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Background Of The Invention
1. Field Of The Invention

.. This invention relates to polishing and planari-
zation of thin workpieces such as silicon wafers used in

semiconductors.

2. Description Of The Related Art

In machining processes involving polishing or
planarization of thin workpieces, such as silicon sub-
strates or wafers used in integrated circuits, a wafer
is disposed between a carrier or pressure plate and a
rotatable polishing table carrying on its surface a
polishing pad. The pressure plate applies pressure so
as to effect removal of rough spots from the wafer and
to produce a surface of substanfially uniform thickness on

the wafer.
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Backgrognd OF The Invention 1. Field O The I|nvention This

I nvention relates to polishing and planari- zation of thin workpieces such
as silicon wafers used in sem conductors. 2. Description O The Rel ated
Art I n machi ni ng processes involving polishing or planarization
of thin workpieces, such as silicon sub- astrates or wafers used in
Integrated circuits, a wafer is disposed between a carrier or pressure
plate and a rotatable polishing table carrying on its surface a polishing
pad. The pressure plate applies pressure so as to effect renoval of rough
spots fromthe wafer dmhevaplydutkeapelithiéngofppabstast iaclpdes for m

thickness on- {6 W &Esure plate or carrier to which unpolisfed wafers
General ly, the polishing apparatus includes a rlgld.gressune pl ate or

carrier to @RI sHEHhatResWafer agREF aEeSWEPhPEhROIAEBRS grRased t o
be polished #xpoyesi ish tngopadhvngchadnybges ehgaganet héthapeldishing
otatod at GETHERT arT0e Rt raLhE PR el Erar it phpc PRy cen
t he polishi rptadetratedcatvedléfferential velocities to cause relative
lateral motion between the polishing pad and the wafer
front side surfaces. An abrasive slurry, such as a
colloidal silica slurry, is generally provided at the
polishing pad-wafer surface interface'dufing the polishing
operation to aid in the'polishing. _ '

The preferred type of machine with which the
present invention is used includes a rotating-polishing
wheel which is rotatably driven about a vertical axis.
Typically, the polishing wheel comprises a horizontal
ceramic or metallic plaﬁen which can be formed of various
materials, ds is known in the art, and which are available
commercially. Typically, the polishing pad is a blown
polyurethane, such as the IC and GS series of polishing
pads available from Rodel Products cOrporétion of
Scottsdale, Arizona. The hardness and density of the
polishing pad is routinely selected based on the type of
material that is to be polished or planarized. The
polishing pad is rotated about a vertical axis and has an
annular polishing surface on which the work pieces are
placed in confined positions onto which an abrasive slurry,
such as an agueous slurry of silica particles, is pumped.
The joint functions of the pad, the slurry, and -the
relative movements of the components produces a combined
mechanical and chemical process at the wafer surface which
produces a highly flat surface on a wafer. During the
polishing operation the wafers are retained in circular
retaining rings to prevent being dislodged from the wafer
carrier. Conventional retainer rings are made of a rigid
material, such as metal, and are of a size to fit over the

wafers to be polished and the pressure or carrier plate.



front side surfaces. An abrasive slurry, such as a colloidal silica slurry,
is generally provided at the polishing pad-wafer surface interface during
t he polishing operation to aid in the polishing. The preferred
type of machine with which the present invention is used includes a
rotating polishing wheel which is rotatably driven about a vertical axis.
Typically, the polishing wheel conprises a horizontal ceramc or netallic
pl at en which can be fornmed of various materials, as is known in the art,
and which are avail gble commercially. Typically, the polishing pad is a
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Summary Of The Invention

It is a principal object of this invention to
provide a novel device for use in polishing operations.

It is another object of the invention to provide
a novel device for retaining a workpiece in position during
polishing thereof.

It is another object of the invention to provide
a novel device for retaining a workpiece in position during
polishing thereof which device reduces the amount of abra-
sive slurry normally required for a polishing operation.

It is another object of the invention to provide
a novel device for retaining a workpiece in position during
polishing thereof which improves the efficiency of
polishing, particularly polishing of the center portion
of a workpiece.

It is another object of the invention to provide
a novel device for retaining a workpiece in position during
pélishing thereof which exhibits good stability during
polishing.

These and other objects of the present invention
which will become apparent from studying the appended
description and drawings are provided in retainer apparatus
for polishing a workpiece, comprising:



-3 Jhe retaining rings function to prevent the wafers from being
di spl aced fromthe pressure plate. Conventi onal continuous
retaining rings tend to inhibit passage of the abrasive slurry into the
center of the wafer or substrate being polished. Rather, these conventional
retaining rings tend to push the abrasivé slurry away fromthe wafer during
pol i shing which often results in slowng the rate of polishing of the
center portion of a wafer. Al so, |larger anounts of abrasive slurry are
required for a polishing oper mmary O The
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present invention which wll becone_apparent from studyi ng the appended
the internal cavity; and .

the recesses having an inner bpeﬁing of predetermined
size at the inner surface and an outer opening at the outer
surface, of greater size than the inner opening. '

For polishing operations involving thin work-
pieces, this invention provides a device for surrounding
and retaining in place a workpiece during polishing. The
retaining device fits over the pressure plate and workpiece
and is provided on its lower portion with an enlarged
annular extension in which there are a plurality of non-
radial channels extending from the outer periphery to the
inner periphery. The retaining device of the invention
thus acts to direct abrasive slurry into the center of the

workpiece during polishing.

Brief Description Of The Drawings
Figure 1 is a perspective view of typical basic

apparatus for polishing a substrate, such as a silicon
wafer; '

Figure 2 is a plan view of one embodiment of the
retaining device of the invention;

Figure 3 is a sectional view of the retaining
device of the invention taken on the line 3-3 of Figure
2; '

Figure 4 is a bottom view of one embodiment of
the retaining device of the invention;



description and drawi ngs are provided in retainer apparatus for polishing a
wor kpi ece, conpri sing: -4- a
pressure plate portion above the workpiece, for applying dowward pressure
to the workpiece to polish the workpi ece agai nst a polishing surface;

a retainer ring portion having upper anrd5l ewer surfaces, an inner surface
cooperating with the pressure plate to define an internal cavity, and an
outer surface; the lower surface of the retainer ring portion defining
a plurality of recesses.extendiﬂg fromthe ipner surface to_the outer

surface, the recesses Mot it RPYHOR A EY FEPLiRRcECl FAG¥TEnANnat i ng
from a poi ntshawirign driethent esnitadd Dot Yo f attte invehBfonecesses having an

i nner openi ng of predetfermne | ze . | r face_a gut er
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For pol i shi mpkasdmeantoret | thel inventhdm; wor k- pieces, this invention

provides a device forp%ﬁﬁfgqﬁﬂ{g{éﬂg&éé@f@é&ﬁgoﬁglpbgg@ gaw@ﬁkgh%ggkduring

polishing. The retaining device fits over t pressure plate an pi ece
and i s provitdh&d 11 15T RerFHHH%e o with an enl arged annul ar extension in

which there are a pl urRidune 8 i®ra tésliglanheier! ehexeengi ng from t-he
Chvent | on (hus acts. t & APEetS bt doi WP L o B oF REEARBFRSF t he
embodiment of the invention;
Figure 10 is a bottom plan view thereof;
Figure 11 is a cross-sectional view taken along
the line 11-11 of Figure 10; and |
_ Figure 12 is a schematic diagram of a cross-
sectional view of an arrangement similar to that shown in
Figure 11.

Detailed Description Of The Preferred Embodiments
Figure 1 shows schematically basic elements of

typical apparatus for polishing thin workpieces. The
illustrated polishing machine 10 has a stationary frame 12
and a rotatable polishing wheel 14 driven by a motor M to
rotate in the direction of arrow 15 (in Figure 2), about a
center shaft 16 (see Figure 1) having an axis of rotation ¢C
(see Figure 2). A poiishing pad 18 is carried by the top
surface of wheel 14. A power cylinder 20 is mounted on an
overlying portion 22 of the frame 12 and presents a rod or
shaft 24 that rotatably and tiltably supports at its lower
end 25 a pressure plate 28. Operation of the power
cylinder therefore raises the pressure plate with clearance
well above the polishing wheel 14 and lowers the pressure
plate with adjustable forces. The pressure plate 28 is
suited to hold at least one workpiece, such as silicon
wafer 30, which in turn rests against the polishing pad 18.
As shown in Figure 1, a conventional continuous retaining
ring 32 (partially broken away), slightly larger than both
the pressure plate 28 and the outer periphery of wafer 30,



wor kpi ece during polishing. ' Brief Description O The

Dr awi ngs Figure 1 is a perspective view of typical basic
apparatus for polishing a substrate, such as a silicon wafer;

Figure 2 is a plan view of one enbodi nent of the retaining device of the

I nvention; Figure 3 is a sectd @al view of the retaining device
of the invention taken on the line 3-3 of Figure 2; Figure 4is a
bottom vi ew of one enbodi ment of the retaining device of the invention;

- 5- igure 5 is a bottomview simlar to Figure 4 show ng

anot her enbdﬁ}%%nﬁr%¢1Yh@VPﬁv§h?moﬁ° keep the wRfgHSe UBGEY PHSSISWIR pl an
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cross-sectional view taken alon l'ine 7-7 of ure 6; i gure
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anot her enboskhdens8 ofi pbkishyagt wheel 14. Figure 10 is a bottom pl an

view thereof; Figures 2-4 illustrate a retaining ring 38 in

accordance with this invention which, in one embodiment, is
formed in two joinable parts. An upstanding ring portion
40 (which is slightly larger than both the pressure plate
28 and the wafer or wafers 30) fits freely over each to
keep them in polishing position. The upstanding annular
portion 40 of retaining ring 32 is of a height sufficient
to embrace the pressure plate 28 when the ring rests on the
polishing wheel.: As illustrated in Figures 2-4, attached
by means of screws 39 to the bottom surface 48 of the
pressure plate 28 is a relatively wide retaining ring or
annular flange ﬁember 45 which extends outwardly from
pressure plate 28. The flénge member 45 has a plurality of
non-radial channels 46 spaced along its bottom surface
extending from the inner periphery 47 to the outer peri-
phery 49 thereof. It will be noted that channels 46 are
not radially disposed, i.e. they are non-coincident with
radial reference lines emanating from a point within the
retainer ring cavity. Thus, the non-radial configuration
of the present invention has reference to retainer rings
which are not truly circular, although for economy of
application and to more readily achieve uniform polishing
across the surface of the workpiece, the retainer rings are
preferably circular. 1In the preferred embodiment, the
channels are not radially disposed with respect to the
circle formed by the annular ring portion 40 but rather are
slanted or obliquely disposed so as to represent a secant
with respect to said circle. The number of channels can be
varied, but in preferred form, eight channels spaced
approximately 45° from each other are provided in the
retaining ring used for wafer substrates having a diameter
of 6 inches, 8 inches or larger. While the channels 46 are



Figure 11 is a cross-sectional view taken along the line 11-11 of Figure

10; and Figure 12 is a schematic diagram of a cross- sectiona
view of an arrangenent simlar to that shown in Figure 11. Det ai | ed
Description O The Preferred Enbodi nents Figure 1 shows
schematical |y basic el enents of typical™ aparatus for polishing thin

wor kpi eces. The illustrated polishing machine 10 has a stationary frane 12

and a rotatable polishing wheel 14 driven by a notor Mto rotate in the
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' channeled flange to the bottom surface of the conventional

retaining rings. However, the novel retaining ring
according to'ﬁhe-invention can be formed in one piece and
the number of fluid-carrying channels 46 can be varied as
well as the size thereof. For polishing a waferiof 6
inches in diameter, a preferred retaining ring is one with
the upstanding annular portion 40 having a diameter of
5.972 inches, a lower flange 45 of 8;618 inches in width
and having eight channels 46 0.50 inch in width and 0.078
inch in depth and spaced 45° from one another.

The novel retaining ring of the invention
provides significant improvement in polishing or planari-
zation of thin workpieces such as silicon wafers and the
like. The new retaining ring directs abrasive polishing
slurry 50 in the direction of arrows A into the center. of
the substrate 30 being polished when the polishing wheel is
rotating in counterclockwise direction. When the pdlishing
wheel rotates in clockwise direction, the angles of the
flow channels 46 are accordingly changed. It also reduces
the amount of slurry required for a particular polishing
operation because of more efficient distribution of the
slurry. Reduction in use of abrasive slurry is an economic
advantage. Also, because of more uniform distribution of
abrasive slurry, polishing removal rates are increased with
greater polishing uniformity. )

The embodiment described above employs channels
of generally constant dimensions along their path lengths.



fits freely over themto keep the wafers under pressure plate 28. As w |
be noted, the bottom surface of retaining ring 32 is uninterrupted and
rests on polishing pad 18 on polishing wheel 14. Figures 2-4
illustrate a retaining ring 38 in accordance with this invention which, in
one enbodinent, is fornmed in two joinable parts. An upstanding ring portion
40 (which is slightly larger than both the pressure plate 28 and the wafer
or wafers 30) fits freely over each to keep themin polishing position. The

upst andi ng annul ar portion 40 of retaining ring 32 is of a height
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t he variable cross-sectional size along their path lengths.
For example, in Figures 6-8, the retaining ring is shown
with flow-augmenting channels extending along straight-
lined paths. That is, the center'points of cross sections
taken along the channel, generally lie along the common
line. Though not essential in all instances, the channels
preferably have a. constant depth from the inner diameter of
the retaining ring to the. outer diameter of the retaining
ring and. the side walls of the channels preferably form
parallel lines at the botﬁom face of the retaining ring, as
shown, for example, in Figure 6.

Referring briefly to Figure 12, a retainer
assembly 250 is shown comprising pressure plate 28 and a
retainer ring 200. 1In a preferred embodiment, the pressure
plate and retainer ring are separately formed and are
secured together with threaded fasteners 39 in a manner
shown in Figure 3. However, if desired, the retainer ring
and pressure plate could be formed together from a |
monolithic piece of suitable stock material, such as a
plastic or other non-metallic material, as well as a
metallic material such as stainless steel.
As can be seen in the central portion of Figure

12, the pressure plate extends into the interior bore of



retaining ring used for wafer substrates having a dianmeter of 6 inches, 8
inches. or larger. While the channels 46 are

-7- shown in Figure 2 as being generally linear, the channels can be
arcuate in configuration (see Figs. 5 and 9-12). Such arcuate channels
afford greater, nore uniformflow of the9abrasive slurry 50, as indicated
by the arrows in Figures 2 and 6, for exanple. The two-pi ece
construction of the retaining ring according to this invention has the
advant age that conven-, tional continuous retaining rings can

be
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i if the retainer ring were made solid, it would be difficult
for polishing media to approach the outer periphefy of the
workpiece 256. One would need to rely.on the presence of
polishing media trapped when the retainer assembly 250 and
workpiece 256 are lowered onto the polishing wheel prepared
beforehand with a coating of polishing media. It is
generally preferred that the pressure pad 28 be of
conventional construction and could, for example, include a
vacuum chuck arrangement for holding workpiece 256 in
position within the cavity formed at the bottom of the
rétainer assembly 250. As will be appreciated, any
polishing media trapped between the workpiece 256 and the
polishing wheel would tend to migrate during a polishing
operation, and a desired quantity of polishing media cannot
be assured. It is generally preferred that an excess of
pelishing media be provided so as to allow for an exchange
of polishing media at the situs of polishing work being
preformed on the workpiece. For example, if the polishing
media carries abrasive particles, it is usually ‘important
that the size and sharpness of the particles be carefully
controlled. It is well known during a polishing operation
that these polishing particles tend to break down, often
before a polishing operation is completed. Further,
portions of the workpiece surface which are free from the
workpiece will commingle with the polishing media, éhanging
its physical and chemical composition. For these and other
reasons, it is desirable that the polishing media be



slurry 60 in the direction of arrows Ainto the center of the substrate 30
bei ng polished when the polishing wheel is rotating in counterclockw se
direction. Wien the polishing wheel rotates in clockw se direction, the
angl es of the flow channels 46 are accordingly changed. It al so reduces the
amount of slurry required for a particul &@ polishing operation because of
nore efficient distribution of the slurry. Reduction in use of abrasive
slurry is an econonm c advantage. Al so, because of nore uniformdistribution
of abrasive slurry, | i shi renoval .rates are increased with greater
pol i shing unPPBFAPRGLLY exchanged, alr g Bl [N FRPEAIRD el bH
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workpiece during the polishing operations. With retainer
apparatus according to principles of the present invention,
the workpiece is satisfactorily retained within a préssure
applying apparatus, and is readily adéptable for use with
existing equipment. Further, with retaining apparatus
according to the principles of the present invenfion, flow
into and out of the region of active polishing is improved
in both volume of flow and reliability of flow throughout a
polishing operation. f -

As mentioned above, the channels formed in
retaining apparatus according to the principles of the
present invention may be either straight-line or curved.

In the preferfed embodiments described herein, the
retaining apparatus has a generally circular configuration
with the channels extending in non-radial directions. It
is preferred that linear channels of either circular or
non-circular retaining rings are oriented at an angle to
radial reference lines emanating from a point in the
internal cavity within the retainer ring.

Referring briefly to Figures 9-11, a further
alterriative embodiment of a retaining ring 200 is shown
with curved channels, i.e. channels which have openings at
the inner diameter and outer periphery of the retaining
ring which are angularly offset . Preferably, the channels
in Figures 9-11 are continuously curved although linear
approximations of curves are also possible. The channels
formed in the retaining rings of Figures 6-11, have a

smaller cross-sectional size adjacent the inner diameter of



Turni ngi now to Figures 6-12, retaining arrangenents are shown havi ng _
f1 owaugnenting channels of variable cross-sectional size along their path
| engt hs. For exanple, in Figures 6-8, the retaining ring is showm with

f1 owaugnmenting channel s extending al ong straight- lined paths. That is,
the center points of cross sections takepy along the channel generally lie
al ong the common |ine. Though not essential in all instances, the channels

preferably have a constant depth fromthe inner dianeter of the retaining
ring to the outer dianeter of the retaining ring and the side walls of the
channel s pr aftay aldya froimy Qﬂix@dﬂ&hdlé.-nESr@értbﬂobét—ééﬁtfiaﬁ&loélfzhe atetteni ng
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' Turning now to Figures 6-8, the retainer ring is
generally indicated at 200. The retainer ring generally
resembles the retainer ring described above with reference
to Figures 2-4. The retainer ring includes an inner
diameter wall 202 and an outer peripheral wall 204.
Referring to Figure 7, the fetaining ring 200 preferably
has an upper beveled surface 206 and an annular land or
mounting band 208, which cooperates with the beveled
surface 206 to form the stepped profile as can be seen in
Figure 7.

As can be seen in.Figures 6 and 7, a plurality of
flow-augmenting channels 210 are formed in the bottom
surface 212 of retaining ring 200. Preferably, the
retaining ring is formed from appropriate stock material,
such as a filled or unfilled plastic or other non-metallic
material. As mentioned, the retaining ring and pressure
plate could be formed separately or as a single monolithic
part. Plastic molding and other conventional techniques
may be employed in this regard. However, 1f desired, the
retainer ring could also be formed from a stainless steel
alloy or other material consistent with the chemical
systems and forces employed. The channels 210 are
preferably formed by milling or otherwise cutting grooves
in the bottom surface 212 of the retaining ring. When the
retainer ring (or integrated retainer assembly) is formed
using molding techniques, it is possible to include the
channel structure in the molding process. However, it is
preferred that the channels be formed so as to have



retainer ring 200 but does not extend to the underneath side of the
retainer ring. Accordingly, an enclosed cavity is fornmed at the bottom of
retai ner assenbly 250. As indicated in Figure 12, it is preferred that the
internal cavity be di nensioned such that the workpi ece to be polished,
identified by reference nuneral 256 innrHgue 12, extends a predeterm ned
anount bel ow the bottom surface 212 of the retaining ring so as to be
exposed to the polishing wheel 14. As will be appreciated from studyi ng
Figure 12, if the retainer ring were made solid, it would be difficult for
pol i shi ng m¥dilativelprahahpt etemal perngheryldf &heomstkpceéden256. One
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construction_and coul for exanple ncl ude vacuum chuck _arrangenent for
hol di ng wor I%ﬁ}cericueé:ezgéld*%t p%%?’ﬂ%%sv&}%i?P#h%u‘g]a?/‘f’t?/p?’a?'ﬁ‘éﬂ 38 hegﬂottth@m of
t he ret ai neremkssbimznt 28towmsimi Flgleeappreci thedchanyeps| asdi forned dy
trapped bet [ an 1 shing L d tend.t.0

m grate duri gﬁl%ﬁg%ﬁb?%?bnepé%lg&die% r%%ﬁ%??@géf %ggl g‘ﬁ'leng
nedi a canno G dsiftePlanes whyiekerane \oenetakly deerpendicuaksestoothe

pol i shing meditadie ArdEeh 5P &6 tKe abd@wid Dig aP1 S¥ Chansen8hgROthiki 4g

media at the situs of polishi wor K, bei n retormed on_t he workpiece. For

exanpl e, i f%ﬁ‘?e pﬂ"cﬁﬁoes‘?ﬁp#g m’f]’g‘?%ﬁ*ﬂ% a%?%s‘i’%l%a??‘il%@eg?- Furyedydugll y

i nportialnt OIt @it tfiatsiize @rokshes@ibss) pf?ﬁ&ﬁ:md i I eﬁobﬁeaﬁéef Hlﬁiﬁ‘

controlled. Lt.] Q i a i shing ope ion that these
RekpshARdr AL 08 2 P00 PR E Y

polishing p | ten 0 break down, * polishing operation
is conpleted. FurtheAs pornesinkt off tthe oréfrmoed spldnae ebhshractibnee

from the wopkpit@ee wiills GO | L,shi L8, 0l Lts
physi cal and_chem cal csorrpos'i [?iof'. Vitq'}J}:éﬂlor";t eés)gé%ﬁﬂ %t%%?%ga%gﬁgg M]glrg

desi rabl e t FBEY: MEShoIthen iRRFFRMispeace 212, Figure 6 shows

construction lines 228 which extend generally parallel to
the walls 224, and which intercept tﬁé point whefe walls
226 meet the inner diameter wall 202. Construction lines
228 provide a visual gauge for the amount of "taper" or
outward "flaring" of the walls 224, 226. It is prefefred
that the tapering of the channel walls be configured such
that the-inlet openings 216 are smaller than the outlet
openings 218, with the walls 226 forming an acute angle .
with the construction lines 228. Referring to Figure é,
the preferred direction of rotation of the retainer ring is
in a clockwise direction as indicated by arrow 232.
Referring to Figure 6, a bolt circle construction
line 245 is shown, about which a plurality of bolt-
receiving holes 247 are located. The holes 247 receive
bolts 39 shown in Figure 3. Thus, as can be seen at the
top of Figure 6, wall 226 intersects circular construction
line 245 and vertical line 249 at the same point. The wall
224 forms an angle b, with respect to construction line 249
and the Qall 226 forms an angle b, with respect to the
construction line 249. 1In a preferred embodiment, angle b,

ranges between 40 and 50 degrees, but is most preferably



- /10 -3+ continually exchanged during a polishing operation. Wth prior
art retainer rings polishing nedia is observed to build up or "puddle" at
the outer periphery of the retaining rings. However, w th retainer
assenbl i es according to principles of the present invention, no such build
up or puddling at the outer periphery of;sthe retainer rings is observed,
providing a visual confirmation that- polishing nedia is flow ng across the
surface of the workpiece during the polishing operations. Wth retainer
apparatus according to principles of the present invention, the workpiece
i s satisfacteti hy W6t diegeces,t il Wiessiiflaly yangesppatateds 4Btnd
readi |y adappa I Is Wt e ip rthe th ret ai ni ng
appar at us acE:)ofB r]f&%td t%éi &q%ncigpf r%be‘&:e %E%%’en{éjléngeél ?J\é\% flowinto
and out of the regi onAsf cagt ibee gssn sin Rigure e oukerl valbet224pl 226 of
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nment i oned above, the channels forned I n retalnlng apparatus according to
£

the princi pPé€-of Thie T50dadntl ing it e¥ReRds be & hEPJ-S‘ttr gtgeentast or
curved. |In bbeweesl &anad z@mbczmmrﬁr@zd@ﬂmé@& Ref®l neod he Aﬁtéih?ll.éga,

cpparat us hes eeas el e A SY Al Nl the shaanely -
ei t her circsliailarlygnaciradiladr IrigteaiR)i egtendgster ¢her peintd oft contaggi e to
between wall 225 and inner diameter wall 202. An angle a,
is formed between wall 225 and radial line R,.. Further, an
angle a,; is formed between the reference line 228 and wall
226 and provides one indication of the amount of "taper" or
"flare" of the enlérged opening of the channels. -

In the embodiment shown in Figure 6, for éxample,
angle a, is approximately 45°, angle a, is approximately 60°,
and angle a; is approximately 15°. Figure 6 shows one
preferred example of channel orientations. It is

! contemplated, however, that a range of configurations of
the channels is possible. For example, the angle a; can
range between 40° and 50°, the angle a, can range between 55°
and 65°, and the angle a; can range between 10° and
20°. While it is most preferred that eight channels be
equally spaced about the retaining ring, other numbers of
the channels are possible and their spacing need not be
uniform. Further, while it is generally preferred that the
channels be of similar cross-sectional configuration,
channels of different configurations can be employed in the
same retaining ring. |

Further, other design considerations can be
readily accommodated by the present inventioh. For
example, it will be appreciated that the amount of draw
through the channels is maximized if the corners 240, 242
(where the walls 224, 226 meet the inner diameter wall 202
- see Figure 6) are made sharp, and are not radiused or
rounded over. However, these corners, and particularly
corner 240, are expoéed to a workpiece located within the



radi al reference lines emanating froma point in the internal cavity within
the retainer ring. Referring briefly to Figures 9-11, a further

al ternative enbodi ment of a retaining ring 200 is shown with curved
channel s, i.e. channel s which have openings at the inner dianeter and outer
periphery of the retaining ring which arqgangul arly offset Preferably,
the channels in Figures 9-11 are continuously curved although |inear
approxi mati ons of curves are al so possible. The channels forned in the
retaining rings of Figures 6-11, have a smaller cross-sectional size
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disk and the inner wall 202.

Polishing operations can be carried out either
with or without a relative rotation of the retaining ring
with respect to the polishing table. However, the
workpiece is free to rotate and move within the inner
diameter wall 202 of the retaining ring and this. is
commonly observed in a practical poiishing operation. At
times, circular workpieces have been observed to "bounce °
off" the inner diameter wall 202 at a relatively frequent
rate and careful consideration has been given to the effect
of the workpiece impacting the inner diameter wall 202 of
the retaining ring. As will be appreciated from observing
the retainer ring shown in Figure 6, it is possible that a
six inch diameter workpiece may contact the inner diameter
wall 202. (which has a diameter 1.5 millimeter larger than
the six inch diameter workpiece), and can, on occasion,
directly impact against the corner 242 and especially the
corner 240. This condition is aggravated in workpieces
having various identification or orientation flats formed
in their outer periphery. 1In the semi-conductor
fabrlcatlon 1ndustry, circular workpieces of Varylng
constructions and materials are routinely identified by
different orientation flats formed in the outer periphery
of the workpiece. Due to the high cost of workpieces in
this industry, it is important that deleterious effects of
an orientation flat of a workpiece impinging on a corner
of a retaining ring channel be minimized or eliminated.
Accordingly, it is preferred for six inch diameter
workpieces, that the width or distance between the corners



Referrihg to Figure 7, the retaining ring 200 preferably has an upper
bevel ed surface 206 and an annul ar | and or nounting band 208, which
-cooperates with the bevel ed surface 206 to formthe stepped profile as can
be seen in Figure 7. As can be seen in Figures 6 and 7, a
plurality of flow augnenting channels 21@sare fornmed in the bottom surface
212 of retaining ring 200. Preferably, the retaining ring is fornmed from
appropriate stock material, such as a filled or unfilled plastic or other
non-netallic material. As nentioned, the retaining ring and pressure plate
. coul d be for2de, s2par beehyp dargsrathhmgbdSWUﬁOHnﬂﬂnchmmandFﬂcsnic mol di ng.
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.- 12 - I nternal corne con
: between two and three times greater than the thlckness of

the workpiece. _
_ As those familiar with the semi-conductor
fabrication art are aware, non-uniform polishing of
substrate discs is an important concern to semi-conductor
device manufacturers, especially when orientation flats or
other asymmetries in the_workpiece are present. For
example, it has been commonly observed that polishing media
tends to build up at the location of orientation flats
formed in the outer periphery of a workpiece. With
channels; constructed according to principles of the present
invention, non-uniform polishing rates at the locations of
orientation flats has been drastically reduced and in many
applications substantially eliminated. Further, with
channeled retainer arrangements constructed according to
principles of the present invention, uniformity of
polishing rates across the surface of the workpiece, in
general, has been observed. This results in an increase in
both global and local planarization of a workpiece
undergoing polishing with retaining arrangements according
to principles of the present invention, a feature of
éubstantial economic importance to manufacturers of semi-
conductor devices. Of course, the retaining arrangements
described herein may be readily applied to polishing
operations on other materials, such as machine parts and
other items which are in common commercial use today.
Turning now to Figure 12, a cross-sectional view
similar to that shown in Figure 7 is illustrated in

diagrammatic form. It will be observed that the schematic



featureireadily acconplished using conventional economcal mlling or
cutting techniques. Referring again to Figure 6, the channels 210°
~include inlet openings 216 and outl et openings 218. In the enbodi ment shown
- in Figures 6-8, the channels are fornmed by opposed walls 224, 226.
Preferably, the walls 224, 226 |ie along;§lat planes which are generally
perpendi cul ar to the bottom surface 212 of the retaining ring. Although
this is the preferred configuration, the walls could be curved i.e. not
flat in cross-section), and could be fornmed at non- perpendicular angles to
bott om sur f abeawilidg of Figure #3 asrestl tratnt ke praflerr edrigamari2
constructlon of t he 3 =Y re
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: ' 1.5 millimeters (and assumes that the workpiece is
contacting the inner wall 202). In the preferred
embodiment, the bottom surface 258 extends a distance
‘ranging between 150 and 175 microns below the bottom
surface 212 of the retaining ring. As schematically
illustrated in Figure 12, the channels 210 extend above the
height of the workpiece, and in the preferred embodiment,
the depth d is approximately 2 millimeters.

Turning now to Figures 9-11, a retainer ring is
generally indicated at 300. A series of channels 302 are
formed in the bottom surface 304 of the retaining ring and
have an opening 306 at the inner wall 308 of the retaining
ring and an opening 310 in the outer periphery 312 of the
retaining ring. As in the preceding embodiment, it is
generally preferred that the corners 316, 318 be made sharp
so as to improve the draw of media to the channel and it is
also preferred that the opening 306 at the inner diameter
be made smaller than the opening 310 at the outer periphery
of the retaining ring. For a six'ipch diameter workpieces
and with the clearance and thickness dimensions described
above with reference to Figure 12, the opening 306 at the
inner diameter is preferably no larger than 3/8 inch, and



- 43 - + set at 45 degrees, while the angle b2 rangés bet ween 45 and 60

degrees, and nost preferably is set at 53 degrees. As can be seen’

in Figure 6, the walls 224, 226 are inclined fromradial |ines along the

direction of arrow 232. The radial line Rerr] extends to the point of

contact between wall 224 and inner di aweter-wall 202. An angle aferr] is

formed between radial line R2 and reference |line 228. Simlarly, a radial

line R2 extends to the point of contact between wall 225 and inner dianeter
- wall 202. An angle a2 is fornmed between wall 225 and radial |ine R2.
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between 40 and 50 degrees, and it is most preferred that
the angular offset P be approximately'45 degrees (see
Figure 9). .
Those modifications and equivalents which fall
within the spirit of the invention are to be considered a

part thereof.



channels of different configurations can be enployed in the sane retaining.
ring. -~ Ll"l“é"mmdgmul her design considerations can be readily
accommodat MMl i nvention. For exanple, it will be appreciated
that the andunt of aw t hrough the channels is maximzed if the corners
240, 242 (where the walls 224, 226 neet- tlge - nner dianeter wall 202 - see
Figure 6) are nmade sharp, and are not radiused or rounded over. However,

t hese cor n&WHAT abt®l @RAIMEDI dSlky corner 240, are exposed to a workpiece

| ocated within the - 14 - retaining
ring. In one comercial enbodiment of the retaining ring 200, inner

di aneter wall 202 is #%-sideretadmery appagatusfrn Rehishingr aul ar

wor kpi ece |psatpredb! heBmpPesigigdi ning ring. For exanple, retaining rings
di mensi oned to accepf wor gieces havin%ﬁf six inch outer dianmeter provide a
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plate to define an internal cavity, and an outer surface;
the lower surface of the retainer portion
definingla plurality of recesses extending from the inner
surface to the outer surface, the recesses noncoincident
with radial reference lines emanating from a point within
the internal cavity; and '
the recesses haVing an inner opening of
predetermined size at the inner surface and an outer
opening at the outer surface, of greater size than the

inner opening.

2. The retainer apparatus of claim 1 wherein the
recesses extend along respective straight lines which are
angularly offset from the radial reference lines.

3. The retainer apparatus of claim 2 wherein the
straight lines are angularly offset similar amounts from
the radial reference lines.

4. The retainer apparatus of claim 1 wherein the
recesses extend along respective curved lines which are
offset in similar directions from the radial reference
lines, and wherein the recesses have respective generally
constant depths.

5. The retainer apparatus of claim 1 wherein the
recesses have generally rectangular cross-sections, with
éharp corners at their inner openings. .



times, . have been observed to "bounce off" the inner

di anet er atlvely frequent rate and careful consideration
has been QMJ;I ct of the workpiece inpacting the inner dianeter
wal I 202 EIIE alnlng ring. As will be appreciated from observing the
retainer ring shown in Figure 6, it is-pt&stble that a six inch dianeter
wor kpi ece may contact the inner dianmeter wall 202 (which has a dianeter 1.5
mllimeter |arger than the six inch diameter workpiece), and can, on
occasion, direct]y i|mactrgaoed hbe & afataé%enelameq' alordfie cpEner
240. ThIS condition is aggravated [ n wor eces having vari qQus .
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240, 242 be no larger than 3/8 of an inch,

than 1/4 of an inch. The preferred

8. ‘A retainer ring apparatus for polishing a
workpiece, comprising:

a retainer ring having upper and lower surfaces,
mounting means for joining the retainer ring to a pressure
plate at the upper surface of the retainer ring, an inner
surface defining an internal cavity within the retainer
ring, and an outer surface;

i the lower surface of the retainer ring defining a
plurality of recesses extending from the inner surface to
the outer surface, the recesses noncoincident with radial
reference lines emanating from a p01nt within the internal
cavity; and

.. the recesses having an inner opening of
predetermined size at the inner surface and an outer
opening at the outer surface, of greater size than the
inner opening. ' .

9. The retainer ring apparatus of claim 8
wherein the recesses extend along respective straight lines
which are angularly offset from the radial reference lines.

10. The retainer ring apparatus of claim 9
wherein the straight lines are angularly offset similar
amounts from the radial reference lines.

11. The retainer ring apparatus of claim 8
wherein the recesses extend along respective curved lines

I phery of the workpiece. Due to

and nost preferably be no |arger



sj ze qQf the—outtet—opening 218 ranges between a width slightly larger than

0.5 inch i N the preferred enbodi nent shown in Figure 6, the
dept h <of mﬂlﬁm“\‘ﬂﬂ_mmweneral |y constant and is preferably deeper than
the thicknesscortt §or Rpi ece, nost preferably between two and three tines
greater than the thickness of the workpiece. As those famliar
with the sem -conductor fabrication art ape-aware, non-uniform polishing of
substrate discs is an inportant concern to sem -conductor device
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retai ner aghaRITERite COEGEESEECHaRECgefPE 119 R Haneeagbthhe present
invention, uniformty of polishing rates across the surface of the
wor kpi ece, in general, has been observed. This results in an incredse in
bot h gl obal and | ocali®l ariae i ratadnenf rdngoapparatusndef goladm pb2i shi ng
with retaipy r og.di.ng LRC) ' p t
vent fon, Ul MIRE DL 2a EE he BT gbReBh1 15 Bt atod U MESEL 1 er s of
seni - condgeckians iand fo¥ymcsharp, connerst atnithgia damgsropenimgsri bed
herein may be readily applied to polishing operations on other materials,
such as machine parts and other itens which are in common conmerci al use

t oday. Turning now to Figure 12, a cross-sectional view simlar
to that shown in Figure 7 is illustrated in diagrammatic form It wll be
observed that the schematic - :



- 46 «{ « drawing of Figure 12 is not drawn to scale. Figure 12 shows a
retention arrangenent generally indicatediat’ 250, conprising the retainer
ring 200, the pressure plate 28 and an optional backing film 252 made of
SF3 or other material. The width of the channel, w, varies fromthe inner
wal | 202 to the outer periphery 204 as explained above. In a preferred
enbodi nent, the depth d of the channel 210 is held constant al ong the

| ength of the channel and is the sane fo2t the several channels forned in
the retaining ring. In the arrangenent shown in Figure 12, the workpiece
256 conprises a wafer of sem -conductor material having a thickness ranging
bet ween 630 and 690 m crons. The film 252 has a thickness rangi ng between
400 and 450 m crons. The cl earance or gap ¢ has a nmaxi num val ue of
approximately 1.5 mllineters (and assunes that the workpiece is contacting
the inner wall 202). In the preferred enbodi nent, the bottom surface 258
extends a di iviPRO PEURY m
surface 212 ?@fqﬁgnﬁglgtﬁmngﬁg As s‘@‘ﬁﬂn}%‘fxﬁ(]?}lﬁ/@loﬁ ustratﬁg(}qlsﬁqglt}éure
12, the channels 210 extend above the pmpa of the workpiece, and in the
preferred enbodi ment, the depth d is approximately 2 mllineters.

Turning now to Figures 9-11, a retainer ring is generally indicated at 300.
A series of channels 302 are fornmed in the bottom surface 304 of the
retai ni ng ABSTRAGT have an opening 306 at the inner wall 308 of the
retaining ring and an opening 310 in the outer periphery 312 of the

A retainer ring (38) for retaining a thin workpiece during machining thereof, the
retaining ring (38) being of a design which facilitates distribution of an ab_rasive slurry

(50) used in the machining operation.

Fig. 2.



iétahﬁing ring. As in the precedi ng enbodi nent, it is'generally preferred
that the corners 316, 318 be nade sharp so as to inprove the draw of nedia

to the channel and it

is also preferred that the opening 306 at the inner

di aneter be nmade smaller than the opening 310 at the outer periphery of the
retaining ring. For -a six inch dianeten/yorkpieces and with the clearance

and t hi ckness di'nensi ons descri bed above with reference to Figure 12,

t he

opening 306 at the inner diameter is preferably no larger than 3/8 inch,

and

| arger than 1/4 inch, while the
between 1/4 inch and 2 inches.
can be enpl oyed, it
spaced about the bottom surfac
generally preferred thatgzthe inl

openings, and it is pre&E
outl et openings |ie within &caQ
nost preferred that the angul g

Figure 9).
the spirit of the invgntion g

\b 4
openfing
Al t hough virtually any nunber of channels
is nost preferred that eight channels are equally

17 -
310 of

et ai ni
ut | et

28 i
3 !
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nost preferably .is no
t he outer periphery ranges

glGi.ng. Further, it is

PRIOR W8s be of fset no nore

) nes passing through centers of the

of fset between inlet and
and 50 degrees, and it is

pproxi mately 45 degrees (see

Pval ents which fall within



art fhereof. - - 18 - WHAT IS CLAI MED

st 1. A retainer apparatus for polishing a workpiece,
conpri si ng: a pressure plate portion above the workpi ece, for
appl yi ng downward pressure to the workpiece to polish the workpi ece agai nst
a polishing surface; _ a retaig&: portion having upper and | ower
surfaces, an inner surface cooperatin& ith the pressure plate to define an
internal cavity, and an outer surface; " the |l ower surface of the
retainer portion defining a plurality of recesses extending fromthe inner
surface to the outer surface, th645ecesses;ﬁ6 coi ncident with radial
ref-erence |ines emanating from a(pai w tlan the internal cavity; and

: 5 eer m ned size at the inner

: , face, of greater size than the
I nner openi ng. 8/ | n&Re.appar atus of claim 1 wherein the
recesses extend al ong respg
fromthe radial reference




3.7 Thesretai ner apparatus of claim2 wherein the straight lines are
angularly offset simlar anounts fromthe radial reference |ines.

4. The retainer apparatus of claim 1l wherein the recesses extend al ong.
respective curved lines -which are offset in simlar directions fromthe
radi al reference lines, and wherein the recesses have respective generally.

constant dept hs. 5. The ret &/fer apparatus of claim1l wherein
the recesses have generally rectangul ar cross-sections, with sharp corners
at their inner openings. - 19 -

6. The retainer apparatus of claim1l wherein the pressure plate and
retainer portion are separately forned, and wherein the pressure plate
extends into the internal caw#ty off theske Pﬁ%r portion. 7.
The retai ner apparatus ot/' ~\\pressure pl ate and retainer
portion are integrally &€ a nonol i.t hi ¢ body.

FIG. 8

FIG. 11



8.” A retainer ring apparatus for polishing a workpi ece, conprising:
a retainer ring having upper and | ower surfaces, nounting neans for joining-
the retainer ring to a pressure plate at the upper surface of the retainer
ring, an inner surface defining an internal cavity within the retainer

ring, .and an outer surface; the | ower surface of the retainer
ring defining a plurality of recesses extgpding fromthe inner surface to
the outer surface, the recesses noncoincident with radial reference |lines
emanating froma point within the internal cavity; and t he
recesses having an inner opening of predeterm ned size at the inner surface
and an outer opening at the outer surface, of greater size than the inner

openi ng. 9. The retainer ring apparatus of claim8 wherein the
recesses extend al ong respective2 raight lines which are angwutsr|ly offset
fromthe radial reference lin e ring
apparatus of claim9 wherein Ardy of fset
simlar amounts fromthe radig ‘ 2°bThgao

retainer ring apparatus
respective curved lin

< d
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FIG. 12



- '20 -~ which are offset in simlar directions fromthe radial reference

| ines, and wherein the recesses have respective generally constant depths.
12. The retainer ring apparatus of claim 11l wherein the recesses have
general ly the sanme dept h. 13. The retainer ring apparatus of
claim 12 wherein the recesses have generally rectangul ar cross- sections
and formsharp corners at their inner opgyﬁngs.-

250
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,/{/ 20l ,
//////// /\ 7
- 1 § yd
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FIG. 12



