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(57) ABSTRACT 

A polishing system is described. The polishing system 
includes a polishing layer, and a subpad supporting the 
polishing layer, Where the subpad has a spiral groove formed 
therein. 
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POLISHING SYSTEM WITH SPIRAL-GROOVED 
SUBPAD 

RELATED APPLICATION 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/773,950, ?led Feb. 15, 2006, 
Which is hereby incorporated by reference in its entirety. 

TECHNICAL FIELD 

[0002] This invention relates to manufacturing semicon 
ductor devices. 

BACKGROUND 

[0003] The present invention relates to apparatus and 
methods for chemical mechanical polishing a substrate. 

[0004] An integrated circuit is typically formed on a 
substrate by the sequential deposition of conductive, semi 
conductive or insulative layers on a silicon Wafer. One 
fabrication step involves depositing a ?ller layer over a 
patterned stop layer, and planariZing the ?ller layer until the 
stop layer is exposed. For example, trenches or holes in an 
insulative layer may be ?lled With a conductive layer. After 
planariZation, the portions of the conductive layer remaining 
betWeen the raised pattern of the insulative layer form vias, 
plugs and lines that provide conductive paths betWeen thin 
?lm circuits on the substrate. 

[0005] Chemical mechanical polishing (CMP) is one 
accepted method of planariZation. This planariZation method 
typically requires that the substrate be mounted on a carrier 
or polishing head. The exposed surface of the substrate is 
placed against a rotating polishing pad. The polishing pad 
may be either a standard pad or a ?xed-abrasive pad. A 
standard pad has a durable roughened surface, Whereas a 
?xed-abrasive pad has abrasive particles held in a contain 
ment media. The carrier head provides a controllable load, 
i.e., pressure, on the substrate to push it against the polishing 
pad. A polishing slurry, including at least one chemically 
reactive agent, and abrasive particles if a standard pad is 
used, is supplied to the surface of the polishing pad. 

[0006] An effective CMP process not only provides a high 
polishing rate, but also provides a substrate surface Which is 
?nished (lacks small-scale roughness) and ?at (lacks large 
scale topography). The polishing rate, ?nish and ?atness are 
determined by the pad and slurry combination, the relative 
speed betWeen the substrate and pad, and the force pressing 
the substrate against the pad. The polishing rate sets the time 
needed to polish a layer, Which in turn sets the maximum 
throughput of the CMP apparatus. 

SUMMARY 

[0007] In one aspect, a polishing article is described. The 
polishing article includes a linear polishing sheet having a 
linear transparent portion, Wherein the linear transparent 
portion is formed from a material that has the ?exibility to 
pass around a radius of about 2.5 inches Without cracking. 

[0008] Implementations of the invention may include one 
or more of the folloWing features. A top surface of the 
polishing sheet can be substantially planar With a top surface 
of the linear transparent portion. The linear transparent 
portion can be formed from a polyurethane material. The 
material can have a hardness of about 60 on the Shore D 
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scale. The material can have a thickness of about 50 mils. A 
top surface of the linear polishing sheet can be formed from 
a material that is su?iciently durable to Withstand condition 
ing by a diamond-coated conditioning tool. A top surface of 
the linear polishing sheet can be formed from a non-?xed 
abrasive polishing material. The linear polishing sheet can 
include a top layer and a bottom layer. The linear polishing 
sheet can include a bonding layer betWeen the lop layer and 
the bottom layer. The polishing sheet can include a polishing 
layer, and the transparent portion is molded to the polishing 
layer. 
[0009] In another aspect, a polishing cartridge is 
described. The polishing cartridge includes tWo rollers, a 
feed roller and a take-up roller, and a linear polishing sheet, 
Wherein a ?rst end of the linear polishing sheet is Wrapped 
around the feed roller and a second end of the linear 
polishing sheet is Wrapped around the take-up roller. 

[0010] In one aspect, a polishing apparatus is described. 
The polishing apparatus includes a rotatable platen, a drive 
mechanism to incrementally advance a polishing sheet hav 
ing a polishing surface in a linear direction across the platen, 
a subpad on the platen to support the polishing sheet, the 
subpad having a groove formed therein, and a vacuum 
source connected to the groove of the subpad and con?gured 
to apply a vacuum suf?cient to pull portions of the polishing 
sheet into the groove of the subpad to induce a groove in the 
polishing surface. 
[0011] Implementations of the invention may include one 
or more of the folloWing features. The subpad can include 
multiple grooves. The grooves can form concentric circles, 
concentric ovals, or a spiral. The grooves can form parallel 
lines or perpendicular lines. The polishing apparatus can 
include the polishing sheet. The polishing sheet can have 
multiple grooves in a polishing surface. The polishing sheet 
can have a Width and a length, Wherein the length is greater 
than the Width, and the multiple groovcs formed in the 
polishing sheet can include grooves extending substantially 
perpendicular to the length of the polishing sheet. The 
multiple grooves formed in the polishing sheet can include 
grooves extending substantially parallel to the length of the 
polishing sheet. The subpad can be more compressible than 
the polishing sheet. The subpad can be compressible. 

[0012] In another aspect, a method is described. The 
method includes supporting a polishing sheet having a 
polishing surface on a subpad having a groove formed 
therein, and applying a vacuum to the groove sufficient to 
pull portions of the polishing sheet into the groove to induce 
a groove in the polishing surface. 

[0013] Implementations of the invention may include one 
or more of the folloWing features. The method can include 
rotating a platen supporting the polishing sheet to rotate the 
polishing sheet. The method can include bringing a substrate 
into contact With the polishing sheet and polishing the 
substrate. The method can include releasing the polishing 
sheet from the platen, and incrementally advancing the 
polishing sheet in a linear direction across the top surface of 
the platen. The subpad can include multiple grooves. The 
grooves can form concentric circles, concentric ovals, or a 
spiral. 
[0014] In one aspect, a polishing system is described. The 
polishing system includes a polishing layer, and a subpad 
supporting the polishing layer, the subpad having a spiral 
groove formed therein. 
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[0015] Implementations of the invention may include one 
or more of the following features. The subpad can be formed 
of multiple layers of materials. The subpad can include an 
upper layer of polyurethane material and a loWer layer of 
foam. The upper layer can have a thickness betWeen about 
60 mils and 100 mils and the loWer layer has a thickness of 
betWeen about 40 mils and 60 mils. The spiral groove can 
have a depth of betWeen about 35 mils and 40 mils. The 
groove can extend entirely through an upper layer of the 
subpad. The subpad can have a thickness of about 150 mils. 
The spiral groove can have a depth of about 50 mils and a 
Width of about 500 mils. The subpad can include multiple 
spiral grooves, and each spiral groove can originate from the 
center of the subpad. The subpad can be more compressible 
than the polishing layer. 

[0016] In another aspect, a polishing system is described. 
The polishing system includes a rotatable platen, a drive 
mechanism to incrementally advance a polishing sheet in a 
linear direction across the platen, and a subpad on the platen 
to support the polishing sheet, Where the subpad has a spiral 
groove formed therein. 

[0017] Implementations of the invention may include one 
or more of the folloWing features. The polishing system can 
include a motor to rotate the platen and a controller to 
control the motor, Where the controller can be con?gured to 
cause the platen to rotate in a direction of increasing radius 
of the spiral groove. The controller can be con?gured to 
cause the platen to rotate in a direction of decreasing radius 
of the spiral groove. 

[0018] In one aspect, a polishing system is described. The 
polishing system includes a polishing layer having a pol 
ishing surface With a ?rst groove pattern, and a subpad 
supporting the polishing layer, Where the subpad has a 
second groove pattern different than the ?rst groove pattern. 

[0019] In another aspect, a polishing article is described. 
The polishing article includes an elongated polishing layer, 
and a transparent carrier layer supporting the polishing layer, 
Where the transparent carrier layer has a projection extend 
ing into an aperture in the polishing layer to provide a 
transparent WindoW in the polishing layer. 

[0020] Implementations of the invention may include one 
or more of the folloWing features. The carrier layer can be 
integral With the transparent WindoW. The carrier layer and 
the transparent WindoW can be composed of a polymer 
material. The elongated polishing layer can have a length 
and a Width, and the projection can be elongated in a 
direction parallel to the length. The WindoW can extend 
substantially the entire length of the polishing layer. The 
polishing layer and the carrier layer can be adhered or 
Welded together. An exposed surface of the transparent 
WindoW can be substantially co-planar With an exposed 
surface of the polishing layer. TWo sides of the projection 
can contact adjacent sides of the polishing layer. The carrier 
layer can extend across a Width of the polishing layer. The 
carrier layer and the projection can not have a seam at the 
junction of the carrier layer and the projection. 

[0021] In one aspect, a method is described. The method 
includes forming a polishing layer over a carrier layer 
having a raised transparent portion, Wherein the transparent 
portion is not covered by the polishing layer. 

[0022] Implementations of the invention may include one 
or more of the folloWing features. Forming the polishing 
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layer With the raised transparent portion can include one or 
more of molding, extruding, casting, shaping With pinch 
rollers, ablating, or mechanical milling. Forming a polishing 
layer over the carrier layer can include forming grooves in 
an upper surface of the polishing layer. The method can 
include drying or curing the carrier layer before forming the 
polishing layer over the carrier layer. 

[0023] In another aspect, a method is described. The 
method includes forming a carrier layer With a raised 
transparent portion that projects into an aperture of a pol 
ishing layer, Wherein the transparent portion is not covered 
by the polishing layer. 

[0024] Implementations of the invention may include one 
or more of the folloWing features. Forming the carrier layer 
can include fabricating an integral piece comprising a carrier 
portion and the raised transparent portion, the raised trans 
parent portion providing a transparent WindoW in the pol 
ishing layer, Wherein the carrier portion can be exposed on 
a main surface and can be covered by the polishing layer on 
an opposite surface to the main surface and the transparent 
WindoW can be exposed on both a surface substantially 
co-planar With a surface of the polishing layer and a surface 
substantially co-planar With the main surface of the carrier 
portion. Fabricating the piece can include removing polish 
ing layer material covering the transparent WindoW. Forming 
the carrier layer can include one or more of molding, 
extruding, casting, shaping With pinch rollers, ablating, or 
mechanical milling. The method can include drying or 
curing the polishing layer before fabricating the carrier layer 
on the polishing layer. 

[0025] In one aspect, a method is described. The method 
includes contacting a non-solid material to a non-linear edge 
of a sheet of polishing material, and causing the non-solid 
material to solidify to form a WindoW that contacts the 
non-linear edge of the polishing material. 

[0026] Implementations of the invention may include one 
or more of the folloWing features. The method can include 
contacting the non-solid material to a non-linear second 
edge of a second sheet of polishing material and causing the 
non-solid material to solidify to form a WindoW that contacts 
the second non-linear edge of the second sheet of polishing 
material. The method can include supporting the ?rst sheet 
and the second sheet With a gap there betWeen and depos 
iting the non-solid material into the gap. The WindoW can 
extend substantially an entire length of the polishing article. 
Contacting a non-solid material to the edge of the sheet of 
polishing material and the second edge of the second sheet 
of polishing material can include pouring a liquid precursor 
material betWeen the edge and the second edge. The solidi 
?ed liquid precursor material can form multiple projections 
Which interlock With projections of the polishing material. 
The WindoW can extend along a primary axis. The non-linear 
edge can include multiple projections normal to the primary 
axis. Causing the non-solid material to solidify can form a 
WindoW that ?ts into the sheet With a dovetail-like joint. An 
exposed surface of the WindoW and an exposed surface of 
the polishing material can be substantially co-planar. The 
sheet of polishing material can be formed by cutting the 
sheet of polishing material or skiving the sheet from a block 
of polishing material. The WindoW can extend a length of the 
polishing sheet betWeen the edge of the polishing sheet and 
the center of the polishing sheet. 
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[0027] In another aspect, a polishing article is described. 
The polishing article includes a polishing sheet, and a solid 
light-transmissive WindoW in the polishing sheet having a 
primary axis and a non-linear edge that extends parallel to 
the primary axis. 

[0028] Implementations of the invention may include one 
or more of the folloWing features. The polishing sheet can be 
elongated With a length and a Width, Where the length is 
greater than the Width, and the primary axis is parallel to the 
length. The WindoW can extend substantially the entire 
length of the polishing sheet. The non-linear edge can 
include multiple projections normal to the primary axis. The 
multiple projections can interlock With projections of the 
polishing material. The WindoW can ?t into the sheet With a 
dovetail-like joint. An exposed surface of the WindoW and an 
exposed surface of the polishing material can be substan 
tially co-planar. 

[0029] In one aspect, a polishing apparatus is described. 
The polishing apparatus includes a platen, a subpad on the 
platen to support a polishing sheet having a polishing 
surface, the subpad having a recess formed therein, a 
vacuum source connected to the recess of the subpad and 
con?gured to apply a vacuum sufficient to pull portions of 
the polishing sheet into the recess of the subpad to induce a 
recess in the polishing surface, a carrier head to hold a 
substrate against the polishing surface and to lift the sub 
strate aWay from the polishing surface, a motor to move the 
carrier head across the polishing surface, and a controller 
coupled to the carrier head and the motor and con?gured to 
position the substrate over the recess in the polishing surface 
and cause the carrier head to lift the substrate aWay from the 
polishing surface. 

[0030] Implementations of the invention may include one 
or more of the folloWing features. The platen can be rotat 
able. The polishing apparatus can include a drive mechanism 
to incrementally advance the polishing sheet in a linear 
direction across the platen. The controller can be con?gured 
to position the substrate aWay from the recess during pol 
ishing of the substrate. The recess can include a groove. The 
polishing apparatus can include the polishing sheet. The 
subpad can be more compressible than the polishing sheet. 

[0031] In another aspect, a method is described. The 
method includes supporting a polishing sheet having a 
polishing surface on a subpad having a recess formed 
therein, applying a vacuum to the groove suf?cient to pull 
portions of the polishing sheet into the recess to induce a 
recess in the polishing surface, positioning a substrate in a 
carrier head over the recess in the polishing surface, and 
lifting the substrate aWay from the polishing surface While 
the substrate is positioned over the recess. 

[0032] Implementations of the invention may include one 
or more of the folloWing features. The method can include 
rotating a platen supporting the polishing sheet to rotate the 
polishing sheet. The method can include incrementally 
advancing the polishing sheet in a linear direction relative to 
the subpad. The recess can include a groove. 

[0033] Some of the embodiments described herein may 
include one or more of the folloWing advantages. An inte 
grated WindoW stripe in a linear polishing sheet can be 
formed of a ?exible and bendable material to alloW the 
composite polishing sheet to pass around small bend radii 
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Without cracking, craZing, delaminating, or splitting at the 
interface. Using a grooved subpad to support a linear pol 
ishing sheet alloWs the linear sheet to develop groove 
patterns in a polishing surface While still advancing in small 
increments. Using a spiral-grooved subpad With deep 
grooves induces a spiral groove pattern in overlying pad 
material, Where the induced groove pattern, in addition to 
providing local slurry transport, can perform a global action 
of retaining slurry on the platen or exhausting slurry and 
polish Waste products off the platen and aWay from the 
Wafer. Fabricating a polishing sheet With an integrated 
WindoW stripe reduces the number of materials to tWo. 
Additionally, the polishing sheet and the integrated WindoW 
and carrier can be fabricated of materials With similar 
chemical properties. Incorporating optical WindoW material 
in a polishing sheet to create a dovetail-like joint increases 
the mechanical strength of the interface betWeen the WindoW 
material and the polishing sheet. Using a subpad With a 
feature to support a linear polishing sheet alloWs the linear 
sheet to develop the feature in a polishing surface While still 
advancing in small increments. The subpad feature can be 
used to assist substrate dechuck after polishing. 

[0034] The details of one or more embodiments of the 
invention are set forth in the accompanying draWings and 
the description beloW. Other features, objects, and advan 
tages of the invention Will be apparent from the description 
and draWings, and from the claims. 

DESCRIPTION OF DRAWINGS 

[0035] FIG. 1 is a schematic exploded perspective vieW of 
a chemical mechanical polishing apparatus. 

[0036] FIG. 2 is a top vieW of the CMP apparatus of FIG. 
1. 

[0037] FIG. 3A is a top vieW of the ?rst polishing station 
of the CMP apparatus of FIG. 1. 

[0038] FIG. 3B is a schematic exploded perspective vieW 
of a rectangular platen and a polishing cartridge. 

[0039] FIG. 3C is a schematic perspective vieW of a 
polishing cartridge attached to a rectangular platen. 

[0040] FIG. 4 is a schematic cross-sectional vieW of a 
?xed abrasive polishing sheet. 

[0041] FIG. 5 is a schematic cross-sectional vieW of the 
polishing station of FIG. 3A. 

[0042] FIG. 6 is a schematic cross-sectional vieW of a 
polishing station having an optical endpoint detection sys 
tem. 

[0043] FIG. 7 is a schematic cross-sectional vieW of a 
platen and polishing pad of a second polishing station. 

[0044] FIG. 8 is a schematic cross-sectional vieW of a 
platen and polishing pad of a ?nal polishing station. 

[0045] FIGS. 9A, 9B, 10A, 10B shoW a polishing sheet 
With an integrated WindoW. 

[0046] FIGS. 11A-11C shoW a polishing pad With 
grooves. 

[0047] FIG. 12 shoWs a subpad With grooves on a rectan 
gular platen. 
[0048] FIG. 13 shoWs variations of grooved subpads. 
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[0049] FIG. 14 shows a side vieW ofa polishing sheet on 
a rectangular platen. 

[0050] FIG. 15 shoWs a side vieW of a grooved subpad. 

[0051] FIGS. 16-19 shoW a surface With a feature for 
dechuck. 

[0052] FIGS. 20-21 shoW a grooved subpad and a non 
grooved polishing surface. 

[0053] FIGS. 22-24 shoW a method of forming a polishing 
sheet With a WindoW. 

[0054] Like reference symbols in the various draWings 
indicate like elements. 

DETAILED DESCRIPTION 

[0055] Referring to FIGS. 1 and 2, one or more substrates 
10 Will be polished by a chemical mechanical polishing 
apparatus 20. An exemplary polishing apparatus 20 includes 
a machine base 22 With a table top 23 that supports a series 
of polishing stations, including a ?rst polishing station 2511, 
a second polishing station 25b, and a ?nal polishing station 
250, and a transfer station 27. Transfer station 27 serves 
multiple functions, including receiving individual substrates 
10 from a loading apparatus (not shoWn), Washing the 
substrates, loading the substrates into carrier heads, receiv 
ing the substrates from the carrier heads, Washing the 
substrates again, and ?nally, transferring the substrates back 
to the loading apparatus. A description of a similar polishing 
apparatus may be found in Us. Pat. No. 5,738,574, the 
entire disclosure of Which is incorporated herein by refer 
ence. 

[0056] Each polishing station includes a rotatable platen. 
At least one of the polishing stations, such as ?rst station 
25a, includes a polishing cartridge 102 mounted to a rotat 
able, rectangular platen 100. The polishing cartridge 102 
includes a linearly advanceable sheet or belt of ?xed 
abrasive polishing material. The remaining polishing sta 
tions, e.g., second polishing station 25b and ?nal polishing 
station 250, may include polishing pads 32 and 34, respec 
tively, each attached to a circular platen 30. Each platen may 
be connected to a platen drive motor (not shoWn) that rotates 
the platen at thirty to tWo hundred revolutions per minute, 
although loWer or higher rotational speeds may be used. 
Assuming that substrate 10 is a 300 mm diameter disk, then 
rectangular platen 100 may be about thirty inches on a side, 
and circular platen 30 and polishing pads 32 and 34 may be 
about thirty inches in diameter. 

[0057] Each polishing station 25a, 25b, and 250 also 
includes a combined slurry/rinse arm 52 that projects over 
the associated polishing surface. Each slurry/rinse arm 52 
may include tWo or more slurry supply tubes to provide a 
polishing liquid, slurry, or cleaning liquid to the surface of 
the polishing pad. For example, the polishing liquid dis 
pensed onto the ?xed-abrasive polishing sheet at ?rst pol 
ishing station 2511 Will not include abrasive particles, 
Whereas the slurry dispensed onto the standard polishing pad 
at second polishing station 25b Will include abrasive par 
ticles. If ?nal polishing station 250 is used for bu?ing, the 
polishing liquid dispensed onto the polishing pad at that 
station Would not include abrasive particles. Typically, suf 
?cient liquid is provided to cover and Wet the entire polish 
ing pad. Each slurry/rinse arm also includes several spray 
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noZZles (not shoWn) Which provide a high-pressure rinse at 
the end of each polishing and conditioning cycle. 

[0058] The polishing stations may include an optional 
associated pad conditioner apparatus 40. The polishing 
stations that include polishing pad, i.e., polishing station 
2511, may include an optional unillustrated cleaning appara 
tus to remove grit or polishing debris from the surface of the 
polishing sheet. The cleaning apparatus may include a 
rotatable brush to sWeep the surface of the polishing sheet 
and/or a noZZle to spray a pressurized cleaning liquid, e.g., 
deioniZed Water, onto the surface of the polishing sheet. The 
cleaning apparatus can be operated continuously, or betWeen 
polishing operations. In addition, the cleaning apparatus 
could be stationary, or it could sWeep across the surface of 
the polishing sheet. 

[0059] In addition, optional cleaning stations 45 may be 
positioned betWeen polishing stations 25a and 25b, betWeen 
polishing stations 25b and 250, betWeen polishing station 
250 and transfer station 27, and betWeen transfer station 27 
and polishing station 2511, to clean the substrate as it moves 
betWeen the stations. 

[0060] In the exemplary polishing system, a rotatable 
multi-head carousel 60 is supported above the polishing 
stations by a center post 62 and is rotated about a carousel 
axis 64 by a carousel motor assembly (not shoWn). Carousel 
60 includes four carrier head systems mounted on a carousel 
support plate 66 at equal angular intervals about carousel 
axis 64. Three of the carrier head systems receive and hold 
substrates, and polish them by pressing them against the 
polishing sheet of station 25a and the polishing pads of 
stations 25b and 250. One of the carrier head systems 
receives a substrate from and delivers a substrate to transfer 
station 27. 

[0061] Each carrier head system includes a carrier or 
carrier head 80. A carrier drive shaft 78 connects a carrier 
head rotation motor 76 (shoWn by the removal of one quarter 
of the carousel cover) to carrier head 80 so that each carrier 
head can independently rotate about its oWn axis. In addi 
tion, each carrier head 80 independently laterally oscillates 
in a radial slot 72 formed in carousel support plate 66. 

[0062] The carrier head 80 performs several mechanical 
functions. Generally, the carrier head holds the substrate 
against the polishing surface, evenly distributes a doWnWard 
pressure across the back surface of the substrate, transfers 
torque from the drive shaft to the substrate, and ensures that 
the substrate does not slip out from beneath the carrier head 
during polishing operations. A description of a suitable 
carrier head may be found in Us. Pat. Nos. 6,183,354 and 
6,857,945, ?led May 21, 1997, the entire disclosures of 
Which are incorporated herein by reference. 

[0063] Referring to FIGS. 3A, 3B, and 3C, polishing 
cartridge 102 is detachably secured to rectangular platen 100 
at polishing station 2511. Polishing cartridge 102 includes a 
feed roller 130, a take-up roller 132, and a generally linear 
sheet or belt 110 of a polishing pad material. An unused or 
a fresh portion 120 of the polishing sheet is Wrapped around 
feed roller 130, and a used portion 122 of the polishing sheet 
is Wrapped around take-up roller 132. A rectangular exposed 
portion 124 of the polishing sheet that is used to polish 
substrates extends betWeen the used and unused portions 
120, 122 over a top surface 140 of rectangular platen 100. 












