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POLI SHI NG BACKGROUND OF THE I NVENTION (1) Field of the Invention The
invention relates to processes for the manufacture of sem conduct or
devices and nore particularly to the chem cal - mechani cal - pl anari zati on of
sem conductor wafers. (2) Background of the invention and description of
previous art The fabrication of integrated circuits not only involves the
form ng of sem conductor devices within the surface of a sem conductor
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(1) Field of the Invention

The invention relates to processes for the manufacture of semiconductor
devices and more particularly to the chemical-mechanical-planarization of

semiconductor wafers,
(2) Background of the invention and description of previous art

The fabrication of integrated circuits not only involves the forming of
semiconductor devices within the surface of a semiconductor wafer but also the
creation of a complex network of wiring interconnections which comprise the
electrical circuitry of the completed chip. These interconnections are accomplished
by the alternate deposition of thin layers of conductive and insulating materials over
the semiconductor devices. Each conductive layer is patterned by photolithographic
techniques to form the wiring design for that level. This patterning process produces
a surface with topological features, which, if no steps were taken, would replicate
itself in each succeeding layer.

Conductive layers, usually metals such as aluminum or copper, are deposited



sputtering. These methods do not provide conformal coverage and the
presence of topological features on the surface onto which they are
deposited result in non- uniformties in thickness and ot her problens
related to the shadowi ng effects of non- planar surfaces. Frequently two to
four levels of interconnection netallurgy are required to formthe
required circuits. In order to provide a planar surface for each | evel of
nmetal, various nethods have been used to planarize the insulator surface.

G asses which fl ow when heated are conmmonly used to accommobdate the first

| ayer of nmetallization. Subsequent |evels where elevated tenperatures are
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Frequently two to four levels of interconnection metaliurgy are required to
form the required circuits. In order to provide a planar surface for each level of
metal, various methods have been used to planarize the insulator surface. Glasses
which flow when heated are commonly used to accommodate the first layer of
metallization. Subsequent levels where elevated temperatures are no ionger
permissible, employ layers of materials which are deposited as liquids and then
cured to form solid layers. Such layers of spin-on-glasses and organic polymers
provide an improved local surface planarity. Subsequent reactive-ion-etching(RIE)

removes the polymers and translates the new surface to the insulating layer.

Although these methods can provide to local planarization, they are
impractical for the large wafers used present day technology because they cannot
provide planarization over a large area. This is because the integrated circuit chips
themselves contain discrete regions of different topological complexity such as
memory arrays located within regions of logic circuits.

Recent years have seen an increased interest in the old technique which is



used to provide the wafer with a planar surface in the first place -

chem cal - nechani cal - polishing(Cw). At first thought, CWP is a seem ngly
crude nethod for dealing with dinmensions of the order of hundredths of a
m cron. However, because of it's uniquely global planarizational ability,
the CWP techni que has been diligently and painstakingly refined and
perfected for in-process planarization over the past decade. The main
thrust of this effort has been dedicated to the devel opment of highly
sophi sticated polishing machines. As a result, the CWP technique is now

wi dely used for global planarization of in-process sem conductor wafers in
the fabuseashio pieviste thet wgfeatveth aipfanansufavedetime first ghage echainaal-CVP

machi nes are described, for exanple, by Henpel, U S. Patent No. 5,597, 346,

Kim U SnePaseioti-polishin@@IBH2 Atdirsi Gaught, CMRlis aléeemiRghedrugeMeth@d¥de, 298
and 6,361,420 B1, Yi, U S. Patent No. 6,146,260, and Lin, et. al., US.
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highly sophisticated polishing machines. As a result, the CMP technique is now

widely used for global planarization of in-process semiconductor wafers in the

fabrication of integrated circulits.

Modern, high precision CMP machines are described, for example, by
Hempel, U.S. Patent No. 5,597,346, Kim, U.S. Patent No. 5,695,392, Zuniga, et.
al. U.S. Patents No. 6,132,298 and 6,361,420 B1, Yi, U.S. Patent No. 6,146,260,

and Lin, et. al., U.S. Patent No. 6,183,350 81.

An example of a simple CMP polishing machine as described by Lai, et. al., U.S.
Patent No. 6,224,472 B1 is shown in Fig. 1a includes a head 10 which holds a wafer
12 to be polished on its under side, usually by vacuum applied to the back of the
wafer 12 through numerous ports 14. The head 10 rotates and presses the wafer 12
against a polishing pad 16 mounted on an upright rotating pedestal or platen 18. A
polishing slurry 20 is fed to the pad surface during operation. The underside of the

head 10 is fitted with a retaining ring 22 which surrounds the wafer 12, Fig. 1b



3 illustrates a typical retaining ring 22. The retaining ring 22 not only
keeps the wafer 12 confined to the underside of the head 10 but al so

i ncludes nultiple channels 24 through which a polishing slurry 24 is
introduced to the wafer/pad interface. The polishing rate at wafer edge is
usually different fromthat on the rest of the wafer. In addition, the
polishing rate profile at the wafer edge does not vary nmuch with different
process paranmeters or nmaterials being polished. Typically, the polishing
rate at less than 5mrm fromthe wafer edge is always |ower than that at the
wafer center. This puts a limtation on the thickness uniformty especially

at the ilateteedagitiiaetaamghingedi evied rétuiriring 22 estcshiyrkeps thewarder

edge region wunsuitable for use in integrated circuits, and decreases the
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desirable to be able, by polishing paraneter adjustnments, to adjust the
polishing rate in the edge region of the wafer so as to polish the wafer
edge region at a significantly higher or a significantly |lower rate than
that over thdhermilishppor tate at vfafehedyafseusualiytdifférens froaptidat ldnt the rest dfer
surface planarity and/or surface |ayer thickness uniformty can be

ext endethd wafdrenn @ddition, ehé E@li@dgg raROpfile ZURkdRafefbdgaldoesthdi3Ang98 and

6, 361, 420, describe a polishing head structure
much with different process parameters or materials being polished. Typically, the
polishing rate at less than 5mm. from the wafer edge is always lower than that at the
wafer center. This puts a limitation on the thickness uniformity especially at the

wafer edge that can be achieved by CMP and hence makes the wafer edge region

unsuitable for use in integrated circuits, and decreases the yield.

it would be desirable to be abie, by polishing parameter adjustments, to
regulate the polishing rate in the edge region of the wafer so as to achieve a uniform
polish rate over the entire wafer and thereby extend the overall usable area of the
wafer. It would be further desirable to be able, by polishing parameter adjustments,
to adjust the polishing rate in the edge region of the wafer so as to polish the wafer
edge region at a significantly higher or a significantly lower rate than that over the
main portion of the wafer. With this capability, either surface planarity and/or

surface layer thickness uniformity can be extended further out into the edge region.

Zuniga, et. al., 6,132,298 and 6,361,420, describe a polishing head structure



4 provides adjustable pressure during polishing to the wafer in order to
cause even polishing. Afirst pressure is applied to a center portion of
the wafer through a nenbrane and a second pressure is applied to a
perimeter portion of the wafer through an edge load ring which is nore
rigid than the nmenbrane. In Zuniga, et. al., US. Patent No. 6,436,228 Bl,
there are shown a wafer substrate retaining ring which provides a
plurality of discrete points of contact between the ring and the wafer.
However, these various designs do not address the delivery of slurry under
the wafer. Notable progress has been nade in retaining ring design,

pri mari | providés adjegtabds pressuine duninfqrolishing toahé valfeall erdek ewealiss bUérﬁ y past
the retaining ring to the wunderside of the wafer. Chiu, et. al.
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wafer. However, these various designs do not address the delivery of slurry under

the wafer.

Notable progress has been made in retaining ring design, primarily with
regards to the uniform and controllable flow of slurry past the retaining ring to the
underside of the wafer. Chiu, et. al., U.S. Patent No, 5,944,593 shows a retaining
ring which features a plurality of straight channels for the delivery of a slurry and an
added circular groove which provides an internal interconnection of all the straight
channels. This design provides a buffering effect to the delivery of slurry. Lin, et.
al., U.S. Patent No, 6,062,963 cites the use of slurry delivery channels which are
tapered to even out the sfurry flow at the edge of the wafer. Glashauser, U.S.
Patent No, 6,418,567 B1 aiso provides an improved slurry delivery sysiem through
the retaining ring with a central circular channel in the base of the retaining ring
which is fed with slurry through two infets and which distributes slurry to the wafer
through a plurality of inner channels. Pham, et. al., U.S. Patent No, 6,447,380 B1

like Glashauser, also addresses modifications of the retaining ring to improve



through a plurality of inner channels. Pharr, et. al., US. Patent No,
6,447,380 Bl |ike d ashauser, also addresses nodifications of the
retaining ring to inprove 5 slurry delivery to the wafer. While nost of

retaining ring design effort has directed at slurry delivery,

t he

l[ittle has

been gi ven towards edge control. The Mrra-Msa polisher manufactured by
Applied Materials Corporation of Palo Alto, California permts the

application of a first pressure to the backside of the wafer during
polishing through a flexible nmenbrane (designated as nenbrane pressure or

MP) .

appl i ed sliry dedtvenniontperwafgrwhi ch  surrounds and confines the wafer. A
third pressure, referred to as inner tube pressure (ITP), permts the

application of an additional

A second pressure, designated as retaining ring pressure (RRP), is

control |l able downward pressure to a circular

region near the edge of the wafer by means of an inflatable tube, between
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rates whi ch can be made significantly greater

first pressure to the backside of the wafer during polishing through a flexible
membrane (designated as membrane pressure or MP). A second pressure,
designated as retaining ring pressure (RRP), is applied to a retaining ring which
surrounds and confines the wafer. A third pressure, referred to as inner tube
pressure (ITP), permits the application of an additional controllable downward
pressure to a circular region near the edge of the wafer by means of an inflatable
tube, between the membrane and the wafer. With this capability, the present
inventors have found that, using the conventional retaining ring shown if Fig. 1b, for
several values of inner tube pressures (ITP) at a fixed retaining ring pressure (RRP)
the polishing rate always dropped off within the outermost 5 mm. edge portion of a

200 mm. wafer.

In response, the present inventors have developed a new retaining ring
design which permits edge polishing rates which can be made significantly greater
or significantly less than the mean overall wafer polishing rate depending on the
choice of ITP and RRP. None of the prior art provides the capability of such wafer

edge polishing rate adjustment by a simple in-situ pressure change. [n view of the
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or significantly less than the nmean overall wafer polishing rate depending
on the choice of ITP and RRP. None of the prior art provides the
capability of such wafer edge polishing rate adjustnent by a sinple
in-situ pressure change. In view of the 6 above the inproved retaining ring
structure cited by the present invention helps to mnimze deformation of
the polishing pad and thereby is capable of providing good thickness
uniformty and/or surface planarity over a greater portion of the wafer
than was previously possible. 7 SUMWARY OF THE INVENTION It is an object
of this invention to provide a design of a CMP wafer retaining ring which

provi des adousithe® impEIvetl netaRINgUeiY stroctaraVafed bRk HrosshtiRgsfidh ?ézps h§
anot her object of this invention to provide a design of a CVP wafe
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pressure is agylie& to ﬁﬁid retaining ring. It is yet another object of
this i nv&ICiFSRVIPHSHRIEH Y a design of a CWP wafer retaining ring which
provi des the capability of instantaneously nmanipul ating the



polishing rate of the edge region of a wafer by adjusting both the
retaining ring pressure and the wafer pressure agai nst the polishing pad
to make the edge polishing rate either significantly greater than or
significantly less than the main wafer polishing rate. These objects are
acconplished by a retaining ring design having a plurality of straight
slurry delivery groves, angled in the direction of rotation of said ring B
wherein each alternate channel is recessed away fromthe inner
circunference of the bottom pad contacting, surface, of said retaining
ring by a recess which extends upward fromthe bottom surface only
sufficiently to prevent conSAUVMARY IQF TEHEINVEYNTIONIg with the polishing
pad in the area of the recess. Each recess curves outwardly towards the
inner circunference of the retaining ring in a manner to forma symetri cal
segnented tab with a rounded edge, tangent to the inner circunference of

the retainingtid AR oS JTRRL ARGt ﬂoﬁé@@iogé%ﬁﬁgfg‘?\r&“&@mb g{)é?sr thinigpd of

an adjacent non-recéessed slurry chan gnented t contacts’ the
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conpar abl e un-recessed retaining ring. It is another object of this
invention to provide a nethod for inproving the thickness uniformty

and/ or surface planari t%_ of a surface |ayer on a wafer, wherein
It is another object of this invention to provide a design of a CMP wafer

retaining ring which provides secure wafer containment with minimal wafer edge

contact.

It is yet another object of this invention to describe a design of a CMP wafer
retaining ring which provides minimal polishing pad distortion at or near the edge of

a wafer contained therein when downward pressure is applied to said retaining ring.

It is yet another object of this invention to describe a design of a CMP wafer
retaining ring which provides the capability of instantaneously manipulating the
polishing rate of the edge region of a wafer by adjusting both the retaining ring
pressure and the wafer pressure against the polishing pad to make the edge
polishing rate either significantly greater than or significantly less than the main

wafer polishing rate.

These objects are accomplished by a retaining ring design having a plurality

of straight slurry delivery groves, angled in the direction of rotation of said ring



the surface layer initially exhibits radially symretrical non-uniform

thi ckness or planarity between its edge region and its interior region.
This object is acconplished by first depositing or otherwise formng a
desired surface layer to a thickness which is greater than or equal to the
desired final thickness in both edge and interior regions. The wafer is
then nounted on the head of a CWP apparatus which is fitted with a wafer
retaining ring having a recessed 9 face as cited supra and will be
described in greater detail in the first enbodinent of this invention. The
CWVP apparatus nust al so has the capability of selectively and

I ndependenhéreimpptly iaitgrretarshaindeplsasssssed bWBY fRith thdatterdircBnyidficetstoe,
(MP) onto the wafer bulk, and (RRP) onto the retaining ring. Prior to said
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the polishing rates of a corresponding surfac n a cal at’i on
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region of the wafer. The surface layer of the wafer is then polished, using
a set of PWREIRENSIBNeRATMIGTENCR O tharathininghiibgén arrvgnoer tat formfaist er rat e
than the thinner region. A point wll then be reached when the edge region
and the isytenebical sggroantsfd tabewithiaf @eeded edge, tangent to the inner circumference
of the retaining ring, and meeting the inner circumference at the exit end of an

adjacent non-recessed slurry channel.

Each segmented tab contacts the enclosed wafer over a distance, which
includes the width of the slurry channel exit, which is about 11.5 percent of the

contact distance of a comparable un-recessed retaining ring.

It is another object of this invention to provide a method for improving the
thickness uniformity and/or surface planarity of a surface layer on a wafer, wherein
the surface layer initially exhibits radially symmetrical non-uniform thickness or

planarity between its edge region and its interior region.

This object is accomplished by first depositing or otherwise forming a desired
surface layer to a thickness which is greater than or equatl to the desired final
thickness in both edge and interior regions. The wafer is then mounted on the head

of a CMP apparatus which is fitted with a wafer retaining ring having a recessed



| ayer are essentially of the sane thickness or the upper surface of the

|l ayer is essentially planar. If upper |ayer overall thickness uniformty
is sought, the upper surface is not necessarily planar. However, if the
waf er surface was planar overall before deposition of the surface |ayer,
both | ayer thickness and surface planarity will be realized. Finally, if
necessary, the polish paraneters are the switched to a set which gives the
sane polish rate for the edge region and the interior region. The .surface
| ayer is then uniformy polished down to the final desired thickness. 10
BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. la is a cross section show ng a

prior arfacexanpited sfiptehend onibboekissribéd i gehesi getailn® ehafist amidiineht Be
station. Fig. 1 b is an isonetric view of a prior art exanple of a wafer
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slurry delivery channels. Figs. 2a thru 2b are cross s tlon
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isometric view of a portion of the novel wafer retaining ring

corresponding surface layer on a calibration wafer as a function of the ITP and RRP.

It will be found that under one set of parameters the edge polish rate will be
significantly greater than that over the interior region of the wafer. For another set of
parameters the edge polish rate will be significantly less than that over the interior

region of the wafer.

The surface layer of the wafer is then polished, using a set of parameters
which will polish the thicker region at a faster rate than the thinner region. A point
will then be reached when the edge region and the interior region of the surface
layer are essentially of the same thickness or the upper surface of the layer is
essentially planar.  If upper layer overall thickness uniformity is sought, the upper
surface is not necessarily planar. However, if the wafer surface was planar overall
before deposition of the surface layer, both layer thickness and surface planarity will
be realized. Finally, if necessary, the polish parameters are the switched to a set
which gives the same polish rate for the edge region and the interior region. The

surface layer is then uniformly poiished down to the final desired thickness.
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illustrated in Fig. 3a, show ng one segnented tab enconpassing a | ong
slurry delivery channel with an adjacent recess with an adjacent short
slurry delivery channel according to the teaching of the present invention

Fi gs. 4a,
function of
several val

4c, 4e, 4g, and 4i are graphs showi ng polishing rate as a
di stance fromthe center of a 200 nm wafer after CVMP using a
ues of inner tube pressure and a standard retaining ring with

12 slurry channels at a retaining ring pressure of 3.5 psi. 11 Figs. 4b,

4d, 4f, 4h,
di stance fr
val ues of

and 4 are graphs showi ng polishing rate as a function of
omthe center of a 200 mm wafer after CMP using a several
i nner tube pressure and the inproved retaining ring illustrated

in Fig. 3 with 12 slurry channels at a retaining ring pressure of 3.5 psi.
Figs. 5a, 5c, 5e, 5g, and 5i are rlgghs showi ng polishing rate as a

function of
several val

di st ance fB&IEFHES IQN QF J0tE BRAWINGS after CWP using a

ues of inner tube pressure and a standard retaining ring with

12 slurry chahigell@ iat@ erosssestion showinpa pries strexashple. & theiconmapentsbf asd,
5f, 5h, and 5j are graphs showi ng polishing rate as a function of distance
f r om t hechamicat mechanid pelishingfséatiarf.t er CVWP using a several val ues of

i nner tube

pressure and the inproved retaining ring illustrated in Fig. 3

with 12 slurry channels at a retaining ring pressure of 4.5 psi.

Fig. 1b is an isometric view of a prior art example of a wafer retaining ring for

a chemical mechanical polishing station fitted with slurry delivery channels.

Figs. 2a thru 2b are cross sectional views of an in-process wafer undergoing

CMP which illustrate the sfructure and mechanism of the embodiments of the

present invention compared to a corresponding prior art configuration.

Fig. 3a is an isometric view of a novel wafer retaining ring for a chemical

mechanical polishing station fitted with slurry delivery channels and having

alternating recesses and tabs according to the teaching of the present invention.

Fig. 3b is an isometric view of a portion of the novel wafer retaining ring

illustrated in Fig. 3a, showing one segmented tab encompassing a long slurry

delivery channel with an adjacent recess with an adjacent short slurry delivery

channel according to the teaching of the present invention .

Figs. 4a, 4c, 4e, 4g, and 4i are graphs showing polishing rate as a function of

distance from the center of a 200 mm. wafer after CMP using a several values of

inner tube pressure and a standard retaining ring with 12 siurry channels at a

retaining ring pressure of 3.5 psi.
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Fig. 6 is a chart show ng the variation of the average polishing rate in
the edge region as a function of inner tube pressure for the standard and
the inmproved retaining ring. Fig. 7 is a chart show ng that, although the
data point in Fig. 6 for the average edge polishing rate for the standard
retaining ring at 4.5 psi. is greater than the mean polishing rate for the
entire wafer. 12 Figs. 8a through 8c is a sequence of cross sections
showi ng a wafer undergoing the processing steps described in the second
enbodi ment of this invention. 13 DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS

In a first enbodi nent of this invention a design of a retaining ring for a
CWMP head is described. The enbodinent will be geared towards polishing an
oxi de layer on a 200nm dianeter standard silicon wafer. The head of the

CVWP machi ne wiffigs. 4inotdf 4f; ﬂhb@nd@%@@?ﬁbﬁé‘sfﬁ&h@% ngﬁnshMgSraﬁéZa% éﬂn'g{,rﬁ;ggn of

However, the enbodinent is not |limted to a 20 wafer but

appl i ed tdistange fmiethes caster Bf pe200BTh alvatiatateMd MPLEsiRG 8SaRIRS) Jahahbeh the
performance of the novel retaining ring is conpared t0 the perfornmance o

the pri orinaettubetaessurg aridithediesproned $8@MInG Mingl iBustiatBd il ey QRitHBS DRy
used to obtain the data for both old and new
channels at a retaining ring pressure of 3.5 psi.

Figs. 5a, 5¢, e, §g, and 6i are graphs showing polishing rate as a function of
distance from the center of a 200 mm. wafer after CMP using a several values of
inner tube pressure and a standard retaining ring with 12 slurry channels at a

retaining ring pressure of 4.5 psi.

Figs. 5b, 5d, 5f, 5h, and 5j are graphs showing polishing rate as a function of
distance from the center of a 200 mm. wafer after CMP using a several values of
inner tube pressure and the improved retaining ring illustrated in Fig. 3 with 12 slurry

channels at a retaining ring pressure of 4.5 psi.

Fig. 6 is a chart showing the variation of the average polishing rate in the
edge region as a function of inner tube pressure for the standard and the improved

retaining ring.

Fig. 7 is a chart showing that, although the data point in Fig. 6 for the average
edge polishing rate for the standard retaining ring at 4.5 psi. is greater than the

mean polishing rate for the entire wafer.
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retaining ring design was a Mrra-Mesa polisher manufactured by Applied
Materials Corporation of Palo Alto, California. The polisher was fitted
with Titan-1 polisher heads which permt the application of a first
pressure to the backside of the wafer during polishing through a flexible
menbrane and a second pressure to a retaining ring which surrounds and
confines the wafer. The polisher was outfitted with Nano9000 in-situ

t hi ckness netrol ogy, used to determ ne the polishing rates. The slurry and
t he polisher pad used in the evaluation were the ILD1300 slurry and the
OXP4100 polisher pad supplied by Rodel Inc. of Phoenix Arizona. The pad
condi tioni ng diFsdgs Sastaoigh Bbds exqeepicments cnesesddtjanasiovingrowedfeldr esser
SD- 100P. 14 Fig. 2a is a cross section of a conventional retaining ring
22, such andbRfing the PRIJEALRE 4t8pEid@schbéd iPfRSESDROSWBBHIAcRCH R N9 pad
16 causing a depression of the polishing pad. The edge of wafer 12 is
essential%%yégﬂbhed against the retaining ring 22. Under the edge 17 the
waf er the distance between the wafer and the polishing pad 16 is greater
than that over the rest of the wafer. Wiile the entire space between the
waf er and the polishing pad may still be filled with slurry 20, the
pol i shing pad has essentially lost contact with the wafer under the edge.
Consequently, the polishing rate woul d be expected to be significantly

di m nished at the wafer edge. This is what was found, over the entire
range of inner tube
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pressures exam ned, regardless of the value of RRP In order to overcone the
distortion of the polishing pad by the retaining ring at the edge of the
waf er, and thereby inprove polishing rate control in the edge region, the
retaining ring design was nodified to recess the area of contact of the
retaining ring away fromthe wafer edge. Referring nowto Fig. 2b, a cross
section of the redesigned retaining ring 122 is shown. Here the polishing
pad 16 is in continuous wuniformcontact with the wafer 12 all the way out
to the wafer edge 17. Cbviously, if the retaining ring 122 were recessed
along it's entire inner circunference, it's ability to restrict the wafer

movenent woul d be DEJCRIPHON OB THEPRERERRED EMBUBIMENTKS r et ai ning ring
122 is provided with regions along it's bottominner circunference which

are not recessed. 15 Fig. 2b also shows the effect of wafer pressure on the
polishing pad 16 in the region where the retaining ring 122 i s undercut

according to . i . nt i pvention. wnwar d pres of
the vat or 12 'h2TrsEBAHARRL b s BERFEh o (B 68 BurePREMETY B FMF ar or
12. This s ests .t hat -t he | i,shi rate at the very edge of the wafer 12
woul d bOSBASCErCTPE THE bBrarTendrl b srmsed Suariupelsmaage qyie Bipng
rate i s found under conditions where the inner tube pressure I TP is high.
The | TPOpr&d8R@NciAMeter slagdardgilienn stafeneThahead ofibe VP mashinawit
configuration of the recessed edge retaining ring of the

therefore be discussed in terms of this size wafer. However, the embodiment is not

limited to a 200 mm. wafer but may be applied to any wafer size.

Experimental data will be presented in which the performance of the novel
retaining ring is compared to the performance of the prior art retaining ring design
shown in Fig. 1b. The CMP machine used to obtain the data for both old and new
retaining ring design was a Mirra-Mesa polisher manufactured by Applied Materials
Corporation of Palo Alto, California. The polisher was fitted with Titan-1 polisher
heads which permit the application of a first pressure to the backside of the wafer
during polishing through a flexible membrane and a second pressure to a retaining
ring which surrounds and confines the wafer. The polisher was ouffitted with
Nano9000 in-situ thickness metrology, used to determine the polishing rates.

The slurry and the polisher pad used in the evaluation were the ILD1300 siurry and
the OXP4100 polisher pad supplied by Rodel Inc. of Phoenix Arizona. The pad
conditioning disks used in the experiments were Fujimori diamond dresser SD-

100P.
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present invention is shown in isonmetric viewin Fig. 3a where alternate
slurry channels 24' are recessed and encl osed by symmetrical rounded tabs
32 which engage and thereby confine the wafer under the polishing head.
Fig. 3b shows an enlarged and nore planar view of a portion of the novel
retaining ring to illustrate recessed regions 30 and a segnented rounded
tab 32 which has an effective contact width "W. Slurry delivery is also
believed to be enhanced by this design, having now channels of alternating
| engths 24" and 24". The preferred effective contact wwdth "W for a
retaining ring for a 200mm dianeter wafer is between about 8 and 16 mm

I'f an al t er niie 2uEi8nRsCcliosaBRLi6h Fecedivimtibhal Madiaing Sny'22dsudthas tisgnt act
width "W may be nade even snmaller than 8 nm w thout sacrificing the

abi | it yiygburbfe® ihetig M. relsb8d dRinadt %&?s%"irg&béé! 1%06§d§'i}§a1§*(gﬁep‘f‘@££6n of the

Experinents were al'so perfornmed on segnent. conta were no

ded_hut . had ff outer, f traddling the sl hannel .
owover PO Bl Tae ool wdirte KSEResiat Rl agpnnl (PR GE s Ay and

therefore this option was not pursued. The inproved retaining ring 122

i |1 ust réd-edInderthgsedaemlp the wafer breadisipncediativeandbie stafar pndghe polisitiey i al
such as pol yphenyl ene sulfide. The height "H' of the recesses 30 is

pr ef er g/ 166¢ yeeatenbiaut thht avdr thamast Biehpnefear ratidans katirdspade t he

recesses at the exit of the slurry channels 24" is about half the total

thi cknesgwelen the wafer and the polishing pad may still be filled with slurry 20, the
polishing pad has essentially lost contact with the wafer under the edge.
Consequently, the polishing rate would be expected to be significantly diminished at

the wafer edge. This is what was found, over the entire range of inner tube

pressures examined, regardless of the value of RRP

In order to overcome the distortion of the polishing pad by the retaining ring at
the edge of the wafer, and thereby improve polishing rate control in the edge region,
the retaining ring design was modified to recess the area of contact of the retaining
ring away from the wafer edge. Referring now to Fig. 2b, a cross section of the
redesigned retaining ring 122 is shown. Here the polishing pad 16 is in continuous
uniform contact with the wafer 12 ali the way out to the wafer edge 17. Obviously, if
the retaining ring 122 were recessed along it's entire inner circumference, it's ability
to restrict the wafer movement would be compromised. To overcome this,
redesigned retaining ring 122 is provided with regions along it's bottom inner

circumference which are not recessed.

15



of the retaining ring 122. The inproved retaining ring 122 for a 200mm

di aneter wafer preferably has about 12 total slurry channels. Experinents
were perforned to evaluate the inproved retaining ring design. For these
experinments a standard retaining ring of the type shown in Fig. 1 b with 12
slurry channels was used. The inproved retaining ring, fashioned according
to the design in Fig. 3, had six long slurry channels 24", six short
slurry channels 24" and six symetrical segmented rounded tabs 32. For a
200 mm dianmeter wafer and a segnent length "W of 12 mm the total wafer
contact length, defined as Wtinme the nunber of segnented tabs, is only

11.5 percent Fpf 2bh&sbIrevsCthe@ffdct b DefeobresBare 6ietied polighing pad T8ia the
preferred total wafer contact length is between about 7 and 15 percent of

the inngr..ci : : It ai ni (A : FRaNs to
assi st gégc':ﬁ %&F%ﬁi@%tﬁgﬂg éhﬁs?e ,'gt%gdég%ugtég%tm(#ié%g?E\ﬁécgér?dg@q%\een | ess than
7 percent it hout. sacrificing the abiljty of the retaiping,rjng to

sat i sfa@‘ie@fam V“@Bh??n QYRR RIESSYE V\Hhﬁ "E"‘ﬂ{eé 12&%&& ﬂtp%é'ﬁ,él'ngd?qutﬁi ng
pad is free of distortion by the retaining ring, as illustrated in Fig.

2b, ovefis@8bevptheenge of thewafend2. THus ishpgestedhatths pelishing 1A & in the
experinents had a recess depth "D' of about 12 nm and recess height "H'
of abouwergngtigeldfaheabsier i wknddse pastabiban Be bvemnall fEte. rledesd, afmeghght " H'
is preferably always greater than the wafer thickness. The wafers used in

the pol Lshi PEIGHRG FAESESUNE LRJIEP BYBARILAY AhefO h&Mner tube pressure (TP is

high. The ITP presses down the edge region of the wafer.

The most desirable configuration of the recessed edge retaining ring of the
present invention is shown in isometric view in Fig. 3a where alternate slurry
channels 24' are recessed and enclosed by symmetrical rounded tabs 32 which
engage and thereby confine the wafer under the polishing head. Fig. 3b shows an
enlarged and more planar view of a portion of the novel retaining ring to illustrate
recessed regions 30 and a segmented rounded tab 32 which has an effective
contact width “W”. Slurry delivery is also believed to be enhanced by this design,
having now channels of alternating lengths 24" and 24". The preferred effective
contact width “W” for a retaining ring for a 200mm. diameter wafer is between about
8 and 16 mm. If an alternate means to assist securing the wafer is used, the
contact width “W" may be made even smaller than 8 mm. without sacrificing the

ability of the retaining ring to satisfactorily confine the wafer.

Experiments were also performed on segmented contacts which were not
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di anmeter silicon wafers, each with a 10 mcron thick bl anket |ayer of
silicon oxide deposited on their surface by chem cal vapor deposition
(CVD). The thickness of the oxide |ayer on each wafer was nmeasured at nany
| ocations on the wafer before and after polishing using the Nano9000

t hi ckness neasurenent capability of the CM polisher. The tool is capable
of neasuring thicknesses out to about 99.5 mm fromthe wafer center which
is essentially the very edge of the wafer. The polishing rate was then
plotted for the nmany neasurenent |ocations as a function of distance from
the center of the wafer. The polishing slurry and pad were the |1LD1300

sl urry roanded it BEB4LOGuMel o beterpace seapeirid tel slurfFichannéh, Héwevée thdg,
and 4i are experinmental plots of oxide renoval rate versus distance from

the ce;gc@r | %cgﬂgﬂg‘@\fcﬁé fbAnd '?@cﬁ@)gé’wﬁyfl dhhﬁg%ia@ﬁlnbcﬁnodﬂhfefr@ﬁo@é‘%hfs 'o%ﬂ@h t ube

pressure a constant RRP of 5 psi. using the conventional

retainin i correspondi ng experlnental plots for polishing wafers
usi ng tVH%S Hfgglilr}?ggng retaining ring 122 supra are shown in Figs. 4b, 4d,

4f , 4h, and 4j, The polishing paraneters used in all cases are given in
Table |I. Table | Experinmental paraneters for CMP Platen speed 110 rpm

Head speed 104 rpm Menbrane pressure gI\/P) 3.0 psi.
The improved retaining ring 122 illusfrated in Figs, 3a,b is preferably

fabricated of a piastic material such as polyphenylene sulfide. The height "H” of the
recesses 30 is preferably between about 1 and 3 mm. The preferred depths “D” of
the recesses at the exit of the slurry channels 24" is about half the total thickness “t”
of the retaining ring 122. The improved retaining ring 122 for a 200mm. diameter

wafer preferably has about 12 total slurry channels.

Experiments were performed to evaluate the improved retaining ring design.
For these experiments a standard retaining ring of the type shown in Fig. 1b with 12
slurry channels was used. The improved retaining ring, fashioned according to the
design in Fig. 3, had six long slurry channels 24", six short slurry channels 24" and
six symmetrical segmented rounded tabs 32. For a 200 mm. diameter wafer and a
segment length “W” of 12 mm. the total wafer contact length, defined as W time the
number of segmented tabs, is only 11.5 percent of the inner circumference of the
retaining ring. The preferred total wafer contact length is between about 7 and 15
percent of the inner circumference of the retaining ring. If an alternate means fo
assist securing the wafer is used, the contact length can be even less than 7 percent

without sacrificing the ability of the retaining ring to satisfactorily confine the wafer.

17



Slurry flow 100 m./mn. Polishing time 60 seconds Retaining ring
pressure (RRP) 3.5 psi and 4.5 psi. Inner tube pressure (ITP) 1.5 psi to
5.5 psi in 1 psi. intervals Simlar trends of polish rate profiles were
observed for standard retaining ring and inproved retaining ring when the
RRP is fixed at 4.5psi. These results are presented for the standard
retaining ring in Figs. 5a, 5c, 5e, 5g, and 5i and for the inproved
retaini ng ring in Figs. 5b, 5d, 5f, 5h, and 5j. Conpared to the standard
retaining ring design (Fig. I b) under the sane 19 polishing conditions,
inproved retaining ring design (Fig. 3) denonstrated nore flexibility in
the oxide polish rate profile control. For the standard retaining ring, it
was observed that the polish rate near the wafer edge was al ways | ower

conpared to thgh thd S8MMEEMES h‘é%ol‘@g\ﬁ*[?gﬁ?cllj re%%?ﬁ%‘f&%oh%éih@ H&‘Ba:hin@g

the overall polish rate rofile cou y 1 nner pressur

(ITP) a 4l SS ( e fast, e ual or
Sl ow wi ?ﬂ@%‘géﬁ%t SRS \8§F§?8 coheteent el e aR! eyl £8iino 4o
49, and 4i, rel n the RRP is fixed at 3.5Psi, the standard retaining
g Cor I St I e s g6l 3 Sepassrdsnth Dhel Aot 1208, ABGTBHFSS han i n
areas further away fromthe wafer edge. For the inproved retaining ring,
the polhadghtr 't of abouh@nwaf diheadgter thigknessrarns edout OFF MAP. TAe leorss TP, t he
polish rate in

height “H" is preferably always greater than the wafer thickness.

The wafers used in the polishing experiments were conventional 200 mm.
diameter silicon wafers, each with a 10 micron thick blanket layer of silicon oxide
deposited on their surface by chemical vapor deposition (CVD). The thickness of
the oxide layer on each wafer was measured at many locations on the wafer before
and after polishing using the Nano9000 thickness measurement capability of the
CMP polisher. The tool is capable of measuring thicknesses out to about 99.5 mm.
from the wafer center which is essentially the very edge of the wafer. The polishing
rate was then plotted for the many measurement locations as a function of distance
from the center of the wafer. The polishing slurry and pad were the ILD1300 slurry

and the OXP4100 polisher pad respectively.

Figs. 4a, 4c, 4e, 49, and 4i are experimental plots of oxide removal rate
versus distance from the center of the wafer to the edge of the wafer for different
inner tube pressures ITP and a constant RRP of 3.5 psi. using the conventional

retaining ring The corresponding experimental plots for polishing wafers using the
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the wafer edge region is lower than that in the wafer center region (Figs.
4b and 4d). At higher ITP, the polish rate in the wafer edge region
beconmes higher than that in the wafer center region (Figs. 4h and 4j).
Simlar trends of polish rate profiles were observed for standard
retaining ring and inproved retaining ring when the RRP is fixed at
4.5psi. These results are presented for the standard retaining ring in
Figs. 5a, 5c, 5e, 5g, and 5i and for the inproved retaining ring in Figs.
5b, 5d, 5f, 5h, and 5j. Figure 6 shows the average polish rate in the
waf er edge region (the average of the polish rates in the region greater

than 96 merbvmétbﬁlirﬁﬁhgﬂﬂfsdﬁ}@ #ef Siown M Pigsedbaadi ast4H,ehd Andhet ube
pressure for each of the data sets displayed in Figs. 4 and 5. The nean

waf er poll ' ' ] ] izontal line to 20
illust rat%&{éngﬁﬁ?%@@(g%ﬁ@n ?%Fa%%?%v@ggm ﬁ%tbﬂigr'i nproved retaini ng
ring design of the present invention. For standard Retaining ring, under
RRP=4.5 psi and I TP=5.5 psi, the edge polish rate seens to be higher than
the average polish rate according to figure 6. However, the profile data
in Fig. 4i shows a fall-off in the edge region. This is because the edge
polish rate profile under this condition increases beyond the 96mm point
bef ore the ratBabledalbperimenis! paametersifardddBct to the average rate as
shown in Fig. 7. Thus the trend in polishing rate for the standard

retaining Iglzlatre]a% slpséesclt ' 110 rpm.
Head speed 104 rpm.
Membrane pressure (MP) 3.0 psi.
Slurry flow 100 mi./min.
Polishing time 60 seconds
Retaining ring pressure (RRP) 3.5 psi and 4.5 psi.
Inner tube pressure (ITP) 1.5 psi to 5.5 psi in 1 psi. intervals

Similar trends of polish rate profiles were observed for standard retaining ring
and improved retaining ring when the RRP is fixed at 4.5psi. These results are
presented for the standard retaining ring in Figs. 5a, 5¢, 5e, 6g, and 5i and for the

improved retaining ring in Figs. 5b, 5d, 5f, 5h, and 5j.

Compared to the standard retaining ring design (Fig. 1b) under the same
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al ways downward towards the very edge. This is not found for the inproved
retaining ring at | TP=5.5 psi and RRP=4.5 psi. However the data in Fig. 4j
also show a drop off of polish rate at the very edge of the wafer after a
steep increase. The differences in wafer edge polish rate profile between
standard Retaining ring and inproved Retaining ring suggests that the
presence of enpty space between the contact segnents changes the

i nteraction between wafer and pad under different ITP and RRP. In the
standard retaining ring arrangenent, there is pad deformation along the
edges of the retaining ring due to the RRP. In addition, the pad

def or mat ipofishiag cootitooss raptovataetpiting rrapdedigdi(Fige 8) dentonsénadsd wadrer
center. Such pad deformation causes a snmall separation between wafer

surface padibiddimeRrodidé pBasRIratensofild@ntrs 9F v $he BRIMYard raaguhg rid@, it Thi s
al ways results in a |l ower polishing rate at the very 21 edge of the wafer.

Sl i ght |y, awey,dJ5-0m ha tM@@%ﬁisﬁ‘?Qﬁe ﬁéarﬁh@%({&ﬁ%&ag@s~iﬁg}é§}il%&’t@m%@%} fer

center, contact pressure exerted by the pa I gher
and this,resylts in a slightly higher polishing.rate t hese,areas. .In the
or ovea!d it el Padolr M Rt kv 1Al i dhs Y eig BRRdT etk
along the edges of the Retaining ring due (o the RRP. However, the
def or mat PEil¢ §°H\ﬁa§ﬁ tyneshby mneakdfae Pé%@%'rﬁéﬁéﬂcﬂ/w fefaivingLred Phessthere i s
better contact between wafer surface and pad, especially around wafer
edge. Thi(BRPsubesvalinr adpetfash egeshenstovivith respect to that of wafer center.
As shown in Figs. . 4a, 4c, 4e, 49, and 4i, wherein the RRP is fixed at 3.5Psi, the
standard retaining ring consistently has a lower polish rate in the wafer edge region
than in areas further away from the wafer edge. For the improved retaining ring, the
polish rate in the wafer edge region varies with ITP. At low ITP, the polish rate in
the wafer edge region is lower than that in the wafer center region (Figs. 4b and 4d).
At higher ITP, the polish rate in the wafer edge region becomes higher than that in
the wafer center region (Figs. 4h and 4j). Similar trends of polish rate profiles were
observed for standard retaining ring and improved retaining ring when the RRP is
fixed at 4.5psi. These results are presented for the standard retaining ring in Figs.

5a, 5¢, 5e, 5¢, and 5i and for the improved retaining ring in Figs. 5b, 5d, 5f, 5h, and

5.

Figure 6 shows the average polish rate in the wafer edge region (the average
of the polish rates in the region greater than 96 mm. from the center of the waier)
plotted against the inner tube pressure for each of the data sets displayed in Figs. 4

and 5. The mean wafer polish rate of 2.5 kA/min. is also shown as horizontal line to
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polish rate around the wafer edge at different inner tube pressures, i.e.,
hi gh over- polishing at high I TP and hi gh under-polishing at low I TP. The

i nproved Retaining ring structure is able to provide a conpl ete range of
polish rate profile for wafer edge. Mre specifically, it allows wafer edge
polish rate to be adjusted either higher, equal, or |ower than the polish
rate at the wafer center region. On the other hand, the standard retaining
ring al ways gives |low wafer polish rate at wafer edge. The total |ength of
contact segnents and the enpty space between themon the inproved
retaining ring plays an inportant role in allowing different degrees of

cont act hikisieta thdbefiot edbé ronpatiadiidvéd evithetherimpus et sstainintdng deeighdgfes
which, in turn, leads to an inproved wafer edge polish capability. The

i nmpr oved thepaésiritanvditrst ructure is generally applicable in other polisher
heads that ‘uses a simlar retaining ring to keep the wafers in position
during polishing. Wile the trend in polishing rate for the standard
retaining ring is al vvays 22 downward towards the very edge. ThIS is

general ly not found he.i.nproved re Ln 5, psi ,and
AR s bt BTV GG g Gnads REFR ssbana pss Sp wE et o
rate at the very ed e of the wafer after a steep increase well into the
edge r egiPefish FQterﬁe@ﬁ%‘étQ kathighsr thanitee avaragepgisisrate ageeisting to Houtend
extrene edge in all cases but is beyond the capability of the measurenents.
Never t helHesggvelr hithel prpfiley eatar ietFag ndinghowsng fail-gffi ihithardigy reglcendhid ise usabl e
waf er "real

because the edge polish rate profile under this condition increases beyond the

96mm. point before the rate finally trends down with respect to the average rate as

shown in Fig. 7. Thus the trend in polishing rate for the standard retaining ring is still

always downward towards the very edge. This is not found for the improved

retaining ring at ITP=5.5 psi and RRP=4.5 psi. However the data in Fig. 4j also

show a drop off of polish rate at the very edge of the wafer after a steep increase.

The differences in wafer edge polish rate profile between standard Retaining
ring and improved Retaining ring suggests that the presence of empty space
between the contact segments changes the interaction between wafer and pad
under different ITP and RRP.

In the standard retaining ring arrangement, there is pad deformation along
the edges of the retaining ring due to the RRP. In addition, the pad deformation is
not constant along the radial direction towards wafer center. Such pad deformation
causes a small separation between wafer surface and pad near the Retaining ring

edge as shown in Figure 2a. This always results in a lower polishing rate at the very
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estate" at the wafer edge, nmaking this area now useable for integrated
circuit product. The inproved retaining ring allows a flat thickness
profile to be achieved regardless of the incom ng thickness profile (flat,
edge thick, or edge thin). In addition, since the polish rate profiles can
be varied easily through the retaining ring pressure and the inner tube
pressure, polishing conditions can be easily adjusted during polishing to
achieve the desired end profiles. The inproved retaining ring provides a
si npl er and cheaper option for better wafer edge polishing rate as well as
an increase is useable wafer area. In a second enbodi nent of this

i nvent i onedge oktheotlafeor 8Bghtty dkay ifrapn cwedafsraddijenatn@reaknbat ales<y4rhad
herein, is presented. Referring to Fig. 8a, an initially overall planar
200 nm dé\ﬁé‘ieﬁgfn ﬁ/bfér%éhtéﬁ}fc%rnté’c? présdlir8\exaadd BWh%L%af(goh s is! AlighPe eSS

waf er and may al ready have one of nore |evels of ma cture on | yer

49 ¢ il ) . it 4 . “th "
oxi do. 1| ayIFEEREURE QTR SR WLR BB A R IFRRERIE he overal |
thi nner ddie PBgiied it 649 Fangsmedt, hefal dss bedariiarRateton fiond”
Wafer 40 js next nounted on the head of a CMP polishing machi ne such as
the M rrdDRsges sbithe fstamning 8ag wuerodhgiRRR- Hoyeverhiie defgamatian imaway

i mpr oved
from the wafer edge as shown in Figure 2b. There is better contact between wafer

surface and pad, especially around wafer edge. This results in a better response of
polish rate around the wafer edge at different inner tube pressures, i.e., high over-

polishing at high ITP and high under-polishing at low |TP.

The improved Retaining ring structure is able to provide a complete range of
polish rate profile for wafer edge. More specifically, it allows wafer edge polish rate
to be adjusted either higher, equal, or lower than the polish rate at the wafer center
region. On the other hand, the standard retaining ring always gives low wafer polish
rate at wafer edge. The total length of contact segments and the empty space
between them on the improved retaining ring plays an important role in allowing
different degrees of contact between the polishing pad and the wafer surface around
the edges which, in turn, leads to an improved wafer edge polish capability. The
improved retaining ring structure is generally applicable in other polisher heads that

uses a similar retaining ring to keep the wafers in position during polishing.

While the trend in polishing rate for the standard retaining ring is always

22



recessed face retaining ring described by the first enbodi nent of this

i nvention. The polisher also nmust have the capability of selectively and

i ndependently applying downward pressure (I TP) onto back of a wafer edge,
(MP) onto the wafer bulk, and (RRP) onto the inproved retaining ring.
Using a 1LD1300 slurry and the OXP4100 polisher pad, a platen speed of
about 110rpm a head speed of about 104 rpm, a nenbrane pressure of about
3 psi., aslurry flow of about 100 m./mn., a ITP of about 4.5 psi. and a
RRP of about 4.5 psi., the oxide |ayer 42 is polished until the surface
beconmes essentially planar as shown in Fig. 8b. Next ITP is changed to

about 3. Yopsiwararnewardd ﬂ@@er‘if@d&f.nﬁhi@ﬁ%?% eFaﬁlg rﬁ)tt?c%riwcf)%rqﬁgtiﬁrg??\ﬁ%g! i shing

is continued until the final desired t nes S reache 8¢c).

Referrin - F S d bod Ljpat .the first set of parameters
correspog%t?ﬁﬁﬁg 'thﬁg égrggFi ia5 b?%é”@ﬁ“%’é‘?gipﬁw Qwﬁﬁéiqeeaf‘@nmi@gp 3lsfed
faster thﬁg\gth I nteri or. re%egé}, | eadi ng to_an overall planar surface. The
second s&t8f° §%ﬂpa L& polish g JBRISTY 8dga T theywater afterfa seerhiemiaset he
edge region.is polished at approximately the sanme rate as the interior
region, YeHdorigeddge iagien.ddgnag dethat thegrolisbratabeginsdomropefiatither esul t s
using an RRP of 3.5 psi., a first polishing period to planarize the
surface extrememryd isrmlticaseshbainsIbEyoot! the Tapability &f the MBhsumsentshen,

switching ITP to 3.5 psi. (Fig. 4f) would lead the target thickness. The
second eNboelithelets d@ednipiesed réRiMAg rhg sidhiftaitZe:08n a0 thP a5 A5R Weef real

estate” at the wafer edge, making this area now useable for integrated circuit

product.

The improved retaining ring allows a flat thickness profile to be achieved
regardless of the incoming thickness profile (flat, edge thick, or edge thin). In
addition, since the polish rate profiles can be varied easily through the retaining ring
pressure and the inner tube pressure, polishing conditions can be easily adjusted
during polishing to achieve the desired end profiles. The improved retaining ring
provides a simpler and cheaper option for better wafer edge polishing rate as well as

an increase is useable wafer area.

In a second embodiment of this invention, a method for using the improved
retaining ring, described herein, is presented. Referring to Fig. 8a, an initially overall
planar 200 mm. diameter silicon wafer 40 is provided. Wafer 40 is an ‘in-process”
wafer and may already have one of more levels of manufacture on it. A layer 42

of silicon oxide is deposited onto wafer 40. As deposited, the silicon oxide layer 42
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| ayer to a desired thickness wherein the initial surface had an edge region
which is thinner than the interior region. It should be understood that,
for the reverse case, wherein the edge region is thicker than the interior
region, the first set of paraneters to use to achieve a planar surface
woul d be of lower ITP such as reflected in Fig. 4b or 4d,or 5b, or 5d. The
second set of paraneters, to achieve a target thickness (tf) would then be
the sane as those given in the enbodi nent, nanmely those which produce

uni form polishing for both edge and interior regions (Fig. 4f or Fig 5f).
Whi |l e the enbodi nents of this invention are described for a 200 nm

di anet er iswafthinner in fteoedige begiondist 8tandd thé alvetdiaiiterrit rogiornsd i athe 0 ot her
wafer sizes as well. Wiile a silicon oxide |layer was uSed to illustrate

5 : 1S 8 S - nci | f
t he secomlﬁictemmltﬂaﬁtheoéli:céﬂﬂbiidﬂg?@rg Ftnﬁﬂe tﬁf‘ﬁﬁepéhgé'rg foh AR é\%ﬁw't%ﬁ\sﬂho

t he enbodi nent coul d be applied t er materiaf |ayers as ile

this inveptj : HagsRagt i cularly shown and described with reference to
t he preferregé%%gtdl mentsg tth'ereof, it will be understood by those skilled

in the art that various changes in formand details may be nade wi thout
departing fromthe spirit and scope of the invention. Wat is clainmed is:
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Wafer 40 is next mounted on the head of a CMP polishing machine such as

the Mirra-Mesa$ polisher fitted with a Titan-1 polisher head and an improved
recessed face retaining ring described by the first embodiment of this invention. The
polisher also must have the capability of selectively and independently applying
downward pressure (ITP) onto back of a wafer edge, (MP) onto the wafer bulk, and
(RRP} onto the improved retaining ring. Using a ILD1300 slurry and the OXP4100
polisher pad, a platen speed of about 110rpm, a head speed of about 104 rpm., a
membrane pressure of about 3 psi., a slurry flow of about 100 ml./min., a iITP of
about 4.5 psi. and a RRP of about 4.5 psi., the oxide layer 42 is polished until the
surface becomes essentially planar as shown in Fig. 8b. Next ITP is changed to
about 3.5 psi. and, without changing any of the other parameters, polishing is

continued until the final desired thickness "t is reached (Fig. 8c).

Referring back to Fig. 5, it is shown that the first set of parameters
corresponds to the profile Fig. §h wherein the edge region is polished faster than the
interior region, leading to an overall planar surface. The second set of parameters
corresponds to the Fig. 5f profile wherein the edge region is polished at

approximately the same rate as the interior region, leads to the final desired
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-27- CLAIMS 1 A nmethod for planarizing the surface of a | ayer on a
substrate conprising: a) providing a wafer substrate having an essentially
pl anar upper s surface; b) formng a |ayer on said planar upper surface,
said | ayer having an wupper surface conprising an edge region along its
perimeter and an interior region and wherein the thickness of said |ayer
in said edge region is different than the thickness of said |layer in said
interior 10 region but the |l esser of said thickness is greater than a
desired final thickness; c¢) nmounting said substrate on the head of a CW
polisher, said head equipped with (i) a circular wafer substrate retaining
ring conphicknens. To obtgi) the sanrerespitsiysitey ah RRIP o35 péi.j  fiest palisBing

peri pheral surface; (jjj) a lower surface adapted to contact and depress an

upper  spetiaddo plarfarizel theunthcead AdbhiplishEE Withadn MEe bRAi £ aki (Pg! ANy of
the | ower surface of a substrate contained within 20 said I nner “peripheral

surface glelWiflif P P8 5TBGNANS S8 would lead the target thickness.

The second embodiment describes a method for planarizing and polishing a
layer to a desired thickness wherein the initial surface had an edge region which is
thinner than the interior region. It should be understood that, for the reverse case,
wherein the edge region is thicker than the interior region, the first set of parameters
to use to achieve a planar surface would be of lower ITP such as refiected in Fig. 4b
or 4d,or b, or 5d. The second set of parameters, to achieve a target thickness (ty)
would then be the same as those given in the embodiment, namely those which

produce uniform polishing for both edge and interior regions (Fig. 4f or Fig 5f).

While the embodiments of this invention are described for a 200 mm.
diameter wafer, it should be understood that they can be applied to other wafer

sizes as well.

While a silicon oxide layer was used to illustrate the second embodiment of
this invention, the principles and techniques of the embodiment could be applied to

other material layers as well.
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polishing; and (jjjj) said | ower surface having an even nunbered plurality
of slurry channels, extending fromsaid outer peripheral surface to said
i nner peripheral surface, each of said plurality of slurry 25 channels
being radially oriented on said | ower surface, and wherein said plurality
of slurry channels is further arranged in an alternating sequence of |ong
and short channels, proceeding around the perineter of said retainer ring,
wherein each one of said | ong channels extends from said outer 30

peri pheral surface to said inner peripheral surface and each one of said
short channel s extends from said outer peripheral surface to a
corresponding cavity of a plurality of cavities -28- forned in the | ower
surface, each one of said plurality of cavities extending fromsaid inner
peri pher al towards sai d outer peripheral surfaqe for a radial
depth and a h&vaﬁth'%'ﬂﬁ%@W%ﬁ PestbPaYHIAHY ShaYh pgidssrid ¢bWhRevent
depreSS|on of a 5 subjacent polishing pad under the edge of a retained

waf er  adffeEne pdhe grefergdiempodégentsd e@&fd‘W’I"lheall'fiq@;VSt@Pd@a\ih%%s bei ng

further bounded laterally by non-recessed regions which form
skilled in the art that various changes in form and details may be made without

departing from the spirit and scope of the invention.

What is claimed is:
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segnented tabs through which adjacent | ong channels pass, there being as
many segnented tabs as there are |ong 10 channels, each of said segnented
tabs having a rounded edge, tangent to the inner circunference of said
retaining ring, neeting said inner circunference at an end of an adjacent
non-recessed | ong slurry channel and whereby each said segnented tab has
an effective contact width at said 15 r@fer peripheral surface against a
waf er encl osed therein; (ii) means for selectively and i ndependently

appl yi ng agggﬁ@yﬂrd pressure (I TP) onto said wafer substrate edge; (iii)
means for I vely and i ndependently applying a downward pressure (M)
onto said wafer substrate bulk; and 20 (iv) neans for selectively and

i ndependent |y applying a dowmmward pressure (RRP) onto said retaining ring;
d) polishihg sd& thetbod &oeplangrgingitidsarfataiof 3 Idjeownemdulbstiatg canfprisitg: | TP

and RRP conbi nati g und(ﬁr whi c]h thE olish rate of surfa(ie | ayer in the
"egi on having t heA PO & ¥ass SUPSURIE ik AGeSSPRIaI IRt HRRPT2S ¢ ho
polish rate in the rg@ies; having the | esser surface |ayer thickness for a

time period just sufficient to achieve overall planarity; and e) further
pol i shing sai d subf&e@inhgdayaisimspid pdanaspbperBudade RRId layer having an

upper surface comprising an edge region along its perimeter and an
interior region and wherein the thickness of said layer in said edge
region is different than the thickness of said layer in said interior

10 region but the lesser of said thickness is greater than a desired final
thickness;

¢) mounting said substrate on the head of a CMP polisher, said head

equipped with
(1) a circular wafer substrate retaining ring comprising:

15 (i) an inner peripheral surface;

(Ji) an outer peripheral surface;

{Jij) a lower surface adapted to contact and depress an upper
surface of a polishing pad during chemical mechanical
polishing of the lower surface of a substrate contained within

20 said inner peripheral surface of during chemical mechanical
polishing; and

(jiij) said lower surface having an even numbered plurality of
slurry channels, extending from said outer peripheral surface
to said inner peripheral surface, each of said plurality of slurry

25 channels being radially oriented on said lower surface, and
wherein said plurality of slurry channels is further arranged in
an alternating sequence of long and short channels,
proceeding around the perimeter of said retainer ring, wherein
each one of said long channels extends from said outer

30 peripheral surface to said inner peripheral surface and each
one of said short channels extends from said outer peripheral

surface to a corresponding cavity of a plurality of cavities



conbi nati on under which said surface |ayer edge region polishes at
essentially the sane rate as said interior region for a tine period just

30 sufficient to achieve said desired final thickness. 2. The nethod of
claiml wherein said surface |layer is silicon oxide. -29- 3. The net hod of
claim2 wherein said MP is about 3 psi. 4. The nethod of claim3 wherein
the thickness of said surface layer in-€8id s edge region is snaller than
the thickness of said surface layer in said interior region 5. The net hod

of claim4 wherein said P| bet ween about 3.5 and 4.5 p and_said | TP
i s between about 4.5 psi. 35” &%Werf@ CeTﬁ%C*?@’t‘%Sﬁsﬁ'ﬂ FE‘!P”&"]"FM@" wher ei n

t he thi ckness of said SUftfaWFt?eéé%@ﬁdt‘n f&ﬂ‘h ajoeﬁj,ggrgggmﬁ)ée}g! %%%%@\Ua#ﬁ:n

the thickness of said surface layer i sald interi
met hod of claim6 wherei rsa;c:kodte?mnmebmtsm@neémmacﬁaBde;rtd ahdba psight and

\?\lgla(rjell Ips:a?dbglt \l,ﬁ(ra; 2182%3991035 (L.Q}'g%dwzrg%gp%gﬂc'ﬁpblﬁpf%tng gp%sféna(é qsaid
retaining ring and are r @Jtﬁédéﬁt%Qél@iﬁﬂ';ﬁadtth}ﬁjéi'tlﬁ@@ﬁg@rbf@fretéiﬂeé QNaéd on of
sai d polishing head so as t0 enhance t | ow of slurry therethrough.
adjacent to said cavity, each of said plurality of cavities being
further bounded laterally by non-recessed regions which form
segmented tabs through which adjacent long channels pass,
there being as many segmented tabs as there are long
10 channels, each of said segmented tabs having a rounded
edge, tangent to the inner circumference of said retaining
ring, meeting said inner circumference at an end of an
adjacent non-recessed long slurry channel and whereby each
said segmented tab has an effective contact width at said
1% inner peripheral surface against a wafer enclosed therein;
(i) means for selectively and independently applying a downward
pressure (ITP) onto said wafer substrate edge;
(iii) means for selectively and independently applying a downward
pressure (MP) onto said wafer substrate bulk; and
20 (iv) means for selectively and independently applying a downward
pressure (RRP) onto said retaining ring;

d) polishing said surface layer with a slurry flow and using a first ITP
and RRP combination under which the polish rate of surface layer in
the region having the greater surface layer thickness is faster than

25 the polish rate in the region having the lesser surface layer thickness
for a time period just sufficient to achieve overall planarity; and

e) further polishing said surface layer using a second ITP and RRP
combination under which said surface layer edge region polishes at
essentially the same rate as said interior region for a time period just

30 sufficient to achieve said desired final thickness.

2. The method of claim 1 wherein said surface layer is silicon oxide.
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3. The method of claim 2 wherein said MP is about 3 psi.

4, The method of claim 3 wherein the thickness of said surface layer in said

edge region is smaller than the thickness of said surface layer in said interior

region.

5. The method of claim 4 wherein said RRP is between about 3.5 and 4.5 psi.
and said ITP is between about 4.5 psi. and 5.5 psi.

6. The method of claim 3 wherein the thickness of said surface layer in said
edge region is greater than the thickness of said surface layer in said interior

region.

7. The method of claim 6 wherein said RRP is between about 3.5 and 4.5 psi.
and said ITP is between about 1.5 psi. and 2.5 psi.

8. The method of claim 1 wherein said siurry channels are evenly spaced
along the perimeter of said retaining ring and are radially angled in the direction of
rotation of said polishing head so as to enhance the flow of slurry therethrough.



