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The present invention relates in general to semiconductor
processing and more specifically to the field of a structure for
10 mechanical polishing and a method of using the same to planarize
~ a semiconductor substrate.

Background of the Invention
15

Current semiconductor processing generally uses an
elaborate system of metallization interconnects to couple the
various devices which have been fabricated on the semiconductor
substrate. Commonly, aluminum or some other metal is deposited

20 and then patterned to form interconnect paths along the surface of
the silicon substrate. In most processes, a dielectric or insulated
layer is then deposited over this first metal layer. Via openings
are etched through the dielectric layer and a second metal layer is
then deposited. The second metal layer covers the dielectric layer

25 and fills the vias to make electrical contact with the underlying
first metal layer. The purpose of the dielectric layer is to provide
an insulator between the metal layers. Thus, if a third metal
layer is required, then second dielectric layer must be deposited
over the second metal layer to provide electrical insulation. '

30 ‘

Often, the different deposited dielectric layers are
conformal layers which correspond in height to the underlying
metal lines. Thus, the upper surface of each dielectric layer is
characterized by a series of nonplanar height variations which has

35 been found to be undesirable. The art provides various methods
for planarizing the surface of the dielectric layers. One such

method employs abras:ve polishing to remove} the protrudmg steps
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One factor in achieving and maintaining a high and stable

10 polishing rate for CMP is pad conditioning which is a technique
where the pad surface is prepared into a proper state for
subsequent polishing work. Various methods are available to
condition the polishing pad. One method cuts circumferential
grooves into the polishing pad surface to channel slurry between

15 the substrate surface and the pad. These grooves are formed prior
to polishing by means of a milling machine, a lathe, or a press. A
problem with this method is that the ridges forming the grooves
become worn down after repeated polishing cycles. The smoothed
out polishing surface results in a reduction of slurry delivery

20 beneath the substrate surface. This degradation in pad roughness -
over time results in low, unstable, and unpredictable polish rates.

A related method simply provides a polishing pad with

preformed, circumferential, triangular grooves. Then during the

25 polishing step, a diamond tip on an oscillating stylus cuts
additional radial grooves into the polishing pad to further channel
the slurry between the pad and the substrate surface. This
method suffers similar drawbacks as the previous method because
the circumferential grooves eventually get worn away, and the

30 radial grooves being cut into the pad during polishing decrease the
life of the pad.

A third alternative method uses a diamond conditioning disk

to condition the polishin'g pad prior to polishing of the wafer.

35 This method suffers the drawback of the diamonds eventually
being lost from the conditioning disk and becoming mixed in with
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This process of planarizing the substrate surface is generally referred
t® as chem cal nechanical polishing (CW). One factor in
achieving and naintaining a high and stable 10 polishing rate for CWP is
pad conditioning which is a technique 4here the pad surface is prepared
~into a proper state for subsequent polishing work. Various nethods are
avai lable to condition the polishing pad. One nethod cuts
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device fabrication processing step. The above methods do not
work for metal polishing. One reason is that all of them abrade
15 the polishing pad in a manner inconsistent with the requirements
of metal polishing. The pad surface does not yield uniform
polished surfaces without continual reconditioning of the polish
pad. Moreover, abrading the polishing surface dramatically
reduces the useful life of the pad, and it must be changed out
20 often, causing delay in the polishing cycle time as well as adding
to the cost of the process. Additionally, the diamond disk method
introduces corrosion problems due to the metal on the substrate
reacting with the polishing slurry due to the diamonds in the

slurry.

One method evaluated for metal polishing involved using a
brush to roughen the surface of the polishing pad as the
preconditioning step. This method had several drawbacks. First,
residue accumulated in the bristies making the brushes hard to

30 clean. Secondly, the bristies on the brushes tended to break off in
the process, leading to undesirable matter in the slurry.
Furthermore, the brushes wore out quickly even when the bristles
did not break, making this solution very impractical.

35 One method for successfully polishing metal is to use
dummy or blanket wafers as a preconditioning step for the
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ng becaisé approximately 10 blanket wafers are required
before the polishing pad surface is ready for metal polishing. This

10 preconditioning step requires approximately 40-50 minutes to
complete and must be repeated whenever a new polishing pad is
installed and also whenever the polishing pad has remained idle
for a short period of time, approximately 15 minutes. Thus, a
method for quickly attaining a saturated and stable surface for

15 polishing to avoid pockets of slurry giving rise to an uneven

polished surface is desired.

Brief Description of the Drawings
20 _ :
FIG. 1 illustrates, in a top view, a preconditioning plate in a

first embodiment of the present invention.

FIG. 2 illustrates, in a cross-section along line 2-2, the
preconditioning plate of FIG. 1.

25 FIG. 3 illustrates, in a top view, an alternative embodiment
of the present invention.

FIG. 4 illustrates, in a top view, a schematic of a polishing
apparatus to illustrate a method of use for a preconditioning plate
of the invention. |

30 FIG. 5 is a graph comparing the removal rate achieved with a
preconditioning plate of the invention and a prior art method.

It is important to point out that the illustrations may not
necessdrily be drawn to_scale, and that there may be other
35 embodiments of the present invention which are not specifically
illustrated.



pol i shed surfaces without continual reconditioning of the polish pad.

Mor eover, abrading the polishing surface dramatically reduces the
useful life of the pad, and it nust be changed out 20 often, causing delay
in the polishing cycle tine as well as adding to the cost of the
process. Additionally, the dianmond disk neshod I nt roduces corrosion
probl ens due to the netal on the substrate . reacting with the polishing
slurry due to the dianonds in the slurry. 25 One net hod

eval uated for netal polishing involved using a brush to roughen the
surface of the polishiDejajed Bescription ofpacPratarrednEmpadigentthi s net hod
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wafers as a prmamtd)rt iigmvell suitedffor use in metal polishing because the
~4 material of the preconditioning plate does not react with the
slurry to cause corrosion problems on the wafer. The
10 preconditioning plate has at least three intersecting radial ridges
on its surface and is made from a rigid plastic material. The |
preconditioning plate is rotated relative to the surface of the
polishing pad prior to actual polishing to provide a uniform and
stable polishing surface. The preconditioning plate does not
15 abrade or wear away the polishing pad, nor does it form grooves in
the polishing pad. Additionally, the preconditioning plate is
reusable. Use of the preconditioning plate reduces the pad
conditioning time by approximately 90% which substantially
reduces cycle time. These and other features, and advantages,
20 will be more clearly understood from the following detailed
description taken in conjunction with the accompanying drawings.

-1

Iin FIG. 1, a top view of a preconditioning plate 10 is
illustrated as a first embodiment of the invention.

25 Preconditioning plate 10 is shown to be a round disk 12 having
three intersecting radial ridges 14 on its top surface. One reason
why radial ridges are used, as opposed to circumferential ridges,
is to distribute the slurry evenly across the surface of the
polishing pad (not illustrated in this figure) during the

30 preconditioning step. As even distribution is desired, it preferred
that the intersecting radial ridges 14 divide the surface of the
disk 12 into approximately equal sectors. It is envisioned that at
least three ridges are required to effectively condition the
polishing pad for subseguent polishing work. However, the

35 preconditioning plate 10 is in no way limited to having only three
intersecting ridges as a greater number of ridges may also be
used. An actual reduction to practice, which will be discussed in
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to remove the sharp edge but not so much that the tip is too blunt
which would reduce the efficacy of the preconditioning plate in
15 preparing the polishing pad surface. As seen in FIG. 2, the
triangular ridges 14 are formed by intersecting sloping planes.
These planes or sidewalls of the ridges have slope angles
approximately in a range of 30° to 60°. The ridges have a
recommended height ranging from 1.5 to 5§ mm when the plate 12
20 thickness ranges from 3 to 12 mm. The plate thickness is
actually a function of the stiffness of the material used because
it is necessary to keep the plate flat and rigid during the
machining process. From a practical standpoint, a low height
ridge will work better on a thinner plate, while a higher ridge may
25 work better in combination with a thicker plate.

The preconditioning plate 10 should be made from a
chemically neutral and inert material to prevent any reaction with
the slurry. The slurry used in polishing is very corrosive, having a
30 pH of 1-2, so the material should be able to withstand those type
of conditions. Additionally, the material should be machinable,
durable, and rigid to form a sufficiently stiff plate for handling
and for the preconditioning step where the ridges on the plate are
to roughen the surface .of the polishing pad for subsequent
35 polishing work. Materials that are suitable for the
preconditioning plate include polyvinylidine fluoride (PVDF) and
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30 - FIG 5 is a graph conparing the renpval rate achieved with a
preconditioning plate of the invention and a prior art nethod.

It is- inmportant to point out that the illustrations nay not

necessarily be drawn to scale, and that there may be other 35 enbodinents
of the present invention which are not spegi fically i 1 lustrated.
Detail ed Description of a Preferred Enbodi nent The present
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the ridges could be machined, laser etched or otherwise formed

from a bulk disk to form the preconditioning plate 10.

10 FIG. 3 illustrates another embodiment of the preconditioning
plate of the present invention. As mentioned above, the number of
ridges is not limited to three intersecting radial ridges but can be
a larger number. In an actual reduction to practice, a
preconditioning plate 10' having eight intersecting radial ridges

15 14, dividing the disk into eight sectors, was made from PVDF.
The symmetrical pattern formed by an even number of ridges
should not be considered in any way limiting, because an odd
number of ridges may also be used. In the reduction to practice,
the plate was 9 inches (229 mm) in diameter and 0.125 inches

20 (3.18 mm) thick. The ridges were also approximately 3.18 mm
thick. It is desirable to have sufficiently high ridges to channel
the slurry evenly across the surface of the pad. Additionally, a
uniformly flat surface in between ridges will prevent the slurry
from being trapped in pockets on the disk surface. The ridges

25 were formed having sidewall angles of 45°, and the tops of the
ridges were chamfered to remove a sharp edge to prevent forming
grooves in the polishing pad and to prevent breakage/chipping of
the ridge tops. It is important to note that the preconditioning
plate 10' made from PVDF did not form or cut any type of grooves

30 in the polishing pad itself. The ridges on'the plate merely served
to condition the polishing pad surface to achieve a uniform and
stable polishing rate.

FIG. 4 illustrates,.i"n a top view, a schematic of a polishing
35 apparatus 20 to illustrate a method of use for the preconditioning
plate 1Q of the invention. The preconditioning plate 10 fits onto



stabl'e polishing surface. The preconditioning plate does not 15 abrade or

wear- away the polishing pad, nor does it form grooves in t he polishing
pad. Additionally, the preconditioning plate is reusabl e. Use of the
precondi tioning plate reduces the pad conditioning tinme by
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practice, whi ghtated! rdlatides toisthed polishing pad 24 for approximately five
minutes prior to polishing of a wafer. The speed of the rotation is
controliable on the equipment. An actual speed on a reduction to
practice was 28 rpm for five minutes. The rotational speed of the
15 preconditioning step is in no way limited because it can be easily
varied. After this simple and quick preconditioning step, the
polishing pad 24 is primed and ready for the polishing of actual
semiconductor wafers. One polishing pad may be used for a large
number of wafers if no abrasion of the pad occurs. Because the
"~ 20 present method does not abrade the polishing pad, approximately
200 wafers can be polished per single polishing pad. With each
" new polishing pad, a five-minute preconditioning run is required.

After the five minute preconditioning step, then the polish
25 arm 26 which carries the semiconductor substrate 27 to be
polished is positioned over the conditioned polishing pad 24. The
semiconductor substrate 27 is then rotated relative to the
polishing pad for a specified amount of time, typically 3-5
minutes for a tungsten layer, until the excess metal from surface
30 of the substrate is removed. After the first polishing step, it is
typical for the substrate 27 to be given a final polish on the final
polish pad 28. This final polish pad 28 has not been found to
require preconditioning in current processing techniques. Once
the primary polishing pad 24 is preconditioned initially, prior to
35 any actual polishing work, it need not be reconditioned between
polishing of semiconductor wafers. However, it may be desirable



- 6- nore detail below, used nore than three radial intersecting
ridges. A cross-section taken along line 2-2 illustrates the shape of
the ridges 14 in nore detail. 5 As shown in FIG 2, the ridges 14
have "triangul ar" shapes. Each ridge is flattened out at the top to
elimnate sharp edges to prevent abragion of the polishing pad surface
(not shown) during the preconditioning step. Additionally, the ridge
top is flattened in order_to |lessen the, chance of a portion of t

" L he h
ridge breaki ntp cionditiophiheninalishing RAd menpdiealivi SUGRI A ANEB. VORY | senot
the i g e e 0 O i oy rhoat enc
Lo emove' t hogadart e iad, 36 SR, IaRcbAD rafe, WL rerppRThgYstde! o
whi ch woul dhr Ftis emetieodf siilt apreseintsha  pubstantiallyoredycpdacyclen tive
prepari ng e | : : ItRaF 2, th [
ridges 14 reppcg#é]%% %rgon ersépgfgt@ﬁgdaé%g%l%ﬁg‘ gﬁgngs&' t '(Ia'hese pIt ;lngggglrar

sidewal | s of the ridges have sl ope angl es approximately in a range of

30[err] to 60[err], s A . :
ojerr] to 60[err] A Hifior! degantaye ta the preseAtTTRvgAtoncisothe rvetliotior rom

pl ate thickneld prgcongﬁ%ﬁ'ﬁgaﬁf@ea‘t"?‘lﬁﬁléﬁﬁ %ﬁggﬁi%ﬁ%§e§§"ﬁafﬁ& the°
gﬁ:ieaéa{ husedr@mﬁﬁﬂte 34irgchifewedc?\ﬁﬂara( ;?mcbcdilidmﬁagppéat_e of atheand ri gi d
oo one "o mydrih TS Bekiovel A o6 D' bk PRthogutein
may blanket wafers are used to condition the polishing pad. The
removal rate of the polishing pad is a measure of the readiness of
the pad for polishing work: a uniform rate is required before
actual polishing of wafers are performed. As can be seen, the
15 removal rate 34 is achieved with the use of the present invention.
The first run sequence uses the preconditioning plate to prepare
the polishing pad. All subsequent run sequences show that the
removal rate is uniform and stable so that in practice, from the
second run sequence until the polishing pad is replaced, actual
20 wafers may be polished. Contrast to the removal rate 36 which is
a measure of the prior art method where blanket or dummy wafers
are used to condition the pad. Approximately ten blanket wafers
must be used before a stable polishing rate is achieved. Thus, by
using the present invention, approximately 40-45 minutes can be
25 saved for every polishing pad used.

The foregoing description and illustrations contained herein
demonstrate many of the advantages associated with the present
invention. In particular, it has been revealed that the present

30 invention has many advantages over the prior art. It is simple yet
very effective. Corrosion is eliminated because the plastic
material used for the plate does not react with metal slurry or
any of the materials on the semiconductor wafer. Actual
reduction to practice has shown that no wearing or staining of the

35 preconditioning plate occurs because the plastic material is non-
reactive and stable. Furthermore, since there is no diamond
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10. long periods of polishing. The same plate can be cleaned after
10 each preconditioning cycle and then reused for the next new
polishing pad.

Thus it is apparent that there has been provided, in
accordance with the invention, a preconditioning plate for a

15 polishing pad and a method for using the plate that fully meet the
need and advantages set forth previously. Although the invention
has been described and illustrated with reference to specific
embodiments thereof, it is not intended that the invention be
limited to these illustrative embodiments. Those skilled in the

20 art will recognize that modifications and variations can be made
without departing from the spirit of the invention. For example,
the plate may be non-circular in shape. Furthermore, the number
and size of the ridges on the preconditioning plate as well as the
size of the plate itself may be varied from those discussed.

25 Additionally, the type of slurry may be changed to modify the
desired removal rate achievable with the use of the present
invention. Also, the rotational speed of the preconditioning step
may be varied. Therefore, it is intended that this invention
encompasses all such variations and modifications falling within

30 the scope of the appended claims.



10 FIG 3 illustrates another enbodi nent of the preconditioning

pl at.e of the present invention. As nentioned above, the nunber of

ridges is not limted to three intersecting radial ridges but can be a
| arger nunber. In an actual reduction to practice, a precondi ti oni ng
pl ate 10" having eight intersecting radial, ridges 15 14', dividing the
disk into eight sectors, was made from PVERT The symetrical pattern

formed by an even nunber of ridges shoul d not be considered in any way
limting, because an odd nunber of CLAWS nay al so be used. In the
reduction to practice, the plate was 9 inches (229 nm in dianmeter and

0.125 inches 20 3.18 nmm) thick. The ridges were al so, approxinmately 3.18
mm thick. It ss A spreganditionenjer &,mechanical, Rﬂﬁ'éh"fgpcﬂﬁi G &hannel

Ut Tor v {1 at sur f ade eing, SIS event thc sl biry  from
. ] Wi Vi

bei ng trapped in pocket & QF?etP\r,]VBam@( %u%@eghrgﬁe'ﬁﬁéﬁgﬁ@ r% b Bred
havi ng si devvalhl angljes of 4gurface ohetheoptate{ wherein theé dafeteast ¢hreteant ergd
to renbve a sharp edge to p - VeSS L, t a
and to prevent breakage/ chi gﬁ%ﬁ%é%t;ﬁ r?'agﬁi %%@t%@éhm{taﬁtﬁ?@pﬁ ﬁté)to
note that the preconditioni agnter opitheeplate, thelplateheingrcamposed ob@n or
cut any type of grooves 30 rigm t4¥5d pﬂh%ﬁ%ﬂ?j ﬂ?é{.ltiréﬁgiéﬂ mee ridges on the

plate nerely served to condition the polishing p urface to achieve a
uni f or m al@ stabl e polishing rate. FIG 4 illustrates, in a

top view, a schenpti cAofethod forhipalisAing apsemicondifttor waferstrate a
met hod of use for the rec.%ﬂ%t' ni ?gps of: plate 10 of the invention. The
; OS .

precondi tioni ng plat LaHPA
providing a preconditioner having at least three

intersecting ridges on a face of the

15 preconditioner, wherein the at least three
intersecting ridges extend radially outward from a
center of the preconditioner, the preconditioner
being composed of a rigid and chemically neutral
polymer;

20 aligning the preconditioner, face down, over a
polishing pad;

rotating the preconditioner, relative to the polishing
| pad, over a surface of the polishing pad to form a
preconditioned polishing pad; '

25 positioning a semiconductor wafer having a metal
layer on its face, face down, overlying the
preconditioned polishing pad; and

rotating the semiconductor wafer, relative to the
preconditioned polishing pad to planarize the face

30 of the semiconductor wafer.

L
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the face of the end effector drive apparatus 22. This drive appar at us
22 positions the preconditioning plate 10 over a portion of the surface
of the primary polishing pad 24, which is the pol i shing pad requiring
preconditioning. In practice, the 5 preconditioning step is described as
har noni ¢ condi ti oni ng, wherein the sagg. point on the polishing pad 24
passes the sane point on the preconditioning plate 10 with reoccurring

predictability, ich is the reason. it is _desir ave the
precondi ti oni ng \g?-at 2" 1"Uebéogn§rl B?"%ﬁi‘ﬁ @h@eﬂﬂﬁﬁgﬂﬁﬁg&p%fg ' In 10  a

mE‘It h?d Oftusfhfor lthfer?[mpnslm@ ﬁhep‘ste;)soloite_ 10, the plate 10 is rotated
relative to the polishi i es prior
to polishing of a maferBg?ﬁgﬂgﬁég&Hépsﬁﬁgﬂﬁgggﬁﬁéﬁpésaﬁlea%%ﬁ?ﬂ%%Iable on
the equi pment. An actual spotersectingr radied iidges on apfage: tethgas 28 rpm
for five g nutes. The rot ath@eyndii6REr,0wHdIeid Sthepraac faukitt tiordeng step is

and qui ck precondi t1 oni ng JUBSAGNg TagYl ; ddoRg SamaietiSayy; dvdy °
ready for the polishing of et fate of thenpeeconditionenaintosa pluraity iafhi ng
becurs) Becauce the 20 prcxstpre e PRsolEEien, befio AXmpbRRATbs A7 BRC
appr oxi nat el y rigid and chemically neutral polymer;
10 aligning the preconditioner, face down, over a
polishing pad;
rotating the preconditioner, relative to the polishing
pad, over a surface of the polishing pad to form a
preconditioned polishing pad;
15 positioning a semiconductor wafer having a metal
layer on its face, face down, overlying the
preconditioned polishing pad; and
rotating the semiconductor wafer, relative to the
preconditioned polishing pad to planarize the face
20 of the semiconductor wafer.

T



200 wafers can be polished per single polishing pad. Wth each new
poli-shing pad, a five-mnute preconditioning run is required.
Ater the five mnute preconditioning step, then the polish 25 arm 26

which carries the sem conductor substrate 27 to be polished is
positioned over the conditioned polishing pad 24. The sem conductor
substrate 27 is then rotated relative to g polishing pad for a

speci fied amount of time, typically 3-5 m nutes for a tungsten |ayer,
until the excess nmetal fromsurface 30 of the substrate is renoved. After
the first polishing step, it is typi ca¥ for the substrate 2%~I10 be
given a final polish on the final DQ i pad 28. This fiAal polish pad

28 has not been found to

t echni ques. Once the primar i shi precondi ti oned
initially, prior to 35 any actdal i ) g&énot be
“recondi ti oned between ; S. However, it

may be desirable - 9- to
condition the polishing pad h as once eW\ery shift,

during the manufacturing prgcess to nonit he process and to ensure
gl st abl e.
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This method still presents a substantially reduced cycle time 5 process
over. the present practice in the art. r advantage to the

present invention is the reduction THI %‘lﬁ%@d’fﬂﬁ BEE& ng cycle tine. FIG

5 is a graph 32 conparing the r erfoval LAGER achi ¢ved with a
precondltlonlng plate of the 10 invention and the renoval rate 36 with a
prior art nethod wherein bl anket waf e2/@ are used to condition the
pol i shing pad. The renmoval rate of the polishing pad is a neasure of

t he readi ness of the pad for polishing work: a uniformrate igTeddired
before actual polishing of wafers are perfornmed. As can be s€en, the 15
renoval rate 34 is achieved with the use of the present |nvent|on The

first run sequence uses the preconditioning plate to prg¥are

polishing pad. Al subsequent run sequences show that th renmnyal ra
is uniformgnd stable so that in practice, fromthe
until the pqlishing pad is replaced, actual 20
Contrast tolthe renoval rate 36 which is

e
second r un sequepce

net hod wher blanke? or dupm

Approxi matelly ten b g » ng
rate is achileved. Thu¥, A
40-45 m nutgs can be/25 QI ¥ ‘\ he
foregoing d scrlptlon and illustrationg - Ri d 3]

many of the
particul ar,
advant ages
Corrosion i
pl at e does

a inventio
ver the\prior art. [ \ very effg

{th netal

FIG. 4
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any of the materials on the sem conductor wafer. Actual reduction to
practice has shown that no wearing or staining of the 35 preconditioning
pt ate occurs because the plastic material is non- " reactive and stabl e.
" Furthernore, since there is no di agnnd -

- 10- particles being used, no UHEM%MBﬁ'H@ﬁB@FQEk | ose and react with
the slurry or |eave a residue on the sufeRtACH® t he |polishing pad or

the preconditioning plate. Addltio Hy,—Tesidue buildup from bl anket
wafers is elimnated since no ank t hi eve a
uni form surface for ASREGOYDITIN %ﬁoﬁ $5LL§3§1!{% cﬁﬁﬁ present
invention is that it is extr METHOBEFOR USHG-THE SAM precondl tioning

plate is easily nade in a machine shop using i nexpensive naterials and
a single QLate i's reusable for | ong periods of polishing. The sane
~plate can be cleaned after 10 each preconditioning cycle and then reused

for the next new . polishing S apparent t hat
t here has been provided, in %E%?tdﬁcg‘% Pﬁs&ﬁguﬁ]vent i on,

preconditioning plate for a 15 polishing pad and a net hod for u3|ng t he

- plate that fully "Rt récondltloning plate (10) prepares the surface of a

| 10 polishing pad (24) to prepare the pad's surface for subsequent
metal polishing of semiconductor wafers (27). The
preconditioning plate has at least three intersecting radial ridges
(14) on its surface and is made from a rigid plastic material. The
preconditioning plate is rotated relative to the surface of the

15 polishing pad prior to actual polishing to provnde a uniform and
stable polishing surface. The preconditioning plate does not
abrade or wear away the polishing pad, nor does it form grooves in
the polishing pad. Additionally, the preconditioning plate is
reusable.

20

~ This Sheet Has Been Replaced .’ '




neéd and advantages set forth previously. Al thoug]
been described and illustrated with reference to
thereof, it is not intended that the invention be I|n1ted to ese

illustrative enbodi nents. Those skilled in the 20 rQ;muUN19g§ogn|ze t hat
nodi fications and variations can be nmade wi t hout departing friomthe

spirit of the invention. For exanple, 13 the pl rdqular in
shape. Furthernore, the nunber and'§TZE of the_ridges on the
precondi tioning plate as well| as size of the plate itselT may be

vari ed from those dAsBBﬁGQNQlﬂQNERt FQRiIAyPOlHSI‘IIM& RADsANDy nay be

changed to nodify the dMETHOD FORWUSING THEISAMEe Wi th the use of
t he present i nvention. Also, the rotational speed of_the

vention®  encompasses al | such vari ati ons and mod f e CapRT Al \3#5557
within 30 the scope of the ap&ended cl ai ns ‘
CLAI VS - 1. A precondiAbsitaet 1ofr thenBliselostse pol i shing pad on a
pol i shi ng system conpri si ng:
A preconditioning plate (10) prepares the surface of a
10 polishing pad (24) to prepare the pad's surface for subsequent
metal polishing of semiconductor wafers (27). The
preconditioning plate has at least three intersecting radial ridges
(14) on its surface and is made from a rigid plastic material. The
preconditioning plate is rotated relative to the surface of the
15 polishing pad prior to actual polishing to provide a uniform and
stable polishing surface. The preconditioning plate does not
abrade or wear away the polishing pad, nor does it form grooves in
the polishing pad. Additionally, the preconditioning plate is
reusable.

' ¢$\v IU“ .rrggtss

20

Fig, 1
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¥ e a plate having at |east three int .
surface of the plate, wherein the at |east three REPLACEMENT SHEET
intersecting ridges extend radially outward fromja

center of the plate, the plate being conmposed of ja
rigid and chem cally neutral polymer. 10 2 gﬁé’%ﬁ%or pL)I i shing

a sem conductor wafer, conp2f2si ng thelsteps.of.

provi ding a preconditioner having at | east three

intersecting ridges on a face of the 15 ' prcuungf##bﬁﬁ%
wherein the at |east three i ntersecting riddes extend
radially outward from a center of the preconditioner,
t he preconditioner bei ng conposed 8 arigid S

chem cally peutral polyner: 20 alfl ani ng

t he precondj tioner, face down, over a

rotating the preconditioner, relative to the polis
pad, over surface of the polishing pad to fe;nffhhn
precondi ti oned polgghing ) 5 [

waf er having a net
overlying the
rotating the sem cogduct or wafer

precondi ti opned pol
t he sem conduct or

r e\ agNe
hing pad to plana“hgk‘

FIG. &£
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-12- ‘ 3. A nmethod for polishing a sem conductor \PEEPJJACEMEM SHEET
corrp-rl sing the steps of: providing a prec mwerw

at least three i ntersecting radial rb ce jof
the 5 precondi ti oner, wherein the at |4ga t m\?ﬁ%
intersecting radial ridges symretrically divide : the
face of the preconditioner into a plural ity of sector ,
t he preconditioner being conposed of a rgid—amd -

fChem ga| Iy nemblrel detdiy belowlGused more than ethré]éll rdlidhénterseotidgt i oner,
ace down,

ol
rotating the E‘ﬁ%@%ndﬁ thﬂé? sercéﬁoé'[ |t9566 B@ﬁog?nlj'“s"ms the shape
pad, over a sof theeidges hist pnl imgirendetaid t o form a
precondi ti oned polishing pad; 15 positioning a sem conduct or
waf er having a netal yer on its face, face down,

over | yi ng5t he As shown in FIG. 2pr@@oﬂdﬁ@$o1‘fbd"3g)@ "iangyilaglashapes.
rotating the Eggh C@dﬁg%oﬂaﬂéhéﬂ olitlatthee tdP foheliminate sharp edges to
'to Lgcggﬂ L'C,S,Qedp@o' SIS of thé’ 5 '§ olishifig E)gg $618cé 0(no’t shown) during
the preconditioning step. Additionally, the ridge top is flattened
in order to lessen the chance of a portion of the ridge breaking or
10 chipping during the preconditioning step. It is not critical to
remove exactly a certain amount of material at the top of the
ridge. What is important is that the top is sufficiently flattened
to remove the sharp edge but not so much that the tip is too blunt
which would reduce the efficacy of the preconditioning plate in
15 preparing the polishing pad surface. As seen in FIG. 2, the
triangular ridges 14 are formed by intersecting sloping planes.
These planes or sidewalls of the ridges have slope angles
approximately in a range of 30° to 60°. The ridges have a
recommended height ranging from 1.5 to 5 mm when the plate 12
20 thickness ranges from 3 to 12 mm. The plate thickness is
actually a function of the stiffness of the material used because
it is necessary to keep the plate flat and rigid during the
machining process. From a practical standpoint, a low height
ridge will work better on a thinner plate, while a higher ridge may
25 work better in combination with a thicker plate.

The preconditioning plate 10 should be made from a
chemically neutral and inert material to prevent any reaction with
the slurry. The slurry used in polishing is very corrosive, having a
30 pH of 1-2, so the material should be able to withstand those type
of conditions. Additionally, the material should be machinable,
durable, and rigid to form a sufficiently stiff plate for handling
and for the preconditioning step where the ridges on the plate are
to roughen the surface of the polishing pad for subsequent
35 polishing work. Materials that are suitable for the
preconditioning plate include polyvinylidene fluoride (PVDF) and




13 4. The nethod of claim2 or 3, characterised such ter "%@ES&%ET
provi di ng the preconditioner is performed by providirgfa
precondi tioni ng di sk i ncl udi ng pol yvinylidene fluoride , @@ PN ook
et hacryl ate, pol yvi nyl chl ori de and pol ycarbonat e. The met hod pfi
cldim2 or 3, characterised such that thei8tep of rotati the
preconditioner is performed for approximtely five m nut 6.___The net h d
of claim2 or 3, characterised such that the step of p05| tioning tne
sem conduct or 4 waf | i L EFE@C? &)%@Q
- layer includi ng ﬂ{\ggltggﬂryd é@éaxﬂ?rg &30?4‘1&% clarm rm%&ggha a ten%ed
such that the stégecpﬂ'e q Perfom%bﬁrWGUMPcﬂfGFor}@ﬂﬁ@“&}i‘P&d by

provi di ng a pl astineludli b 1ddrﬂ%§oride, olfnethyd meethadrytuge) polystigibed,
wherein each ri d%‘l&g‘fm%ﬁ? E’?g‘% dge tgp Yguch tﬁgt |tp‘|§s flattened
y e

to prevent breakage arp edges. 8. The method of claim?2
or 3, characterised such that step of providing the preconditioner is

per formed by r ovitd metidbPdisin 29k chadtigséd madhgthaathe step of iropeang!thei ng
Si deval | sl ope. arjggsh ARRREY s Pk e tcd spRGAntkely AV frbnieds 50

6. The method of claim 2 or 3, characterised such that the step of positioning
the semiconductor wafer comprises positioning a wafer having an exposed
layer including tungsten.

- 7. The method of claim 2 or 3, characterised such that the step of providing

~ the preconditioner is performed by providing a plastic disk having ridges
which are trlangular shaped, wherein each ridge has a chamfered ridge top
such that it is flattened to pr_event breakage by eliminating sharp edges.

8. The method of claim 2 or 3, characterised such that step of providmg the .
preconditioner is performed by providing a plastic disk having triangular |
ridges having sidewall slope angles approximately in a range of 30° to 60°,

9. The method of claim 8, characterised such that the step of providing the
precondltioning digk provides sald disk having a thickness approximately
3 to 12 millimeters and wherein said ridges on the face of the disk have a
height measuring approximately 1.5 to 5 millimeters.

10. The method of claim 2 or 3, characterised such that the step of rotating the
preconditioner is performed for approximately five minutes.
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9.

the -
approximately

The.met hod of claim8, characterised such fhy AGMBFSG%T rovi di ng

precondi tioning di sk provides said disk fhaving a thicKngss

3 to 12 mllimeters and wherleiln g8 §Epi gogs [0} the face

of the di sk have a hei ght neasuring approdinately 1.5 to 3 fillineters.
10. The nethod of claim?2 or 3, char act erlitsed [suchThar—tte—sfep of

rotating the

m nut es.

10

15

20

preconditioner is perfornmed f approximately f{ive

A PRECONDITIONER FOR A POLISHING PAD AND
METHOD FOR USING THE SAME

Abstract of the Disclosure

A preconditioning plate (10) prepares the surface of a
polishing pad (24) to prepare the pad's surface for subsequent
metal polishing of semiconductor wafers (27). The
preconditioning plate has at least three intersecting radial ridges
(14) on its surface and is made from a rigid plastic material. The
preconditioning plate is rotated relative to the surface of the
polishing pad prior to actual polishing to provide a uniform and
stable polishing surface. The preconditioning plate does not
abrade or wear away the polishing pad, nor does it form grooves in
the polishing pad. Additionally, the preconditioning plate is
reusable.

Fig. 1



