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DESCRIPTION
Title of Invention
SUBSTRATE HOLDING APPARATUS AND METHOD OF MANUFACTRING
A DRIVE RING

Technical Field

[0001] The present invention relates to a substhatieling apparatus for holding a
substrate, such as a wafer, and more particularly gubstrate holding apparatus used to
polish a surface of the substrate by pressingubstgate against a polishing tool, such as
a polishing pad. Further, the present inventidates to a method of manufacturing a
drive ring used in the substrate holding apparatus.

Background Art

[0002] In fabrication processes of a semiconductevice, a polishing apparatus is
widely used to polish a surface of a wafer. Thkspng apparatus of this type includes
a polishing table supporting a polishing pad havangolishing surface, a substrate
holding apparatus called a polishing head for mgdihe wafer, and a polishing liquid
supply nozzle for supplying a polishing liquid orni@ polishing surface.

[0003] The polishing apparatus polishes the wagefadlows. The polishing table is
rotated together with the polishing pad, while gwishing liquid is supplied from the
polishing liquid supply nozzle onto the polishingrface. The wafer is held by the
substrate holding apparatus, and the wafer isewtabout its axis. In this state, the
substrate holding apparatus presses the surfaite avafer against the polishing surface
of the polishing pad so that the surface of theewaf placed in sliding contact with the
polishing surface in the presence of the polisHiqgid. The surface of the wafer is
planarized by a mechanical action of abrasive graomtained in the polishing liquid and
a chemical action of the polishing liquid. SucHigiong apparatus is called a CMP
(chemical mechanical polishing) apparatus.

[0004] During polishing of the wafer, a frictionfdrce acts on the wafer, because the
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surface of the wafer is in sliding contact with tta¢ating polishing pad. Therefore, in
order to prevent the wafer from disengaging from shbstrate holding apparatus during
polishing of the wafer, the substrate holding apper includes a retainer ring. This
retainer ring is arranged so as to surround theenvaind is configured to press the
polishing pad outside the wafer. The substratdihglapparatus further includes a drive
ring for transmitting a torque to the retainer riagd the retainer ring is fixed to the drive
ring.

Citation List

Patent Literature

[0005] Patent document 1: Japanese laid-open patdafication No. 2017-74639
Summary of Invention

Technical Problem

[0006] In addition to a role of preventing the wafimm disengaging from the substrate
holding apparatus during polishing of the wafer tetainer ring also has a role of
controlling a polishing rate of a periphery of tlvafer by controlling a rebound amount
of the polishing pad. However, if a pressure auplfrom the retainer ring to the
polishing pad is non-uniform in a circumferentiatedtion, a repulsive force of the
polishing pad applied to the wafer also becomes-uroform in the circumferential
direction depending on the non-uniform pressurehis hon-uniformity of the pressure
applied from the retainer ring to the polishing padhe circumferential direction is one
of factors causing variation in a polishing ratéha circumferential direction of the wafer.
[0007] Therefore, it is an object of the presememtion to provide a substrate holding
apparatus which can suppress a variation in palishate in a circumferential direction of
a substrate, such as a wafer. Further, anothexcblof the present invention is to
provide a method of manufacturing a drive ring useslich a substrate holding apparatus.
Solution to Problem

[0008] In an embodiment, there is provided a sabstholding apparatus comprising: a

polishing head body; a drive ring disposed belog fblishing head body; and a retainer
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ring fixed to the drive ring, wherein the drive githas an annular contact surface that
contacts the retainer ring, the contact surfaceah@ftness of not more than 46 in a
circumferential direction of the contact surfaceg @ahe flatness represents a difference in
a height between a highest position and a lowestipo of the contact surface.

[0009] In an embodiment, an inner area of the adrgarface has a flatness of not more
than 4.6um in the circumferential direction of the contagtface, and the inner area is an
area including an innermost edge of the contadaser

In an embodiment, an outer area of the contaéaseihas a flatness of not more
than 4.6um in the circumferential direction of the contagtface, and the outer area is an
area including an outermost edge of the contacaser

In an embodiment, an intermediate area of theaobrgurface has a flatness of
not more than 4.eum in the circumferential direction of the contacirface, and the
intermediate area is located radially outwardhanfinnermost edge of the contact surface
and radially inwardly of an outermost edge of tbatact surface.

In an embodiment, the substrate holding appardtusher comprising
reinforcing pins inserted into the retainer ringldixed to a lower portion of the drive
ring, the reinforcing pins being arranged aparinfreach other along the circumferential
direction.

In an embodimentthe substrate holding apparatfisther comprises spherical
bearing configured to tiltably support the drivegiand the retainer ring.

In an embodiment, a rigidity of the drive ringgseater than a rigidity of the
retainer ring.

[0010] In an embodiment, there is provided a metbiothanufacturing a drive ring used
in a substrate holding apparatus configured tospeesubstrate against a polishing pad,
comprising: polishing a contact surface of the @mnwvg such that a flatness of the contact
surface in a circumferential direction is not mtvan 4.6um, wherein the contact surface
is an annular contact surface that contacts tteenest ring used in the substrate holding

apparatus, and the flatness represents a diffeiaredeight between a highest position
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and a lowest position of the contact surface.
[0011] In an embodiment, polishing the contact atef such that the flatness is not
more than 4.6um comprises: grinding the contact surface of thgedring; and then
polishing the contact surface until the flatnessobees 4.6um or less by relatively
moving the drive ring and a polishing tool whileegsing the contact surface against the
polishing tool in the presence of abrasive graiesvieen the drive ring and the polishing
tool.
Advantageous Effects of Invention
[0012] The contact surface of the drive ring idlasas 4.6um, so that non-uniformity
of a pressure in the circumferential direction &aplfrom the retainer ring to the
polishing pad can be suppressed. As a result,sthestrate holding apparatus can
suppress a variation in a polishing rate in a arf@rential direction of the substrate.
Brief Description of Drawings
[0013] FIG. 1 is a schematic view showing a pohighapparatus including a substrate
holding apparatus according to an embodiment opteeent invention;

FIG. 2 is a view showing a detailed structurehef polishing apparatus;

FIG. 3 is a cross-sectional view of a polishingdhehown in FIG. 1;

FIG. 4 is a cross-sectional view of a drive rimgl @ retainer ring;

FIG. 5 is a bottom view of the drive ring;

FIG. 6 is a side view schematically showing aesiatwhich the retainer ring
presses a polishing surface of a polishing pad,;

FIG. 7A is a cross-sectional view taken along a4 in FIG. 6;

FIG. 7B is a cross-sectional view taken along BaB in FIG. 6;

FIG. 8A is a diagram showing an example of a vamain height in a
circumferential direction of a contact surface afrave ring;

FIG. 8B is a diagram showing a polishing rate pkaphery of a wafer when the
drive ring of FIG. 8A is used;

FIG. 9A is a diagram showing an example of a Wamain height in a
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circumferential direction of a contact surfaceldd tirive ring in this embodiment;

FIG. 9B is a diagram showing a polishing rate gfesiphery of a wafer in this
embodiment;

FIG. 10 is a graph showing a relationship betweenflatness in the
circumferential direction of the contact surfacetlué drive ring and the variation in the
polishing rate in the circumferential directiontbé periphery of the wafer;

FIG. 11 is a flowchart describing a method of nfanturing the drive ring;

FIG. 12 is a cross-sectional view of another entbedt of the polishing head;

FIG. 13 is a plan view showing the drive ring ancoupling member;

FIG. 14 is a view of a spherical bearing;

FIG. 15A is a view showing the manner in which tt@upling member is
vertically moved relative to the spherical bearing;

FIG. 15B is a view showing the manner in which twpling member tilts
together with an inner bearing ring;

FIG. 15C is a view showing the manner in which teipling member tilts
together with an inner bearing ring;

FIG. 16 is an enlarged cross-sectional view oftlagroexample of the spherical
bearing;

FIG. 17A is a view showing the manner in which tt@upling member is
vertically moved relative to the spherical bearing;

FIG. 17B is a view showing the manner in which twapling member tilts
together with an intermediate bearing ring;

FIG. 17C is a view showing the manner in which teipling member tilts
together with an intermediate bearing ring;

FIG. 18A is a cross-sectional view of the drivegriand the retainer ring shown
in FIG. 12; and

FIG. 18B is a bottom view showing a part of therelring shown in FIG 12.
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Description of Embodiments

[0014] Embodiments of the present invention willdescribed below with reference to
the drawings. FIG. 1 is a schematic view showingolishing apparatus including a
substrate holding apparatus according to an emlediof the present invention. As
shown in FIG. 1, the polishing apparatus includepolishing head 1 as a substrate
holding apparatus for holding and rotating a wafgrwhich is an example of a substrate,
a polishing table 3 for supporting a polishing gadhereon, a polishing liquid supply
nozzle 5 for supplying a polishing liquid (e.g.ursy) onto the polishing pad 2, and a
film-thickness sensor 7 for obtaining a film thigss signal that varies according to a
film thickness of the wafer W. The film-thicknessnsor 7 is disposed in the polishing
table 3 and generates the film thickness signahuaitiple regions, including a central
region, of the wafer W every time the polishingléa® makes one revolution. Examples
of the film-thickness sensor 7 include an optieadsor and an eddy current sensor.
[0015] The polishing head 1 is configured to beeabl hold the wafer W on its lower
surface by vacuum suction. The polishing headdLtha polishing table 3 rotate in the
same direction as indicated by arrows. In thisestdne polishing head 1 presses the
wafer W against a polishing surface 2a of the polig pad 2. The polishing liquid is
supplied from the polishing liquid supply nozzlebto the polishing pad 2, so that the
wafer W is polished by sliding contact with the ipbing pad 2 in the presence of the
polishing liquid. During polishing of the wafer Whe film-thickness sensor 7 rotates
together with the polishing table 3 and generdieditm thickness signal while sweeping
across a surface of the wafer W as shown by a slyfboThis film thickness signal is
an index value indicating the film thickness dihgcbr indirectly, and varies in
accordance with a decrease in the film thicknesthefwafer W. The film-thickness
sensor 7 is coupled to a polishing controller 9tlsat the film thickness signal is
transmitted to the polishing controller 9. Thisliglmng controller 9 is configured to
terminate polishing of the wafer W when the filmc#tmess of the wafer W, which is

indicated by the film thickness signal, has reach@dedetermined target value.
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[0016] FIG. 2 is a view showing a detailed struetof the polishing apparatus. The
polishing table 3 is coupled to a motor 13 throaghble shaft 3a and is rotated about the
table shaft 3a by the motor 13 which is disposeldvibehe polishing table 3. The
polishing pad 2 is attached to an upper surfac¢hefpolishing table 3. An upper
surface of the polishing pad 2 provides the patighiurface 2a for polishing the wafer W.
When the polishing table 3 is rotated by the mdt8y the polishing surface 2a moves
relative to the polishing head 1. Therefore, th@an13 serves as a polishing surface
moving mechanism for moving the polishing surfaaéh@rizontally.

[0017] The polishing head 1 is coupled to a potighihead shaft 11, which is movable
vertically relative to a polishing head oscillatiaarm 16 by a vertically moving
mechanism 27. A vertical movement and positionifighe polishing head 1 in its
entirety relative to the polishing head oscillatiarm 16 are achieved by the vertical
movement of the polishing head shaft 11. A rofjamt 25 is mounted to an upper end
of the polishing head shaft 11.

[0018] The vertically moving mechanism 27 for eliéwg and lowering the polishing
head shaft 11 and the polishing head 1 includesdgéd 28 for rotatably supporting the
polishing head shaft 11 through a bearing 26, bsoca¢éw 32 mounted to the bridge 28, a
support base 29 supported by pillars 30, and abs&stor 38 mounted to the support base
29. The support base 29 for supporting the serton®8 is secured to the polishing
head oscillation arm 16 through the pillars 30.

[0019] The ball screw 32 has a screw shaft 32aledujp the servomotor 38 and a nut
32b which is in engagement with the screw shaft 3Z&he polishing head shaft 11 is
configured to move vertically together with the dge 28. Therefore, when the
servomotor 38 is set in motion, the bridge 28 moxazsically through the ball screw 32
to cause the polishing head shaft 11 and the pogdtead 1 to move vertically.

[0020] The polishing head shaft 11 is further cedplo a rotary cylinder 12 through a
key (not shown). This rotary cylinder 12 has ainign pulley 14 on its outer

circumferential surface. A polishing head motor i$8secured to the polishing head
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oscillation arm 16, and a timing pulley 20 is mahto the polishing head motor 18.
The timing pulley 14 is coupled to the timing pyll20 through a timing belt 19. With
these configurations, rotation of the polishingheaotor 18 is transmitted to the rotary
cylinder 12 and the polishing head shaft 11 throtightiming pulley 20, the timing belt
19, and the timing pulley 14 to rotate the rotaylincler 12 and the polishing head shaft
11 in unison, thus rotating the polishing head auahits own axis. The polishing head
motor 18, the timing pulley 20, the timing belt Ehd the timing pulley 14 constitute a
rotating mechanism for rotating the polishing hé&aabout its own axis. The polishing
head oscillation arm 16 is supported by a suppg@tt21 which is rotatably supported by
a frame (not shown). The polishing head 1 is curd to hold a substrate, such as the
wafer W, on its lower surface. The polishing headillation arm 16 is configured to be
able to pivot around the support shaft 21.

[0021] The wafer W is polished as follows. Theiglnhg head 1 and the polishing
table 3 are rotated individually, and the polishiioggiid is supplied onto the polishing pad
2 from the polishing liquid supply nozzle 5 providabove the polishing table 3. The
polishing head 1 holding the wafer W on its lowarface is moved from a receiving
position of the wafer W to a position above theigiohg table 3 by the rotation of the
polishing head oscillation arm 16. Then, the potig head 1 is lowered and the wafer
W is pressed against the polishing surface 2a @fptilishing pad 2. The wafer W is
placed in sliding contact with the polishing suda2a in the presence of the polishing
liquid. The surface of the wafer W is planarized @& mechanical action of abrasive
grains contained in the polishing liquid and a cloafraction of the polishing liquid.

[0022] Next, the polishing head 1 constituting théostrate holding apparatus will be
described below. FIG. 3 is a cross-sectional wwéthe polishing head 1 shown in FIG.
1. As shown in FIG. 3, the polishing head 1 inelsichn elastic membrane 45 for
pressing the wafer W against the polishing surize®f the polishing pad 2, a polishing
head body 10 that holds the elastic membrane 4baarannular drive ring 81 disposed

below the polishing head body 10, and an annul@imer ring 40 fixed to the lower
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surface of the drive ring 81. The elastic membriéhés attached to the lower portion of
the polishing head body 10. The polishing headybdd is fixed to an end of the
polishing head shaft 11. The polishing head bddlyttie elastic membrane 45, the drive
ring 81, and the retainer ring 40 are configuredatate together by the rotation of the
polishing head shaft 11. The retainer ring 40 toeddrive ring 81 are configured to be
vertically movable relative to the polishing heautlp 10. The polishing head body 10
is made of resin, such as engineering plastic, (BEBEK).

[0023] Four pressure chambers 50, 51, 52, and &3pryvided between the elastic
membrane 45 and the polishing head body 10. Tasspre chambers 50, 51, 52, and
53 are formed by the elastic membrane 45 and thehptg head body 10. The central
pressure chamber 50 has a circular shape, andhtbepressure chambers 51, 52, and 53
have an annular shape. These pressure chambesd, R, and 53 are in a concentric
arrangement.

[0024] Gas delivery lines F1, F2, F3, and F4 angpted to the pressure chambers 50,
51, 52, and 53, respectively. One end of eacthefgas delivery lines F1, F2, F3, and
F4 is coupled to a compressed-gas supply sourdeslioavn), which is provided as one of
utilities in a factory in which the polishing apptus is installed. A compressed gas,
such as compressed air, is supplied into the presfiambers 50, 51, 52, and 53 through
the gas delivery lines F1, F2, F3, and F4, respelgti

[0025] The gas delivery line F3, which communicakéth the pressure chamber 52, is
coupled to a vacuum line (not shown), so that aivaccan be formed in the pressure
chamber 52. The elastic membrane 45 has an opemirgg portion that forms the
pressure chamber 52, so that the wafer W can loeblyaghe polishing head 1 via vacuum
suction by producing a vacuum in the pressure clea®®. Further, the wafer W can be
released from the polishing head 1 by supplying dbenpressed gas into the pressure
chamber 52. The elastic membrane 45 is made aftdyhstrong and durable rubber
material, such as ethylene propylene rubber (EPPbIyurethane rubber, silicone rubber,

or the like.
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[0026] The retainer ring 40 is arranged arounddlastic membrane 45. The retainer
ring 40 is an annular member that contacts thespiolg surface 2a of the polishing pad 2.
The retainer ring 40 is arranged so as to surr@updripheral edge of the wafer W, and
prevents the wafer W from being ejected from thkspimg head 1 during polishing of
the wafer W.

[0027] The drive ring 81 has an upper portion whigltoupled to an annular retainer
ring pressing mechanism 60. The retainer ringgimmgsmechanism 60 is configured to
exert a downward load on the entirety of an uppeiase 40b of the retainer ring 40 via
the drive ring 81 to thereby press a lower surté@a of the retainer ring 40 against the
polishing surface 2a of the polishing pad 2.

[0028] The retainer ring pressing mechanism 60uithe$s an annular piston 61 secured
to an upper portion of the drive ring 81, and anudar rolling diaphragm 62 coupled to
an upper surface of the piston 61. A retainer grgssure chamber 63 is formed inside
the rolling diaphragm 62. This retainer ring pregeschamber 63 is coupled to the
compressed-gas supply source through a gas deliveryr5. The compressed gas is
supplied into the retainer ring pressure chambehf8igh the gas delivery line F5.

[0029] When the compressed gas is supplied fromctmpressed-gas supply source
into the retainer ring pressure chamber 63, thingodiaphragm 62 pushes down the
piston 61, the piston 61 pushes down the drive 8thgand the drive ring 81 pushes down
the entire retainer ring 40. In this manner, te&iner ring pressing mechanism 60
presses the lower surface 40a of the retainerdihggainst the polishing surface 2a of the
polishing pad 2.

[0030] The drive ring 81 is removably coupled te tietainer ring pressing mechanism
60. More specifically, the piston 61 and the drivey 81 are mechanically coupled by a
fastening member or the like. The fastening memmb&y be a resin fixing member, a
magnet, or a metal bolt.

[0031] The gas delivery lines F1, F2, F3, F4, afdextend via the rotary joint 25
attached to the polishing head shaft 11. The géisady lines F1, F2, F3, F4, and F5,

10
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communicating with the pressure chambers 50, 51532and the retainer ring pressure
chamber 63, respectively, are provided with pressegulators R1, R2, R3, R4, and R5,
respectively. The compressed gas from the comgulegas supply source is supplied
through the pressure regulators R1 to R5 into tiesgure chambers 50 to 53 and the
retainer ring pressure chamber 63, respectively snuépendently. The pressure
regulators R1 to R5 are configured to regulatepitessures of the compressed gases in
the pressure chambers 50 to 53 and the retairgeprassure chamber 63.

[0032] The pressure regulators R1 to R5 can chamgpendently the pressures in the
pressure chambers 50 to 53 and the retainer riegspre chamber 63 to thereby
independently adjust the polishing pressures ageorsesponding four areas of the wafer
W, i.e., a central portion; an inner intermediabetipon; an outer intermediate portion; and
an edge portion, and a pressing force of the retaing 40 against the polishing pad 2.
The gas delivery lines F1, F2, F3, F4 and F5 argled to vent valves (not shown),
respectively, so that the pressure chambers 503t@risl the retainer ring pressure
chamber 63 can be vented to the atmosphere. Tdmticelmembrane 45 in this
embodiment defines the four pressure chambers 53,tavhile, in one embodiment, the
elastic membrane 45 may define less than four presshambers or more than four
pressure chambers.

[0033] FIG. 4 is a cross-sectional view of the driing 81 and the retainer ring 40, and
FIG. 5 is a bottom view of the drive ring 81. Awwn in FIGS. 4 and 5, the drive ring
81 has an annular contact surface 8la that conthetsretainer ring 40. In this
embodiment, a lower surface of the drive ring 8imf® the contact surface 8la. The
upper surface 40b of the retainer ring 40 is fikethe lower surface (the contact surface
81a) of the drive ring 81. More specifically, agality of threaded holes 40c into which
a plurality of bolts 84 are respectively screwed formed in the upper surface of the
retainer ring 40. A plurality of through-holes &hfough which the bolts 84 extend are
formed in the drive ring 81. In FIG. 4, only ofedugh-hole 81f, one threaded hole 40c,
and one bolt 84 are depicted. The bolts 84 arewsx through the through-holes 81f

11
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into the threaded holes 40c, respectively, sotti@tupper surface 40b of the retainer ring
40 is fixed to the lower surface (the contact szef@la) of the drive ring 81.

[0034] The contact surface 81a of the drive rings8flat in a circumferential direction
of the drive ring 81. More specifically, a flatises the circumferential direction of the
contact surface 81a is not more thanh@ In this specification, the flatness is defined
as a difference in height between the highest iposiind the lowest position of the
contact surface 81a. In this embodiment, the absiarface 81a has three areas, and the
flatness of each area in the circumferential dioects not more than 466m. The three
areas are an inner area 81b, an outer area 8l@namtiermediate area 81d. As shown
in FIG. 5, The inner area 81b is an area includingnnermost edge of the contact surface
8la. The outer area 81c is an area including &rmost edge of the contact surface
8la. The intermediate area 81d is an area lodattleen the inner area 81b and the
outer area 81c. Specifically, the intermediatead@#d is located radially outwardly of
the innermost edge of the contact surface 81la, lacated radially inwardly of the
outermost edge of the contact surface 8la. Inetmbodiment, the inner area 81b, the
intermediate area 81d, and the outer area 81cthaveame width, but may have different
widths.

[0035] In this embodiment, the flatness in the winderential direction of the contact
surface 81a is 4.6m or less over the entire contact surface 8laifi.the inner area 81b,
the intermediate area 81d, and the outer area 81lc)one embodiment, the flatness of
the contact surface 81a in its circumferential cti;m may be 4.um or less in at least
one of the inner area 81b, the intermediate arda&1id the outer area 81c.

[0036] FIG. 6 is a side view schematically showingtate in which the retainer ring 40
presses the polishing surface 2a of the polishaty2 A rigidity of the drive ring 81 is
greater than a rigidity of the retainer ring 40.hefefore, as shown in FIG. 6, when the
retainer ring 40 is fixed to the drive ring 81, gha of the upper surface 40b and the lower
surface 40a of the retainer ring 40 follow a shapthe contact surface 81a of the drive

ring 81. Examples of material of the drive ring B8y include stainless steel and
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ceramic. An example of material of the retainegrd0 may include poly phenylene
sulfide (PPS) resin.

[0037] FIG. 7A is a cross-sectional view taken gldine A-A in FIG. 6. FIG. 7B is a
cross-sectional view taken along line B-B in FIG. &\ pressure applied from the
retainer ring 40 to the polishing surface 2a of péshing pad 2 may change depending
on the shape of the contact surface 81a of theedimg 81. Specifically, as shown in
FIGS. 7A and 7B, the lower the position of the eatisurface 81a, the lower the position
of the retainer ring 40, resulting in an increasehe pressure applied from the retainer
ring 40 to the polishing surface 2a of the polighpad 2 (i.e., a pushing amount of the
polishing pad 2).

[0038] As shown in FIGS. 7A and 7B, when the regainng 40 is pressed against the
polishing pad 2, the polishing surface 2a of thissphong pad 2 is dented and other portion
of the polishing surface 2a is raised upward. T&iged portion of the polishing surface
2a applies an upward force to a periphery of thieed/. In the following descriptions,
this upward force will be referred to as a repuwsferce. The repulsive force of the
polishing pad 2 applied to the wafer W dependshenpressure applied to the polishing
pad 2 from the retainer ring 40. Therefore, thapshof the contact surface 81a of the
drive ring 81 affects the repulsive force agaihstperiphery of the wafer W.

[0039] The pressure applied from the retainer Adgto the polishing pad 2 shown in
FIG. 7A is larger than the pressure applied froereitainer ring 40 to the polishing pad 2
shown in FIG. 7B, and the repulsive force of théghing pad 2applied to the periphery
of the wafer W shown in FIG. 7A is larger than tepulsive force of the polishing pad 2
applied to the periphery of the wafer W shown iGFYB. When the repulsive force of
the polishing pad 2 against the periphery of theewd/ increases, a polishing rate of that
portion of the wafer W increases. When the repaldorce of the polishing pad 2
against the periphery of the wafer W decreasespdtiishing rate of that portion of the
wafer W decreases. Therefore, the polishing rathe periphery of the wafer W may

change depending on the shape of the contact susfiec of the drive ring 81.
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[0040] FIG. 8A is a diagram showing an example ofvaiation in height in a
circumferential direction of a contact surface ofiive ring. FIG. 8B is a diagram
showing a polishing rate of a periphery of a wavben the drive ring of FIG. 8A is used.
Vertical axis of FIG. 8A represents height of tletact surface of the drive ring from a
virtual reference plane. Horizontal axis of FIGA Bepresents angle from a reference
point on the contact surface of the drive ring. e Tlatness of the contact surface of the
drive ring in the circumferential direction in FIBA is 14um. Vertical axis of FIG. 8B
represents polishing rate of the periphery of ttedew and horizontal axis of FIG. 8B
represents angle from a reference point on theplpery of the wafer. The reference
point in FIG. 8A and the reference point in FIG. &8ncide in a radial direction.

[0041] FIG. 9A is a diagram showing an example ofaaiation in height in the
circumferential direction of the contact surfaca & the drive ring 81 according to the
embodiment. FIG. 9B is a diagram showing the polg rate of the periphery of the
wafer W according to the embodiment. Vertical afi&IG. 9A represents height of the
contact surface 81a of the drive ring 81 from aual reference plane. Horizontal axis
of FIG. 9A represents angle from a reference pamnthe contact surface 81a of the drive
ring 81. A flatness of the contact surface 81#hefdrive ring 81 in the circumferential
direction in FIG. 9A is not more than 46n. Vertical axis of FIG. 9B represents
polishing rate of the periphery of the wafer W, dmdizontal axis of FIG. 9B represents
angle from a reference point on the periphery efwafer W. The reference point in
FIG. 9A and the reference point in FIG. 9B coindida radial direction.

[0042] As shown in FIGS. 8A, 8B, 9A, and 9B, a phing rate of a periphery of a
wafer may vary in a circumferential direction degieiy on a shape of a contact surface
of a drive ring in a circumferential direction. drefore, when the flatness of the contact
surface of the drive ring in the circumferentiatedtion is large, the variation in the
polishing rate in the circumferential directiontbe periphery of the wafer is large, and
when the flatness of the contact surface of theediing in the circumferential direction is

small, the variation in the polishing rate in thecemferential direction of the periphery
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of the wafer is small.

[0043] The upper limit of the flatness, 4ufn, is determined based on a magnitude of
the variation in polishing rate in a periphery oivafer. FIG. 10 is a graph showing a
relationship between the flatness of the contacfase of the drive ring in the
circumferential direction and the variation in tpelishing rate in the circumferential
direction of the periphery of the wafer. The waised in FIG. 10 is a blanket wafer for
testing having a film, such as an oxide film, umfdy formed on an entire surface of a
silicon wafer. Horizontal axis of FIG. 10 repretethe flatness of the contact surface of
the drive ring in the circumferential direction. eNical axis of FIG. 10 represents
magnitude of the variation in polishing rate iniecemferential direction of a periphery

of the test wafer. More specifically, the valuetba vertical axis in FIG. 10 is given by

N
1$°3% 100%
NS R4

where N is the number of wafers,is a standard deviation of a polishing rate distied

in the circumferential direction of i-th wafer, aiRh; is an average of the polishing rate
of the i-th wafer.

[0044] As shown in FIG. 10, the magnitude of theiat#on in the polishing rate hardly
changes when the flatness of the contact surfa¢keoflrive ring in the circumferential
direction is 4.6um or less. From these measurement results, ttreedls of the contact
surface 81a of the drive ring 81 in the circumféigrdirection was determined to be not
more than 4.Gum.

[0045] As described above, in this embodiment,flimess of the contact surface 81a
in the circumferential direction is 416n or less over the entire contact surface 813 (i.e.
in the inner area 81b, the intermediate area &idl tlae outer area 81c shown in FIG. 5).
As can be seen from FIGS. 7A and 7B, the polishatg of the periphery of the wafer W
is affected by a pressure of an inner portion efritainer ring 40 against the polishing
pad 2. Therefore, in one embodiment, the flatmest least the inner area 81b in the

circumferential direction is 4.pm or less.
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[0046] The drive ring 81 is manufactured by polighthe contact surface 81a such that
the flatness of the contact surface 81a in theuniferential direction is 4.6m or less.
One embodiment of a method of manufacturing theedring 81 will be described with
reference to a flowchart shown in FIG. 11. Fitee contact surface 81la of the drive
ring 81 is roughly ground by a grinding processf§st). An example of such a grinding
process may include lathe process.

[0047] Next, the contact surface 8la of the driieg r81 is polished by a lapping

apparatus for finish polishing until the flatnesé the contact surface 8la in the

circumferential direction becomes 4uf or less (step 2). More specifically, in a state
in which abrasive grains are present between tive dng 81 and a polishing tool of the
lapping apparatus, the contact surface 81a istmali®y relatively moving the drive ring

81 and the polishing tool while pressing the contagface 8la of the drive ring 81

against the polishing tool (step 2).

[0048] After the contact surface 81a is polishée, fiatness of the contact surface 8la

in the circumferential direction is measured (2gp When the flatness is 4ufn or less,

a series of manufacturing steps is completed. Wherflatness is larger than 4uén,

the step 2 is repeated again to further polistctimtact surface 81a.

[0049] Measuring of the flatness of the contactfae 8la in the circumferential

direction is performed in each circumferential diren at three or more positions in the

radial direction. Such measuring is performed eddptermined intervals on each
circumference. The interval is determined basedhenintervals between the plurality

of bolts 84 that fix the retainer ring 40 and tmeel ring 81.

[0050] In one embodiment, regardless of the ragleition of the contact surface 81a,
the flatness in the circumferential direction ma&y46um or less at any radial position.
Furthermore, in one embodiment, the flatness ofpradetermined circumference of the
contact surface 81a may be 4r6.

[0051] FIG. 12 is a cross-sectional view of anotli@bodiment of the polishing head 1.

Structures, which will not be described particylan this embodiment, are identical to
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those of the embodiment described with referendel®6. 1 through 10, and repetitive
descriptions thereof are omitted. The polishingchbody 10 of this embodiment has a
circular flange 41, a spacer 42 mounted to a Iaueface of the flange 41, and a carrier
43 mounted to a lower surface of the spacer 42.e flénge 41 is coupled to the
polishing head shaft 11. The carrier 43 is couptethe flange 41 via the spacer 42, so
that the flange 41, the spacer 42, and the catBemtate and vertically move together.
The polishing head body 10, which is constructedheyflange 41, the spacer 42, and the
carrier 43, is made of resin, such as engineetiasfip (e.g., PEEK). The flange 41 may
be made of metal, such as SUS, aluminum, or tlee lik

[0052] The retainer ring 40 is coupled to a splariearing 85 through the drive ring
81 and a coupling member 75. The spherical be&ig disposed radially inwardly of
the retainer ring 40. FIG. 13 is a plan view shayvihe drive ring 81 and the coupling
member 75. As shown in FIG. 13, the coupling mentieincludes a shaft portion 76
disposed centrally in the polishing head body 1i0ula 77 secured to the shaft portion 76,
and a plurality of spokes 78 extending radiallyrirthe hub 77.

[0053] The spokes 78 have ends fixed to the hula@d have the other ends fixed to the
drive ring 81. The hub 77, the spokes 78, anddtinge ring 81 are formed integrally.
Plural pairs of drive pins 80 and 80 are securetthéocarrier 43. The drive pins 80 and
80 of each pair are arranged on both sides of spoke 78. The rotation of the carrier
43 is transmitted to the drive ring 81 and theinetaring 40 via the drive pins 80 and 80
to thereby rotate the polishing head body 10 aedrdétainer ring 40 together with each
other.

[0054] As shown in FIG. 12, the shaft portion 7@egxis in the vertical direction in the
spherical bearing 85. As shown in FIG. 13, theriear43 has a plurality of radial
grooves 43a in which the spokes 78 are disposeshectively. Each spoke 78 is
movable freely in the vertical direction in eaclogre 43a. The shaft portion 76 of the
coupling member 75 is supported by the sphericafibg 85 such that the shaft portion

76 can move in the vertical direction. The splariearing 85 is located at the center of
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the polishing head body 10. With these configoratj the coupling member 75, and the
drive ring 81 and the retainer ring 40, which are coupled tociwgpling member 75, are
thus vertically movable relative to the polishirgpd body 10. Further, the drive ring 81
and the retainer ring 40 are tiltably supportedigyspherical bearing 85.

[0055] FIG. 14 is a view of the spherical beariftg 8 The shaft portion 76 is secured to
the hub 77 by a plurality of screws 79. The spaftion 76 has a vertically extending
through-hole 88 formed therein. This through-héfleacts as an air vent hole when the
shaft portion 76 moves vertically relative to thgherical bearing 85. Therefore, the
retainer ring 40 can move smoothly in the vertdiakction relative to the polishing head
body 10.

[0056] The spherical bearing 85 includes an annudaer bearing ring 101, and an
annular outer bearing ring 102 which slidably supgpan outer circumferential surface of
the inner bearing ring 101. The inner bearing 04 is coupled to the drive ring 81
and the retainer ring 40 through the coupling memthe The outer bearing ring 102 is
secured to a support member 103, which is secwettha carrier 43. The support
member 103 is disposed in a recess 43b of theecd3i

[0057] The outer circumferential surface of theanmearing ring 101 has a spherical
shape whose upper and lower portions are cut @&fcentral point (fulcrum) O of this
spherical shape is located at the center of theribearing ring 101. The outer bearing
ring 102 has an inner circumferential surface whgch concave surface shaped so as to
fit the outer circumferential surface of the inbearing ring 101, so that the outer bearing
ring 102 slidably supports the inner bearing ri®.1 Therefore, the inner bearing ring
101 is tiltable in all directions (360°) relative the outer bearing ring 102.

[0058] The inner bearing ring 101 has an innerurirterential surface which forms a
through-hole 10l1a in which the shaft portion 76nserted. The shaft portion 76 is
movable relative to the inner bearing ring 101 dnlyhe vertical direction. Therefore,
the retainer ring 40, which is coupled to the slpafttion 76, is not allowed to move

laterally. Specifically, the retainer ring 40 ixedd in its lateral position (i.e., its
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horizontal position) by the spherical bearing 83he spherical bearing 85 serves as a
supporting mechanism capable of receiving thedhferce (i.e., the force in the radially
outward direction of the wafer) applied from thefevato the retainer ring 40 due to the
friction between the wafer and the polishing padn® capable of restricting the lateral
movement of the retainer ring 40 (i.e., capabldixahg the horizontal position of the
retainer ring 40) during polishing of the wafer.

[0059] FIG. 15A shows the manner in which the coyplmember 75 is vertically
moved relative to the spherical bearing 85. FIGB and 15C show the manner in
which the coupling member 75 tilts together witle timner bearing ring 101. The
retainer ring 40, which is coupled to the couplimgmber 75, is tiltable around the
fulcrum O together with the inner bearing ring 1&1d is vertically movable relative to
the inner bearing ring 101.

[0060] FIG. 16 is an enlarged cross-sectional vigvanother example of the spherical
bearing 85. As shown in FIG. 16, the sphericalribga85 includes an intermediate
bearing ring 91 coupled to the retainer ring 40 tvia coupling member 75, an outer
bearing ring 92 slidably supporting the intermeglibearing ring 91 from above, and an
inner bearing ring 93 slidably supporting the intediate bearing ring 91 from below.
The intermediate bearing ring 91 is in the fornagdartial spherical shell smaller than an
upper half of a spherical shell. The intermedtzaring ring 91 is sandwiched between
the outer bearing ring 92 and the inner bearing 8.

[0061] The outer bearing ring 92 is disposed inrgmess 43b. The outer bearing ring
92 has a flange portion 92a on its outer circunmigaésurface. The flange portion 92a
is secured to a step of the recess 43b by boltssfmmwvn), thereby securing the outer
bearing ring 92 to the carrier 43 and applying gues to the intermediate bearing ring 91
and the inner bearing ring 93. The inner bearing 93 is disposed on a bottom surface
of the recess 43b. This inner bearing ring 93 suppthe intermediate bearing ring 91
upwardly so as to form a gap between a lower searfd¢he intermediate bearing ring 91

and the bottom surface of the recess 43b.
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[0062] The outer bearing ring 92 has an inner serf22b, the intermediate bearing ring
91 has an outer surface 91a and an inner surfdgea@d the inner bearing ring 93 has an
outer surface 93a. Each of these surfaces 92h,%ta and 93a is an approximately
hemispheric surface whose center is representedfolcrum O. The outer surface 91a
of the intermediate bearing ring 91 slidably cotgate inner surface 92b of the outer
bearing ring 92. The inner surface 91b of thermexiate bearing ring 91 slidably
contacts the outer surface 93a of the inner beaiimgy 93. The inner surface 92b
(sliding contact surface) of the outer bearing @2y the outer surface 91a and the inner
surface 91b (sliding contact surfaces) of the mtstiate bearing ring 91, and the outer
surface 93a (sliding contact surface) of the ifmearing ring 93 have a partial spherical
shape smaller than an upper half of a sphericdhcr With these configurations, the
intermediate bearing ring 91 is tiltable in alleditions through 360° relative to the outer
bearing ring 92 and the inner bearing ring 93. fiherum O, which is the center of the
titing movement of the intermediate bearing ring, % located below the spherical
bearing 85.

[0063] The outer bearing ring 92, the intermedktaaring ring 91, and the inner bearing
ring 93 have respective through-holes 92c, 91c,9%8tdformed therein in which the shaft
portion 76 is inserted. There is a gap betweerihttaigh-hole 92c of the outer bearing
ring 92 and the shaft portion 76. Similarly, these gap between the through-hole 93b
of the inner bearing ring 93 and the shaft portiéh The through-hole 91c of the
intermediate bearing ring 91 has a diameter smtilm those of the through-holes 92c
and 93b of the outer bearing ring 92 and the irbearing ring 93 such that the shaft
portion 76 is movable relative to the intermedib&aring ring 91 only in the vertical
direction. Therefore, the retainer ring 40, whishcoupled to the shaft portion 76, is
substantially not allowed to move laterally. Sfieally, the retainer ring 40 is fixed in
its lateral position (i.e., its horizontal posit)doy the spherical bearing 85.

[0064] FIG. 17A shows the manner in which the coyplmember 75 is vertically

moved relative to the spherical bearing 85, andS-I1&/B and 17C show the manner in
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which the coupling member 75 tilts together witle thtermediate bearing ring 91. As
shown in FIGS. 17A through 17C, the retainer rildg which is coupled to the coupling
member 75, is tiltable around the fulcrum O togethith the intermediate bearing ring
91 and is vertically movable relative to the intediate bearing ring 91. The spherical
bearing 85 shown in FIG. 16 is the same as thergglhdearing 85 shown in FIG. 14 in
that the fulcrum O, which is the center of thartdtmovement, is on a central axis of the
retainer ring 40, but differs in that the fulcrums@own in FIG. 16 is located at a position
lower than the fulcrum O shown in FIG. 14. Theesdal bearing 85 shown in FIG. 16
can provide the fulcrum O at the same height ofdhdace of the polishing pad 2 or
lower than the surface of the polishing pad 2.

[0065] FIG. 18A is a cross-sectional view of thévdrring 81 and the retainer ring 40
shown in FIG. 12. FIG. 18B is a bottom view shagvanpart of the drive ring 81 shown
in FIG. 12. A plurality of holes 124 are formed ihe retainer ring 40 along its
circumferential direction (only one hole 124 is wimoin FIG. 18A). More specifically,
these holes 124 are formed in the upper surfaceofiliie retainer ring 40. A plurality
of reinforcing pins 82, which are made of stainlst=el and connectable to the retainer
ring 40, are fixed to a lower portion of the driveg 81. These reinforcing pins 82 are
arranged apart from each other along the circumfiade direction. Each of the
reinforcing pins 82 is inserted into each of théekal24 of the retainer ring 40. The
strength of the retainer ring 40 is reinforced ke treinforcing pins 82. The
configuration of the embodiment described with refee to FIGS. 18A and 18B can be
applied to each of the embodiments described \eférence to FIGS. 1 through 10.
[0066] The flatness of the contact surface 81defdrive ring 81 in the circumferential
direction in each of the above-described embodiments flat as 4.6m, so that non-
uniformity of the pressure in the circumferentiadedtion applied from the retainer ring
40 to the polishing pad 2 can be suppressed. Aesalt, the polishing head 1 can
suppress the variation in the polishing rate ofwlager W in its circumferential direction.

[0067] The previous description of embodimentsrisvigled to enable a person skilled
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in the art to make and use the present inventidforeover, various modifications to
these embodiments will be readily apparent to treisked in the art, and the generic
principles and specific examples defined herein inayapplied to other embodiments.
Therefore, the present invention is not intendedbéo limited to the embodiments
described herein but is to be accorded the widaspes as defined by limitation of the
claims.

Industrial Applicability

[0068] The present invention is applicable to assube holding apparatus used to
polish a surface of a substrate by pressing thstmtb against a polishing tool, such as a
polishing pad. Further, the present inventionpigliaable to a method of manufacturing
a drive ring used in the substrate holding apparatu

Reference Signs List

[0069] 1 polishing head
2 polishing pad
2a polishing surface
3 polishing table
3a table shaft
5 polishing liquid supply nozzle
7 film-thickness sensor
9 polishing controller
10 polishing head body
11 polishing head shaft
12 rotary cylinder
13 motor
14 timing pulley
16 polishing head oscillation arm
18 polishing head motor
19 timing belt
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20
21
25
26
27
28
29
30
32
32a
32b
38
40
40a
40b
40c
41
42
43
45
50, 51, 52, 53
60
61
62
63
75
76
77

timing pulley
support shaft
rotary joint
bearing
vertically moving mechanism
bridge
support base
pillar
ball screw
screw shaft
nut
servomotor
retainer ring
lower surface
upper surface
threaded hole
flange
spacer
carrier
elastic membrane
pressure chamber
retainer ring pressing mechanism
piston
rolling diaphragm
retainer ring pressure chamber
coupling member
shaft portion

hub
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79

80

81

8la
81b
81c
81d

81f

82

84

85

88

91
92,102
93, 101
124

spoke

screw

drive pin

drive ring

contact surface
inner area

outer area
intermediate area
through-hole
reinforcing pin
bolt

spherical bearing
through-hole
intermediate bearing ring
outer bearing ring
inner bearing ring

hole
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CLAIMS

[Claim 1] A substrate holding apparatus comprising:

a polishing head body;

a drive ring disposed below the polishing headybadd

a retainer ring fixed to the drive ring,

wherein the drive ring has an annular contactaserfthat contacts the
retainer ring,

the contact surface has a flatness of not more4t&um in a circumferential
direction of the contact surface, and

the flatness represents a difference in a heighwéden a highest position and

a lowest position of the contact surface.

[Claim 2] The substrate holding apparatus accordlinglaim 1, wherein an inner
area of the contact surface has a flatness of woé ithan 4.6um in the circumferential
direction of the contact surface, and the innea @&ean area including an innermost edge

of the contact surface.

[Claim 3] The substrate holding apparatus accordinglaim 1 or 2, wherein an
outer area of the contact surface has a flathnessobfmore than 4.6um in the
circumferential direction of the contact surfaced dhe outer area is an area including an

outermost edge of the contact surface.

[Claim 4] The substrate holding apparatus accordingny one of claims 1 to 3,
wherein an intermediate area of the contact sutiasea flatness of not more than gro

in the circumferential direction of the contactfage, and the intermediate area is located
radially outwardly of an innermost edge of the eatsurface and radially inwardly of an

outermost edge of the contact surface.
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[Claim 5] The substrate holding apparatus accordingny one of claims 1 to 4,
further comprising reinforcing pins inserted intwetretainer ring and fixed to a lower
portion of the drive ring, the reinforcing pins begiarranged apart from each other along

the circumferential direction.

[Claim 6] The substrate holding apparatus accordingny one of claims 1 to 5,
further comprising spherical bearing configurediti@ably support the drive ring and the

retainer ring.

[Claim 7] The substrate holding apparatus accordingny one of claims 1 to 6,

wherein a rigidity of the drive ring is greater mha rigidity of the retainer ring.

[Claim 8] A method of manufacturing a drive ringedsin a substrate holding
apparatus configured to press a substrate agapwishing pad, comprising:

polishing a contact surface of the drive ring stitit a flatness of the contact
surface in a circumferential direction is not mtiran 4.6um,

wherein the contact surface is an annular consactace that contacts the
retainer ring used in the substrate holding apparand

the flatness represents a difference in a heigiwden a highest position and a

lowest position of the contact surface.

[Claim 9] The method according to claim 8, whenealishing the contact surface
such that the flatness is not more thanir6comprises:

grinding the contact surface of the drive ringi dimen

polishing the contact surface until the flathnegdmes 4.6um or less by
relatively moving the drive ring and a polishingltavhile pressing the contact surface
against the polishing tool in the presence of abeagrains between the drive ring and the

polishing tool.
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