the polishing pad 30 has at
least one, e.g., exacily one, polishing-rate adjustment groove 120 formed in the polishing
surface 36. The polishing rate adjustment groove 120 1s a recessed area of the polishing
pad 30. The polishing rate adjustment groove 120 can be an annular groove, eg.,
circular, and can be concentric with the axas of rotation 25. The polishing rate adjustment
groove 120 can surround the polishing hquid distnibution grooves 110 {the polishing
fiquid distribution grooves 110 are not shown in FIG. ZA for ease of illustration, but are
shown in FIG. 2B). Assuming the polishing Hauid distribwtion grooves 110 are circular
grooves, then the polishing raie adjustment groove 120 can be concentric with the
polishing hiquid distribution grooves 110 In some iroplementations, there are no further
polishing liquud distribwtion grooves 110 radially outward of the polishing rate adjustment
groove 120,

The walls of the pohishing-rate adjustment groove 120 are perpendicular to the
polishing surface 36, The bottom swrface of the polishing-rate adjustment groove 120 1s
parallel with the polishing surface 36, although in some implementations the bottom
surface of the polishing-rate adjustment groove 120 can be angled or a U-shape. The
polishing-rate adjustment groove 120 can be 10 to 80 muls, e.g., 1010 60 mils, deep. The
polishing-rate adjustment groove 120 can have a width of three to fifiy, e g., five o fifty,
e.g., three fo ten, e g, ten 1o twenty, millimeters.

In some implementations, the polishing-raie adjustment groove 120 13 located near
the outer edge of the polishing pad 30, e g within 15%, e.g., with 10% (by radius) of the
ouier edge. For example, the polishing-rate adjustment groove 120 can be located at a
radial distance of fourieen inches from the center of a platen having a thirty inch
diameter.

The polishing hiquud distribution grooves 110 are narrower than the polishing-rate
adjustment groove 120, For example, the polishing liguid distribution grooves 110 can be

narrower by a factor of at least 3, e.g., at least 6, such as 6 10 10, The polishing-rate
7
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adjustment groove 120 can have a smaller, stmilar, or greater depth than the polishing
ligand distribution grooves 110, In some implementations, the polishing-rate adjastment
groove 120 1s the only groove on the polishang pad 30 wider than the polishing ligud
distribution grooves 110,

S Referning to FIG. 1, in embodiments that include the polishing-rate adjustment
groove 120, the polishing svstem 20 mcludes a dispenser 130 with an outlet 132 to deliver
either a liquid 134 that serves as a coolant, or a dilutant, or both (see FIG. 1), In
particuiar, the outlet 132 can be positioned directly over the polishing rafe adjustment
groove 120 so that the hquid 134 flows directly inio the over the polishing rate

{0 adjustment groove 120, Altematively, the outlet 132 can be positioned so that the hiqud
134 flows onto the polishing surface. For example, the outlet 132 can be positioned so
that the hiquid 134 1s dispensed at a position radially mmward but near the polishing rate
adjustruent groove 120, e g., within 10 ¢, e.g., within 5 cm.

Assuming the higuid 134 is a coolant, the liguid coolant could be the polishing

15 liqpud 66, but chilled, e g, to 0 to 5°C. Alternatively, the liquid coolant could be
deionized (D) waler: in this case the hiquid serves as both a coolant and a dilwtant. Tn
either case, the hiquid coolant can be spraved, e.g., asrosolized, by a nozzle that provides
the outlet 132

Assuming the Liguid 134 1s a dilutant, the hquid dilutant could be detonized (D)

[
Y

water. In this case, the liquid dilutant can be distributed af room temperature, e.g., 20 to
23°C.

Referring to FIG. 2A, the distribution of the coolant and/or dilutant into the
polishing-rate adjustment groove 120 generates an annular region 122 radially inward and

immediately adjacent the polishung~rate adjustmoent groove 120 1o which the polishing

S
LA

rate of is matenially reduced {but not eliminated completely). The annular region 122 can

have a width of Z 10 10 mm. Without being limited to any particular theory, some coolant
and/or dibutant Hquid 134 can overflow the polishing-rate adpustment groove 120 but
entrifugal force mayv limit the inward spread of the coolant and/or dilutant liqud 134

from the polishing-rate adjustment groove 120. Sull without being hmited to any

30 particuiar theory, if the coolant and/or dihutant hquid 134 15 dispensed at a position

radially 1oward of the polishing-rate adjustroent groove 120, then the hquid can contact

the substrate edge area before falling into the groove 120,
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Where the liquid 134 is a coolant, the temperature of the polishing pad and
polishing hiquid 1o the annular region 122 can be reduced, thereby reducing the polishing
rate as compared 1o a central region 124 that 15 radially inward of the anoular region 122,

Where the liquud 134 15 a dilwtant, the concentration of the polishing hiquid (e.g.,

S concentration of chemustry and/or abrasive particles) in the annular region 122 can be
reduced, thereby reducing the polishing rate.

When the substrate 10 1s positioned over the central region 124 of the polishing
pad 30, the polishing swrface 36 contacts and polishes the substrate 10, and material
removal takes place. On the other hand, when an edge of the subsirate 10 15 positioned

{0 over the annular region 122, the polishing rate of the portion of the substrate over the
annular region 122 is lower than the polishing rate of the portion of the substrate over the
central region 124
Referring now to FIGS. 2A and 3, for a first duration, the substrate 10 can be
positioned in a first posttion or first range of positions such that the central portion 12 of
15 the substrate 10 and the edge portion 14 of the substrate 10 are both polished by the
central region 124 and the polishung surface 36 of the polishing pad 30. As such, none of
the substrate 10 overlaps the annular region 122,
For a second duration, the substrate 10 can be positioned such that the central

portion 12 of the subsirate 10 1s polished by the central region 124 and an arcuale

[
Y

crescent-shaped region 4a of the edge portion 14 of the subsirate 10 is above the annular
region 122, During the second duration, the substrate 10 can be held laterally fixedina
second position. Thus the central portion 12 of the substrate 10 is polished during the
second duration, whereas aregion 14a of the edge portion 14 of the substraie 10,

posttioned above the annular region 122, 15 polished at a relatively lower polishing rate.

S
LA

Due to rotation of the substrate 10, the edge portion 14 should still be polished in an
angwlarly uniform manner, but ai a lower average rate than the central portion 12 due to
the lower polishing rate in region 14a. A controller can cause the support to move the
carrier head 70 to oscillate the substrate 10 laterally during the first duration, and fo hold
the substrate 10 at a fixed position laterally for a time at the second duration.

30 To reduce the removal of the edge portion 14 of the substrate 10, and to oblain a
maore uniformly polished substrate 10, a reduce-polishing area time share can be
deternined. For example, equation |1} can be used to determine the non-polishing area

fime share 54

9
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5 =L 1
180

where a 15 the angle subtended across the substrate 10 by the anmular region 122 relative

1o the center of the substrate, and can be determined using equations [2]-[3}:

R1Z—r?—x? B
COsS o = "“'““Z“?;';'“'f'“ {2E

5 and

g BYEp? oyl .
A L E
2xr ;

L2
e

and where R11s the radius of the inner edge of the annular region 122, 7 15 the radius of
the substrate 10, and x is the distance from the center of the polishing pad 390 to the center
of the substrate 10,

14 The central portion 12 of the substrate 10 and the edge portion 14 of the subsirate
1{ is positioned over the central region 134 for a first duration Ti (1o to 11). The substraie
can be moved laterally in an oscillatory wanner during this first duration. At the end of
the first duration, the substrate 1s repositioned. The central portion 12 of the substrate 10
15 positioned over the central region 124 and the edge portion 14 of the substrate 10 15

i5 positioned and held over the annular region 122 for a second duration T2 (11 to t2).

The process can be repeated so the subsirate 10 oscillates between a fivst position
— where the central portion and the edge portion of the substraie 10 is polished — for the
firsi duration and a second position ai the second duraiion, where the substrate is held at
the second position — where the central portion of the substrate 10 is polished and the

20 edge portion of the substrate 10 15 polished at a reduced rate — for a duration calculated
using the time share 5.

The ratic of the first duration T to the second duration Tz can be selected so as to
reduce the polishing rate of the edge portion 14 by a desired amount. For example the

ratio T1/ T2, can be selacted to achieve a desired polishing rate at the edge, e.g.. to achieve

[\
n

the same polishing rate as the center portion 12,

The ratio T2/(T1+T2) provides a percentage of ime per cycle where the substrate,
e.g, the edge portion 14b, is positioned and held over the groove 102 {also known as the
dwell time}, where a cycle is determined by the amount of time if takes for a substrate to
retumn to the same position during one oscillation.
34 In general, if P is the polishing rate of the edge portion 14 without using the

polishing-rate adjustment groove, P is the polishing rate of the edge portion 14 using the

10
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polishing-rate adjustment groove, and Ppgs is the desired polishing rate, then the ratio

T2/(T1+7T2} can be set as follows:

Pogs = P [1= 5 (0] + Ps (%) (4]

T+ T4+7T,

FI1GS. 4A and 48 illustrate an embodiment 1n which an annular portion 130 of the
S polishing pad 30 has been replaced with a polishing material that 1s softer than the
polishing material of the central region 124, For example, the annular portion 130 can be
a poromeric polymer, e g, promeric polyurethane. For example, the annular portion 130
can be a Suba IV or Politex polishing material. In some implementations, the annular
portion 130 can have the same material composition as the central region 124, but have a
1y higher porosity, 1.e., larger and more dense pores, so as to provide a softer laver. Asa
result, the polishing rate of the annular portion 130 should be lower than the polishing
rate that would otherwise occur if the same polishing material was present. The annular
portion 130 can have the same grooving pattern as the central region 124, and can
grooves and plateaus that provide a portion of the polishing surface 36.

15 As aresult, when a crescent-shaped portion 14a of the edge region 14 of the
substraie 10 13 positionad over the annular portion 130, the polishing rate of the edge
region 14 should be reduced (compared to what would otherwise occur if the sare
polishing material was used across the entire polishing pad).

The first polishing material, in the central region 124, can have a hardness of 50-

28 80 Shore [ For example, the first polishing material can include a polvurethane, eg.. a
porous polyurethane, e.g.. polvurethane with embedded holtow mucrospheres. The second
polishing material, in the annular portion 130, can have a hardness of 20 to 50 Shore D
The polishing surface of the central region 124 and the polishing surface of the annular

portion 130 are coplanar.

S
LA

As shown in FIG. 4B, the annular portion 130 formed of the second polishing
material can extend partially through the polishing laver 32. In this case, the annular
portion 130 1s supporied on a thin section 134 that is formed of the first polishing material
froro the central region 124, Alternatively, the anmular portion 130 and second polishing
material can extend entirely through the polishing layer 32,

30 The embodiment of FIGS. 4A and 4B can operate in a similar manner as
discussed above for FIGS. 24 and 2B, That is, for a first duration, the substrate 10 can
posttioned in a first position or first range of positions such that the central portion 12 of
the substrate 10 and the edge portion 14 of the substrate 10 are both polished by the

11
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central region 124 and the polishing surface 36 of the polishing pad 30. For a second
duration, the substrate 10 can be positioned such that the ceniral portion 12 of the
substrate 10 is polished by the central region 124 and an arcuate crescent-shaped region
14a of the edge portion 14 of the substrate 10 is above the annular portion 130
S Determanation of the ratio of the first duration T1 to the second duration Tz can be also
determined 1o a similar roanner fo that discussed above.
FIGS. SA and 5B illustrate an embodiment in which an anonular outer region 140
of the polishing pad 30 mcludes both circular polishing iquid distribution grooves 110
and radially extending polishing liquid discharge grooves 142, The radially extending
14 polishing hiquid discharge grooves 142 act to mcrease the flow of the polishung hiquid out
of the annular out region 144, As less polishing licuud s retained in the annular outer
region 140, the polishing rate of the annular outer region 140 should be lower than the
polishing rate that would otherwise occur if the iquud discharge grooves 142 were not
present.
15 The polishing hquid discharge grooves 142 can be distnibuted at equal angular
mtervals around the center of the polishing pad 30, e.g., around the axis of rotation 25.
The polishing liguad discharge grooves 142 can be wider and/or deeper than the polishung
liquid distnibution grooves 110, For exampie, the polishing liguid discharge grooves 142

can have awidth of 1 to S mm.

[
Y

The erobodirnent of FIGS. 5A and 3B can operate n a similar manner as
discussed above for FIGS. 2A and 2B and 4A and 4B. That is, for a first duration, the
substrate 10 can positionad in a first position or first range of positions such that the
central portion 12 of the subsirate 10 and the edge portion 14 of the substraie 10 are both

polished by the central region 124 and the polishing surface 36 of the polishing pad 30.

S
LA

For a second duration, the substrate 10 can be positioned such that the central portion 12
of the substrate 10 1s polished by the central region 124 and an arcuate crescent-shaped
region 143 of the edge portion 14 of the sabstrate 10 15 above the anmular outer region 140
that has the polishing liguid discharge grooves 142, Deternunation of the ratio of the first
duration T1 to the second duration Tz can be also determined in a sinular manner to that
30 discussed above.

Yet another technique, that can be used in comgunction with any of the prior
embodiments of FIGS. 2A-2B, 4A-4B, or SA-5B, is to use a retaining ring with a high
density of polishing hquid channels. FIG. 6 18 a view of a bottom surface 82 of the

retaining ring 80 surrounding a substraie 10, A plurality of channels 84 are formed as
12
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recesses into the bottom surface 82, extending from an inner diameter surface 86 to an
ouler diameter surface 88 of the retamning ring 80. The channels 84 can be distnibuted at
substantially equal angular intervals around the center 89 of the retaiming ring 8G. All of
the channels 84 can have identical shape, aibeit rotated as appropriate.

The channels 84 are configured such that the polishing liquid can easily between
the inner diameter surface 86 and the outer diameter surface 88, For exarople, the
chanmels 84 can be sufficiently wide that the channels 84 in a plan view cccupy at least
half of the surface area of the botiom surface 82, e.g., 50-73%. The large area of the
channels 84 can enable sturry to easily flow away from the substrate edge 16, thus
lowering the polishing rate at the edge region 12,

Morgover, the channels 84 can be configured to preferentially guide the polishing
hquid from the inside of the retaiming ving 80 to the outside of the retaining ring 80 and
away from the substrate edge 16, as compared to channeling the pohishing iquid from the
cutside of the retaining ring 80 toward the inside of the retaining ring 80.

For example, the channels &4 can be wider at the inner diameter swface 86 than
the outer diameter surface 88, In particular, the channels 84 can be flared at the inner
diameter surface 86,

As another example, the channels &4 can be canted such that the primary axis
{shown by phantom hine A) of each channel 84 1 at obligue angle ¢, e.g., 20-45° relative
to the radial segment (shown by phantom line R} extending from the center 88 of the
retaining ring 80 to the respective charmel 84, In particular, the chamnels 84 are canted
from the inner diameter 86 to the outer diameter 84 in a direction opposite that of the
direction of rotation {(shown by arrow B). For example, if the retaining ring 80 18 to rotate
countter-clockwise during the polishing operation, then from the inner diarneter 86 to the
outer diameter 84 the channel extends clockwise. Conversely, if the retaining ring 80 is
o rotate clockwise during the polishing operation, then from the inner diameter 86 to the
outer diameter 84 the channel extends counter-clockwise.

Each channel 84 icludes a leading edge 90 and a trailing edge 92, Without being
fimted to any particular theory, the rotation of the retaining ring 80 causes the trailing
edge 92 of the channel {which corresponds to aleading edge of a plateau 85 between the
channels}) to engage the polishing iquid, and the canted angle of the trailing edge 92
urges the pohishing hqud outwardly,

in the example shown in FIG. 6, The leading edge 90 includes an outer hinear

portion 90a adjacent the outer diameter surface 84, Similarly, the trailing edge 92
13
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includes an outer linear portion 92a adjacent the outer diameter surface 84 In this
example, the hinear portions 90a, 92a are angled to form a portion 94 of the channel that
narrows gradually from inside out. The linear portions 90a, 92a can an angle of 5-25°
However, in some implementations, the linear portions 90a, 92a are paraliel.

The leading edge 90 also inchudes a portion 90b adjacent the inner diameter
surface 84 that can be linear or curved, but which forms a larger angle with the radial
segment R than the outer hinear portion 90a. Similarly., the trailing edge 92 also includes
a portion 92b adjacent the inner diameter surface 84 that can be linear or curved, but
which forms a smaller angle with the radial segment R than the outer hinear portion 92a.
The configuration can create a flared opening portion 96 at the irmer diarneter surface 86,
which widens more quickly (from ouiside in) than the portion 94

Any of these effects tends o urge the polishing hquid o Sow away from the
substrate edge 16, thus lowering the polishing rate at the edge region 12,

As used in the instant spectfication, the term substrate can include, for example, a
product substrate {e.¢.. which includes multiple memory or processor digs), a test
substrate, a bare substrate, and a gating substrate. The substrate can be at various stages
of integraied circuit fabnication, e.g., the subsirate can be a bare walfer, or it can include
one or more deposited and/or patiemned layers. The term subsirate can inchude circular
disks and rectangular sheets.

The above described polishing svstern and methods can be applied n a vanety of
polishing systems. Either the polishing pad, or the carnier head. or both can move fo
provide relative motion between the polishing swrface and the substrate. The polishing
pad can be a circular (o1 some other shape) pad secured to the platen. The polishing laver
can be a standard (for example, polyurethane with or without fillers) polishing matenial, a
soft material, or a fixed-abrasive matenial. Terms of relative positioning are used; it
should be understood that the polishing surface and substraie can be held in a vertical
orientation or some other ortentation,

Particular embodiments of the invention have been described. Other
embodiments are within the scope of the following claims. For example, the actions
recifed in the claims can be performed in a different order and still achieve desirable

results.

PCT/US2024/049782
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CLAIMS

What 15 claamed 1s:

i A method for chemical mechanical polishing, the method comprising:
S rotating a polishing pad about an axis of rotation;
positioning a substrate against the polishing pad, the polishing pad having a
polishing-rate adjustment groove that 1s concentric with the axis of rotation;
dispensing a polishing liquid onto the polishing pad;
dispensing a coolant, a dilulant, or both, inio the polishing-rate adiustment groove
1y such that a polishing rate 1s reduced i an annular zone of the polishing pad that is
positioned radially inward of the polishing-rate adjustment groove, and wherein the
annular zone surrounds a central zone of the polishing pad in which a polishing rate is not
substantially affected by the coolant, dilutant, or both; and
oscillating the substrate laterally across the polishing pad such that
15 for a first duration a ceniral portion of the substrate and an edge portion of
the substrate are positioned over the central zone of the polishing pad such that the central
portion of the substrate and the edge portion of the substrate are polished for the tust
duration by the central zone of the polishing pad, and

for a second duration holding the central portion of the substraie is

[
Y

positioned over the central zone of the polishung pad and an angularly extending section
of the edge portion of the substrate 15 positioned over the annular zone such that the
central portion of the substrate is polished for the second duration by the central zone of
the polishing pad and the edge portion of the substrate 15 polished for the second duration

by both the central zone of the polishung pad and the annular zone so as to reduce a

S
LA

polishing rate of the edge portion.

~

2. The method of claim 1, wherein the dispensing a coolant, a dilutant, or both

comprises dispensing the coolant.

30 3 The method of claim 2, wherein the coolani comprises chilled polishing biquid,

4, The method of claim 2, wherein the coolant 1s purified deionized water.
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5. The method of claim 1, wherein the dispensing a coolant, a dilutant, or both

comprises dispensing the dilutant.

6. The method of claim 5, wherein the dilutant is purified deionized water.

7. The method of claim 1, cormnprising holding the substate in a laterally fixed

position for the second duration,

8. The method of claim 1, wherein the polishing pad further comprises polishing

{0 liquad distribution grooves.

a. The method of claim &, wherein the pohishing liquud distribution grooves are

concentric with the polishing-rate adjustiment groove,

i3 10 The method of claim 3, wherein the polishing hquid distribuiion grooves are

narrower than the polishing-rate adjustment groove.

It The method of claim 1, wherein the polishing pad has a single polishing-rate

adjustment groove,

[
Y

12. A polishing system, comprising:
a rotatable platen to support a polishing pad that has a polishing-rate adjustment
groove that is concentric with an axis of rotation of the platen;

a f{irst dispenser to deliver a polishing hiquid onto the polishing pad;

S
L

a second dispenser to deliver a coolant, a dilutant, or both, into the polishing-rate
adjustment groove such that a polishing rate is reduced in an annular zone of the
polishing pad that is positioned radially inward of the polishing-rate adjustment groove,
and wherein the annular zone swrrounds a central zone of the polishing pad in which a

polishing rate is not substantially affected by the coolant, dilutant, or both;

73]
-,
-

a carrier head to hold a substrale against the polishing pad, the carrier head
laterally movable across the polishing pad;

an actuator to move the carrier head; and

a conirolier coupled to the actuator and configured 1o cause the actuator to

oscillate the carmer head and substrate laterally across the polishing pad such that
16
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for a first duration cause the actuator to position a ceniral portion of the
substrate and an edge portion of the sabstrate over the central zong of the polishing pad
such that the central portion of the substrate and the edge portion of the substrate are
polished for the first duration by the central zone of the polishing pad, and
3 for a second duration cause the actuator to position the central portion of
the substraie over the central zoune of the polishing pad and an angularly exiending section
of the edge portion of the substrate over the annular zone such that the central portion of
the substrate is polished for the second duration by the ceniral zone of the polishing pad
and the edge portion of the substrate is polished for the second duration by both the
{0 central zone of the polishing pad and the annular zone so as 1o reduce a polishing rate of

the edge portion.

13. The system of clairo 12, wherein the controller is configured to cause the actuator

1o hold the substate in a laterally fixed position for the second duration.

15
14, The system of claim 12, wherein the second dispenser ts configured {o dispense
the coolant.
1S The system of claim 13, wherein the coolant compnises chilled polishing hiquid.
20
16, The system of claim 13, wherein the coolant is purified deionized water.
17. The system of claim 12, wherein the second dispenser ts configured {o dispense
the diluiant.
25

18.  The system of claim 17, wherein the difutant is purified deionized water.
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