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This application is a continuation-in-part of U.S.
Patent Application Serial No. 08/605,769, filed February 22,
1996, which is a cohtinuation-in-part of U.S. Patent
Application Serial No. 08/413,982, filed March 28, 1995.

Background
. This invention relates generally to semiconductor
manufacture, and more particularly to a method for forming a
transparent window in a polishing pad for use in chemical
mechanicél polishing (CMP).

In the process of fabricatihg modern semiconductor
integrated circuits (ICs), it ‘is necessary to form various
material layers and structures over previously formed layers
and structures. However, the prior formations often leave
the top surface topography of an in-process wafer highly
irregular, with bumps, areas of unequal elevation, troughs,
trenches, and/or other surface irregularities. These
irreqgularities cause prdblems when forming the next layer.
For example, when printing a photolithographic pattern
having small geometries over previously formed lafers, a
very shallow depth of focus is required. Accordingly, it
becomes essential to have a flat and planar surface,
otherwise, some parts of the pattern will be in focus and
other parts will not. In fact, surface variations on the
order of less than 1000 & over a 25 x 25 mm die would be
preferable. In addition, if the irregularities are not
leveled at each major processing step, thewsurface



irregular, wth bunps, areas of unequal elevation, troughs, trenches,
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a planarized wafer surface at critical points in the
manufacturing process.

_One method for achieving semiconductor wafer
Planarization or topography removal is the chemical
mechanical polishing (CMP) process. In general, the
chemical mechanical polishing (CMP) process involves holding
and/or rotating the wafer against a rotating polishing -
platen under a controlled pressure. As shown in Fig. 1, a
typical CMP apparatus 10 includes a polishing head 12 for
holding the semiconductor wafer 14 against the polishing
platen 16. The polishing platen 16 is covered with a pad
'18. This pad 18 typically has a backing layer 20 which
interfaces with the surface of the platen and a covering
layer 22 which is used in conjunction with a chemical
polishing slurry to polish the wafer 14. However, some pads
have only a covering layer and no backing layer. The
covering layer 22 1is usually either an open cell foamed
polyurethane (e.g. Rodel IC1000) or a sheet of polyurethane
with a grooved surface (e.g. Rodel EX2000). The pad
material is wetted with the chemical polishing slurry
containing both an abrasive and chemicals. One typical
chemical slurry includes KOH (Potassium Hydroxide) and
fumed-silica particles. The platen is usually rotated about
its central axis 24. In addition, the polishing head is
usually rotated about its central axis 26, and translated



pl anari zed wafer surface at critical points in the nmanufacturing process.
OGne nethod for achi eving sem conductor wafer planarization or topography
reanaI_ls t he chem cal nechanical polishing (CMP) process. In general, the
chem cal mechani cal polishing (CWP) process involves hol di ng and/ or
rotating the wafer against a rotating $olishing platen under a controlled
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was not possible to monitor the characteristics of the wafer
during the CMP process. Typically, the wafer was removed
from the CMP apparatus and examined elsewhere. If the wafer
did not meet the desired specifications, it had to be

- reloaded into the CMP apparatus and reprocessed. This was a
time consuming and labor-intensive procedure. Alternately,
the examination might have revealed that an excess amount of
material had been removed, rendering the part unusable.
There was, therefore, a need in the art for a device which
could detect when the desired surface characteristics or
thickness had been achieved, in-situ, during the CMP
process. -

Several devices and methods have been developed for
the in-situ detection of endpoints during the CMP process.
For instance, devices and methods that are associated with
the use of ultrasonic sound waves, and with the detection of
changes in mechanical resistance, electrical impedance, or
wafer surface temperature, have been employed. These
devices and methods rely on determining the thickness of the
wafer or a layer thereof, and establishing a process
endpoint, by monitoring the change in thickness. 1In the
case where the surface layer of the wafer is being thinned,
the change in thickness is used to determine when the



3 across the surface of the platen 16 via a translation arm 28. Although
j.ust one polishing head is shown in Fig. 1, CWP devices typically have nore
t'han one of these heads spaced circunferentially around the polishing
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Summary of the Invention
In general, in one aspect, the invention is directed

to a polishing pad for a chemical mechanical polishing
apparatus. The polishing pad comprises a polishing surface
with an aperture formed therein. The aperture includes a
first section with a first dimension and a second section
with a second dimension. A substantially transparent plug
is positioned in the aperture. The plug has a first portion
positioned in the first section of the aperture and a second
portion positioned in the second section of the aperture.
There is a means for securing the plug in the aperture.

In general, in another aspect, the invention is
directed to a method of forﬁing a polishing pad. An
aperture is formed_in'the polishing pad such that the
aperture includes a first section with a first dimension and
a second section with a second dimension. A substantially
transparent plug is placed in the aperture. A first portion
of the plug is positioned in the first section of the
aperture and a second portion of the plug is positioned in
the second section of the aperture. The plug is secured in
the aperture. '



changes in nechani cal resistance, electrical inpedance, or wafer surface
tenperature, have been enpl oyed. These devices and nethods rely on o
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a process endpoint, by nonitoring the change’in thickness. In the case
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section of the aperture. The first dimension may be larger
than the second dimension. The plug may be a pPolyurethane
material, and the adhesive may be an elastomeric
polyurethane material. The first section of the aperture
may be formed in a first layer, and the second section of
the aperture may be formed in a second layer. The removing
.step may include removing the first section from the first
layer of the polishing pad and removing the second section
from a second layer of the polishing pad. The durometer
measurement of the first layer may be greater than the
durometer measurement of the second layer. The top surface
of the plug may be coplanar with the polishing surface,
whereas the thickness of the second portion of the plug may
be less than the depth of the second section of the
aperture.

Additional objects and advantages of the invention
will be set forth in the description which follows, and in
part will be obvious from the description, or may be learned
by practice of the invention. The objects and advantages of
the invention may be realized by means of the
instrumentalities and combinations particularly pointed out
in the clainms.

Brief Description of the Drawing

The accompanying drawings, which are incorporated
and constitute a part of the specification, schematically
illustrate an embodiment of the invention, and together with
the generai description given above and the detailed



Summary of the Invention In general, in one aspect, the invention is
directed to a polishing pad for a chem cal nechanical polishing apparatus.
The polishing pad conprises a polishing surface with an aperture forned
therein. The aperture includes a first section with a*first dinension and a
second section with a second dinension. A substantially transparent plug is
positioned in the aperture. The plug has a first portion positioned in the
first section of the aperture and a second portion positioned in the second
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FIGS. 3A-D are simplified cross-sectional views of
respective embodiments of the window portion of the
apparatus of Fig. 2. _

FIG. 3E is a simplified top view of the transparent
plug used in the window portion of FIG. 3D.

| FIG. 3F is a simplified cross-sectional view
illustrating the assembly of the window portion of FIG. 3D.

FIG. 4 is a simplified cross-sectional view of a
window portion of the apparatus of Fig. 2, showing
components of a laser interferometer generating a laser beanm
and detecting a reflected interference beam.

FIG. 5 is a simplified cross-sectional view of a
blank oxide wafer being processed by the apparatus of Fig.
2, schematically showing the laser beam impinging on the
wafer and reflection beams forming a resultant interference
bean. : :

FIG. 6 is a simplified top view of the platen of the
apparatus of Fig. 2, showing one possible relative
arrangement between the window and sensor flag, and the
sensor and léser interferometer. '

FIG. 7 is a top view of the platen of the apparatds
of Fig. 2, showing a relative arrangement between the window
and sensor flag, and the sensor and laser, where the window
is in the shape of an arc. -

FIG. 8 is a flow chart of a method of piece~wise
data acquisition in accordance with the present invention.
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FIG. 10B is a block diagram of a forward-looking
method of determining the endpoint of a CMP process to thin
the oxide layer of a blank oxide wafer in accordance with
the presént invention.

FIGS. 11A-C are simplified cross-sectional views of
a patterned wafer with an-irregular surface being processed
by the apparatus of Fig. 2, wherein Fig. 11A shows the wafer
at the beginning of the CMP process, Fig. 11B shows the
wafer about midway through the process, and Fig. 11C shows
the wafer close to the point of planarization.

FIG. 12 is a flow chart diagram of a method of
determining the endpoint of a CMP process to planarize a
patterned wafer with an irregular surface in accordance with
the present invention.

FIG. 13 is.a graph showing variation in the data
signal from the laser interferometer over time during the
planarization of a patterned wafer.

FIG. 14 is a block diagram of a method of
determining the endpoint of a CMP process to control the
film thickness overlying a particulariy sized structure, or
group of similarly sized structures, in accordance with the
present invention.



Brief Description of the Draw ng The acconpanyi ng draw ngs, which
are irncorporated and constitute a part of the specification, schematically
“illustrate an enbodi nent of the invention, and together with the general
description given above and the detailed ’

6 description given below, serve to explain the principles of the

I nventi on. FIG 1 is a side viewsgof a chem cal nechanical polishing
(CWP) apparatus typical of the prior art. FIG 2 is a side view of a
chem cal nechani cRIGpolsahigga aphapaifsedi thoesepoctionel eeiéwnogoast ruct ed
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t he appar aiarroy-diiapeter laser beam. 3E is a sinplified top view of the

transparent plug pged 168t08 X 85aP1ReIEA0Br8EsF&etBbhal view of a
' wafer with a surface imperfection being illuminated by a
wide-diameter laser beam.

FIG. 16 is a graph showing the cyclic variation in
the data signal from the laser interferometer over time
during the thinning of a blank oxide wafer and including the
high frequency signal associated with a nonuniform wafer
surface.

FIG. 17 is a schematic representation of a CMP
system including an interferometer and a computer programmed
to analyze and respond to the output signal of
interferometer waveform.

FIG. 18 is a block diagram showing the functionality
that is implemented within the computer to perform in-situ
monitoring of uniformity.

FIGS. 19(a)—(cf show examples of an interferometer
signal, the interferometer signal after it has been filtered
by a low frequency bandpass pass filter, and the
interferometer signal after it has been filtered by a high -
frequency bandpass pass filter, respectively.

FIG. 20(a) ~(b) are flow charts showing the
procedure for generating and then using a signature of a CMP
system to qualify it for production use.

FIG. 21(a) is simplified cross-sectional view of an
embodiment of the window portion of the apparatus of Fig. 2
employing the polishing pad as the window, and showing a
reflection from the backside of the pad.

FIG. 21(b) is a graph showing the cyclical variation
in the data signal from the laser interferometer over time



FIG 3F is a sinplified cross-sectional view illustrating the assenbly of
the wi ndow portion of FIG 3D. FIG 4 is a sinplified
“cross-sectional view of a window portion of the apparatus of Fig. 2,

showi ng conmponents of a laser interferoneter generating a | aser beam and
detecting a reflected interference beam FIG 5is a sinplified
cross-sectional view of a blank oxide wafer being processed by the
apparatus of Fig. 2, schematically show ng the | aser beam i npi nging on the
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FIG. 21(d) is a graph showing the cyclical variation
in the data signal from the laser interferometer over time
without the large DC component caused by reflection from the
backside of the pad as a result of the diffuse backside
surface of the embodiment of Fig. 21(c). '

Description of the Preferred Embodiment(s] _

Fig. 2 depicts a portion of a CMP apparatus modified
in accordance with one embodiment of the present invention.
A hole 30 is formed in the platen 16 and the overlying
platen béd 18. This hole 30 is positioned such that it has
a view of the wafer 14 held by a polishing head 12 during a
portion of the platen’ s rotation, regardless of the
translational position of the head 12. A laser
interferometer 32 is fixed below the platen 16 in a position
enabling a laser beam 34 projected by the laser
interferometer 32 to pass through the hole 30 in the platen
16 and strike the surface of the overlying wafer 14 during a
time when the hole 30 is adjacent the wafer 14.

: A detailed view of the platen hole 30 and wafer 14
(at a time when it overlies the platen hole 30) are shown in
Figs. 3A-C. As can be seen in Fig. 3A, the platen hole 30
has a stepped diameter, thus forming a shoulder 36. The
shoulder 36 is used to contain and hold a quartz insert 38
which functions as a window for the laser beam 34. The
interface between the platen 16 and the insert 38 is sealed,
so that the portion of the chemical slurry 40 finding its



7 FIGS. 9A-B are graphs show ng the cyclic variation in the data
signat fromthe laser interferometer over time during the thinning of a

bl ank oxi de wafer. The graph of Fig. 9A shows the integrated val ues of the
data signal integrated over a desired sanple tine, and the graph of Fig. 9B
shows a filtered version of the integrated val ues. FIG 10Ais a

bl ock di agram of a backward-|ooking method of determ ning the endpoint of a
CMP process to t@in t he oxi de Iaxer of a bl ank oxide wafer in accordance
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interferometer 32. The thinnér the layer of slurry 40
. between the insert 38 and the wafer 14, the less the laser
beam 34 and light reflected from the wafer, is attenuated.
It is believed a gap of appfoximately 1 mm would result in
acceptable attenuation values during the CMP process.
However, it is preferable to make this gap even smaller.
The gap should be made as small as possible while still
ensuring the insert 38 does not touch the wafer 14 at any
time durihg the CMP process. In a tested embodiment of the
present invention, the gap between the insert 38 and wafer
14 was set at 10 mils (250 um) with satisfactory results.
Fig. 3B shows an alternate embodiment of the platen
16 and pad 18. 1In this embodiment, the quartz insert has
been eliminated and no through-hole exists in the pad 18.
Instead, the backing layer 20 (if present) of the pad 18 has
been removed in the area bverlying the hole 30 in the platen
16. This leaves only the polyurethane covering layer 22 of
the pad 18 between the wafer 14 and the bottom of the platen
16. It has been found that the polyurethane material used
in the covering layer 22 will substantially transmit the
laser beam 34 from the laser interferometer 32. Thus, the
portion of the covering layer 22 which overlies the platen
hole 30 functions as a window for the laser beam 34. This



FIG 14 is a block diagramof a nethod of deternining the endpoint of a CW
process to control the .filmthickness overlying a particularly sized
Structure, or group of similarly sized structures, in accordance with the

present invention. 8 Fl G
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that pad wear becomes irrelevant. In the first-described
embodiment of Fig 3A, the gap between the quartz insert 38
and the wafer 14 was made as small as possible. However, as
the pad 18 wears, this gap tends to become even smaller.
Eventually, the wear could become so great that the top
surface of the insert 38 would touch the wafer 14 and damage
it. since the pad 18 is used as the window in the alternate
embodiment of Fig 3B, and is designed to be in contact with
the wafer 14, there are no detrimental effects due to the
wearing of the pad 18. It is noted that tests using both
the opaque open-cell and transparent grooved surface types
of pads have shown that the laser beam is less attenuated
with the transparent grooved surface pad. Accordingly, it
is preferable that this type of pad be employed.

Although the polyurethane material used in the
covering layer of the pad is substantially transmissive to
the laser beam, it does contain certain additives, such as
nylon microspheres, which inhibit its transmissiveness.

This problem is eliminated in the embodiment of the
invention depicted in Fig. 3C. In this embodiment, the
typical pad material in the region overlying the platen hole
30 has been replaced with a solid polyurethane plug 42.

This plug 42, which functions as the window for the laser
beam, is made of a polyurethane material which lacks the
nylon microspheres. Accordingly, the attenuation of the
laser beam 34 through the plug 42 is minimized. The plug 42
may be integrally molded into the pad 18.



to anal yze and respond to the output signal of interferoneter waveform
FIG 18 is a block diagram show ng the functionality that is inplenented
W thin the conputer to performin-situ nonitoring of uniformty.

FIGS. 19(a)-(c) show exanples of an interferonmeter 'signal, the
interferoneter signal after it has been filtered by a | ow frequency
bandpass pass filter, and the interfeponeter signal after it has been
filtered by a high frequency bandpass.pass filter, respectively.

FIG 20(a) -(b) arerfesampher,t theh@liureg maye ber doatede biyopogerieat i ng and
G 210t faild G InEdPh oHb18 Ol nds Dech ot SEHCLRET, U5
wi ndow porpobishing rpadppdfhe utignidi polyureathane nis tered| tehfaympad as
the w ndovy) @pdys{ @M 19 fnE&dtiyOoRoiaed 1heo b@ﬁé%@ﬁéﬂiﬁ@ﬁp&éd- o
FIG 21(b)_1s a graph showi ng the cyclical variation_in the {a signal
fromthe lﬁéﬁﬁrﬁ?ﬁ%f§er%ﬂ%t%ﬂuﬁvé? ¥Pﬁ%§ be ‘preformed as a solid
9 insert. This insert could be placed in the bulk molten
' polishing pad material, and then the entire assembly could
be cured so that the material of the plug 42 and the
material of the polishing pad 18 bond together. When the
assembly is cooled, the polyurethane plug 42 would be
integrally molded into the polishing pad. However, the
material of the polishihg pad 18, and specifically the
covering layer 22, is different from the material of the
polyurethane plug 42. Therefore when the assembly is cured,
the material of the plug 42 tends to contract and buckle the
window up or down. This causes either a cup which can
accumulate slurry or a bump which can damage the wafer 14.
Referring to FIGS. 3D, in another embodiment, a two-
level'plug 600 is positioned in the polishing pad 18 above -
the platen hole 30. The two-level plug 600 is formed of a
relatively transparent material which acts as a window for
the laser beam. The material of the two-level plug 600 may
be a substantially pure polyurethane available from Rodel of
Newark, New Jersey, under the product name EX-2000. Such a
material is chemically inert vis-a-vis the polishing
process, and erodes at the same rate as the polishing pad.
The two-level plug 600 includes an upper plug portion 602
and a lower plug portion 604. The upper plug portion 602
fits into a hole or opening 630 in the covering layer 22 and
the lower plug portion 604 fits into a hole or opening 632
in the backing layer 20. The top surface 606 of the upper
plug portion 602 is co-planar with the top surface 23 of the
polishing pad 18. There may be a gap 610 between the lower



with a | arge DC conponent caused by the reflection fromthe backside of the
pad of the enbodi ment of Fig. 21(a). FIG 21(c) is sinplified
cross-sectional view of an enbodi nent of the w ndow portion of the
apparatus of Fig. 2 enploying the polishing pad as the window with a

di ffused backside surface to suppress reflections. FIG 21(d) is a
graph showi ng the cyclical variatiom3n the data signal fromthe | aser
interferoneter over tine without the | arge DC conponent caused by _
refl ecti orsunfane E0®Haskstie dwéepag poreicessdd Hidtere dibpuse backside
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Therefore, the denser material of the two-level plug 600

does not create a locally increased load. Thus, the two-
level plug 600 does not adversely affect the polishing of
the wafer 14.

Referring to FIGS. 3E and 3F, the polishing pad 18
may be assembled as follows. The two-level plug 600 is
machined or molded from a solid piece of polyurethane. An
aperture 612 is cut into a polishing pad 18. Alternately,
the polishing pad 18 may be integrally molded with the
aperture 612. The aperture 612 includes two sections. The
first section of the aperture may be the hole 630 in
covering layer 22 and the second section of the aperture may
be the hole 632 in the backing layer 20. The aperture 612
matches the shape of two-level plug 600. The plug may be in
the form of adjacent rectangular slabs having different
cross-sectional areas. Specifically, the cross-sectional
area of the lower plug portion 604 may be larger than the
cross—-sectional area of the upper plug portion 602. The
upper plug portion 602 may have a length L, of about 2.0
inches and a height H, of about 0.5 inches The lower Plug
portion 604 may have a length L, of about 2.2 inches and a
height H, of about 0.7 inches. Thus, the lower plug portion



has a stepped diameter, thus form ng.a shoul der 36. The shoul der 36 is used
to contain and hold a quartz insert 38 which functions as a wi ndow for the
1aser beam 34. The interface between the platen 16 and the insert 38 is

seal ed, so that the portion of the chemcal slurry 40 finding its

10 way between the wafer 14 and insert 38 cannot |eak through to the bottom
of the platen 16. The quartz insert 38 pfotrudes above the top surface of
the platen 16 and partially into the platen pad 18. This protrusion of the
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It is bel tbandthegdpwer pipgopobrktieny 6D4pmthisl dsr astl hecessary.
Instead, the upper plug portion 602 may be smaller than the.
lower plug portion 604. The upper plug portion 602 has a
thickness T, equal to the thickness of covering layer 22,
‘i.e., about fifty mils. Thus, the thickness T, is equal to
the depth D, of the first section of the aperture. The
lower plug portion 604 is thinner than the backing layer 20
by about ten mils. The lower plug portion 604 may have a
thickness T, of about forty mils. Thus, the thickness T, is
less than the depth D, of the second section of the
aperture.

An adhesive material 614 is placed on the rim 616 of
the lower plug portion 604. The adhesive material 614 may
be an elastomeric polyurethane available from Berman
Industries of Van Nuys, California under the trade name WC-
575 A/B. Other adhesive materials, such as rubber cement or
an epoxy, may also be used for the adhesive material 614.

An area 618 on the underside of covering layer 22 is
cleaned by scraping off any adhesive debris and washing the
area with'acetone. Then the two-level plug 600 is inserted
into the aperture 612 until the rim 616 of plug 600 contacts
the area 618 of the polishing pad 18. . This contact area is
placed under a load of approximately fifteen to twenty
pounds per square inch. This forces the adhesive material
614 into the gaps between upper plug portion 602 and
covering layer 22 or between lower plug portion 604 and
backing layer 20. After a few days at room temperature, the



acceptabl e attenuati on val ues during the CMP.process. However, it is
preferable to nmake this gap even smaller. The gap shoul d be nade as snal
“as possible while still ensuring the insert 38 does not touch the wafer 14
at any time during the CMP process. In a tested enbodi nent of the present

i nvention, the gap between the inseri 38 and wafer 14 was set at 10 mls
(250 [err]m wth satisfactory resul %. Fig. 3B shows an alternate
enbodi ment of the platen 16 and pad 18. In this enbodi nent, the quartz
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bean]34'-gﬂﬁ}oved slurry distribution. These grooves or pores 620,
‘'which are located above the lower plug portion 604, are
filled with a pure polyurethane material 622. In addition,
the top surface 606 of the two-level plug 600 is left
ungrooved. Because there are no grooves or depressions in
. the area of the two-level plug 600, there is no accumulation
of slurry which could block the laser beam 34. During the
conditioning process, in which a pad conditioner grinds away
the top surface 23 of'the covering layer 22 to restore the
roughness of the polishing pad 18, the top surface 606 of
two-level plug 600 will be scratched and abraded. Because
polyurethane is a diffusive material, the abrasion of the
top surface 606 will not significantly affect the
performance of the laser interferometer 32.

The window provided‘by the two-level plug 600
prevents the accumulation of slurry above the platen hole 30
which could block the laser beam 34. The plug 600 is formed
of a material which is chemically resistant to the slurry 40
and is chemically inert vis-a-vis the polishing process.
The plug erodes at the same rate as the rest of the
polishing pad 18. The plug is sealed within the aperture to
prevent the leakage of the slurry 40 into the platen hole
30, and the plug may be depressed to prevent the wafer from
experiencing a locally increased load.

In operation, a CMP apparatus in accordance with the
present invention uses the laser beam from the laser '
interferometer to determine the amount of material removed



alternate arrangenent has significant advantages. First, because the pad 18
itself is used as the window, there is no appreciable gap. Therefore, very
“little of the slurry 40 is present to cause the detrinental scattering of
the | aser beam Another advantage of this alternate enbodinent is that pad
wear becones irrelevant. In the first-described enbodi nent of Fig 3A, the
gap between the quartz insert 38 andi¢ he wafer 14 was nade as smal | as
possi bl e. However, as the pad 18 wears, this gap tends to becone even
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Accor di ngl Y, >éhe attenuat I on
and alternate embodiments of the laser interferometer 32 are

possible. One alternate interferometer arrangement would
use a laser to produce a beam which is incident on the
surface of the wafer at an angle. In this embodiment, a
detector would be positioned at a point where light
reflecting from the wafer would impinge upon it. No beam
splitter would be required in this alternate embodiment.

As illustrated in Fig. 4, the laser and collimator
44 generate a collimated laser beam 34 which is incident on
the lower portion of the beam splitter 46. A portion of the
beam 34 propagates through the beam splitter 46 and the
‘quartz insert 38. Once this portion of beam 34 leaves the
upper end of the insert 38, it propagates through the slurry
40, and impinges on the surface of the wafer 14. The wafer
14, as shown in detail in Fig. 5 has a substrate 50 made of
silicon and an overlying oxide layer 52 (i.e. Si0,).

The portion of the beam 34 which impinges on the
wafer 14 will be partially reflected at the surface of the
oxide layer 52 to form a first reflected beam 54. However,
a portion of the light will also be transmitted through the



| aser beam 34 through the plug 42 is mnimzed. The plug 42 may be
integrally nolded into the pad 18. 12
For exanple, the plug may be forned by pouring liquid polyurethane into a
hol e that has been cut in the polishing pad. The liqui‘d pol yurethane is
cured to forma plug which is integrally nolded into the polishing pad.
Alternately, the plug 42 could be prefféned as a solid insert. This insert
could be placed in the bulk nolten polTShing pad material, and then the
entire assexbdy mayéﬂ b2 tor €drmoat beanshéttedcbean 66 whdchl igpiRgesd the

material of t a Egget n | ¥ .i
cool ed, thénp yure# 29n§ guégtggggd ge |§?e g?? SBR?d ?ggbxﬁﬁﬁt
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pol yur et hane plu . Therefore en the assenb é I's cured, the material of

t he pl ug 4EeF@HGSr95188ﬁF?aPFaEn§8bucEP& FHEsﬁnﬁ SuSe6°84 Feflectrds causes

ei ther a cppambBi 68,c88 interfere with each other constructively or
destructively depending on their phase relationship, to form
a resultant beam 60, where the phase relationship is
primarily a function of the thickness of the oxide layer 52.

Although, the above-described embodiment employs a
silicon substrate with a single oxide layer, those skilled
in the art will recognize the interference process would

" also occur with other substrates and other oxide layers.

The key is that the oxide layer partially reflects and
partially transmits, and the substrate at least partially
reflects, the impinging beam. In addition, the interference
proceés hay also be applicable to wafers with multiple
layers overlying the substrate. Again, if each layer is
partially reflective and partially transmissive, a resultant
interference beam will be created, although it will be a
combination of the reflected beams from all the layer and
the substrate.

Referring again to Fig. 4, it can be seen the
resultant beam 60 representing the combination of the first
and second reflected beams 54, 58 (Fig.'S) propagates back
through the slurry 40 and the insert 38, to the upper
portion of the beam splitter 46. The beam splitter 46
diverts a portion of the resultant beam 60 towards the
detector 48.

The platen 16 will typically be rotating during the
CMP process. Therefore, the platen hole 30 will only have a
view of the wafer 14 during part of its rotation.
Accordingly, the detection signal from the laser



accunul ate slurry or a bunp which can damage the wafer 14.
to FIGS. 3D, in another enbodinent, a two- level plug 600 is
“the polishing pad 18 above the platen hole 30. The two-I|evel

Referring
positioned in
pl ug 600 is

formed of a relatively transparent material which acts as a w ndow for the
| aser beam The material of the two-level plug 600 may be a substantially

pure pol yurethane avail abl e from Rodel of Newark, New Jer sey,

under the

product name EX-2000. Such a material 1fs chenlcally inert vis-a-vis the
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signal. To prevent this from happening, a position sensor
apparatus has been incorporated. Any well known proximity
sensor could be used, such as Hall effect, eddy current,
optical interrupter, or acoustic sensor, although an optical
interrupter type sensor was used in fhe tested embodiments
of the invention and will be shown in the figures that
follow. An apparatus accordingly to the present invention
for synchronizing the laser interferometer 32 is shown in
Fig. 6, with an optical interrupter type sensor 62 (e.q.
LED/photodiode pair) mounted on a fixed point on the chassis
of the CMP device such that it has a view of the peripheral
edge of the platen 16. This type of sensor 62 is activated

when an optical beam it generates is interrupted.

A

position sensor flag 64 is attached to the periphery of the
platen 16. The point of attachment and length of the flag
64 is made such that it interrupts the sensor’'s optical

signal only when the laser beam 34 from the laser

interferometer 32 is completely transmitted through the
previously~described window structure 66. For example, as

shown in Fig. 6, the sensor 62 could be mounted

diametrically opposite the laser interferometer 32 'in
relation to the center of the platen 16. The flag 64 would
be attached to the platen 16 in a position diametrically
opposite the window structure 66. The length of the flag 64
would be approximately defined by the dotted lines 68,
although, the exact length of the flag 64 would be fine
tuned to ensure the laser beam is completely unblocked by



surface 17 of the platen 16. The application of a |load fromthe
wafer 14 on the polishing pad 18 will cause the backing layer 20 to
“conpress. Thus, the width of the gap 610 will decrease. The gap 610 is
selected to be sufficiently wide that the | ower surface 608 will not
contact the upper surface 17 of the platen 16, even if the wafer 14 is
positioned over the platen hole 30. TH® top surface 606 contacts the wafer
14 but, due to the gap 610, does not exert pressure on it. Therefore, the
denser nathei platént bé Aupihgvehepentifdltiwestiot fTagabs bs| eeakbd
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The plug may be iDatahadgquisidfionljsystrens eapable of sisdng the ng di fferent
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pl ug portFéﬁneézd“?ﬁﬁguBBEFepF&EeﬁoVPPEntbﬁzwﬁﬁ9rhbﬁevb$¥BﬁgtHOLFBFr] of
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portion 603 T3V pdd¥®o? +RAbPesEnt’ 1808HE156n7 ' RSOSEaSNG1E, a
detalled description will not be given herein. However some
considerations should be taken into account in choosing an
appropriate system. For example, it is preferred that the
signal from the interferometer be integrated over a period
of time. This integration improves the signal-to-noise
ratio by averaging the high frequency noise over the
integration period. This noise has various causes, such as
-vibration from the rotation of the platen and wafer, and
variations in the surface of the wafer due to unequal
planarization. In the apparatus described above the
diameter of the quartz window, and the speed of rotation of
the platen, will determine how long a perlod of time is
available during any one rotation of the platen to integrate
the signal. However, under some circumstances, this
available time may not be adequate. For instance, an
acceptable signal-to-noise ratio might require a longer
integration time, or the interface circuitry employed in a
chosen data acquisition system may require a minimum
integration time which exceeds that which is available in
one pass.



hei ght H2 of -about 0.7 inches. Thus, the | ower plug portion

14 604 extends beyond the upper plug portion 602 to forma rim616 having a
Wi dth Werr] of about 0.1 inches. The plug nay be oriented so that its

| ongi tudinal axis lies along a radius of the polishing pad. Although FIGS.
3D-F show the upper plug portion 602 as having a smaller cross-sectional
area than the lower plug portion 604, thhs is not necessary. Instead, the
upper plug portion 602 may be smaller than the | ower plug portion 604. The
upper plug porti oonéOgohationt kiockhésspFpblen dgutd ertéhd theecpnatenof

covering la i.e. ab fift T i '
equal | tg t %f%rje%’[z?{‘%[éﬁ]&%?g%%%aéé|ar/fs{géséeac Jiogﬁso t‘{i'ne apg%}ﬁfz 'H’ﬁ(ra] I l)\?ver
pl ug porticthé)words hitthervindow tskructiter 8’ ayldr. 20 insextoutpadn ol s.
The | ower %%%ﬁi&%ﬁ@é é}ﬁYtﬂi@Véhipé REPS 2 4 AR IR F¥gM TS

Thus, the ness T2 is_|less thapn the depth DQ ‘of the second sectlon of
the apert P course, the flagi¢t s H¥RAD tQ agcomnedate nEhei m 616 of

the | over DbngePorindow 6Oérudberadde’s) vearesmiatalyl4n@window could
remain the same, but the laser interferometer would be
mounted to the rotating platen directly below the window.
In this case, the CMP apparatus would have to be modified to
accommodate the interferometer below the pléten, and
provisions would have to be made to route the detector
~signal from the interferometer. Hoﬁever, the net result of
either method would be to lengthen the data acquisition time
for each revolution of the platen.

Although lengthening the platen hole and window is
advantageous, it does somewhat reduce the surface area of
the platen pad. Therefore, the rate of planarization is
decreased in the areas of the disk which overlie the window
during a portion of the platen’'s rotation. In addition, the
length of the platen hole and window must not extend beyond
the edges of the wafer, and the data sampling must not be
done when the window is beyond the edge of the wafer,
regardless of the wafer’s translational position.

Thereforé, the length of the expanded platen hole and
window, or the time which the platen-mounted interferometer
can be sampled, is limited by any translational movement of
the polishing head.

Accordingly, a more preferred method of obtaining
adequate data acquisition integration time is to collect the
data over more than one revolution of the platen. 1In
reference to Fig. 8, during step 102, the laser
interferometer signal is sampled during the available data
acquisition time in each rotation of the platen. Next, in



be an el astoneric pol yurethane avail able from Berman | ndustries of Van
Nuys,. California under the trade nanme WG 575 A/B. O her adhesive
materials, such as rubber cenent or an epoxy, nay al so be used for the
adhesive material 614. An area 618 on the underside of covering

| ayer 22 is cleaned by scraping off apy adhesive debris and washing the
area with acetone. Then the two-level plug 600 is inserted into the
aperture 612 until the rim616 of plug_600 contacts the area 618 of the
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time equals or exceeds the desired minimum sample time, then
the stored integrated values are transferred and summed, as
shown in step 112. If not, the process of sampling,
integrating, storing, computing the cumulative sample time,
and comparing it to the desired minimum sample time
continues. In a final step 114, the summed integrated
values created each time the stored integrated'values are
transferred and sumﬁed, are output as a data signal. The
just-described data collection method can be implemented in
a number of well known ways, employing either logic circuits
or software algorithms. As these methods are well known,
any detailed description would be redundant and so has been
omitted. It is noted that the method of biece-wise data
collection provides a solution to the problem of meeting a
desired minimum sample time no matter what the diameter of
the window or the speed of platen rotation. In fact, if the
process is tied to the position sensor apparatus, the platen
rotation speed could be varied and reliable data would still
be obtained. Only the number of platen revolutions required
to obtain the necessary data would change.

The aforementioned first and second reflected beams
which formed the resultant beam 60, as shown in Figs. 4 and
5, cause interference to be seen at the detector 48. If the
first and second beams are in phase with each other, they
cause a maxima on detector 48. Whereas, if the beams are
180 degrees out of phase, they cause a minima on the



covering layer 22 of the polishing pad 18 to provide for inproved slurry

di stri bution. These grooves or pores 620, which are | ocated above the | ower
plug portion 604, are filled with a pure pol yurethane material 622. In
addition, the top surface 606 of the two-level plug 600 is |eft ungrooved.
Because there are no grooves or depressions in the area of the two-1evel
pl ug 600, there is no accunulation of 23 urry which could block the | aser
beam 34. During the conditioning process, in which a pad conditioner grinds
away the tdptegtbucds23 ahyt hthevvphasg rejationshipr betweent hber oughness

of the pol i‘églggtgadbégmst P150ResHI AR §Q6la£e£wrta_ﬁ&el sPLHY1600 will be
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t he anbunt eathnshmpila perivdedersus time (x—-axis). This data was
obtained by monitoring the laser interferometer output of
the apparatus of Fig. 4, while performing the CMP procedure
on a wafer having a smooth oxide layer overlying a silicon
substrate (i.e. a blank oxide wafer). The graph of Fig. 9B
represents a filtered version of the data from the graph of
Fig. 9A. This filtered version shows the cyclical variation
in the interferometer output signal quite clearly. It
should be noted that the'periéd of the interference signal
is controlled by the rate at ﬁhich material is removed from
the oxide layer during the CMP process. Thus, factors such
as the downward force placed on the wafer against the platen
pad, and the relative velocity between the platen and the
wafer determine the period. During each period of the
output signal plotted in Figs. 9A-B, a certain thickness of
the oxide layer is removed. The thickness removed is
proportional to the wavelength of the laser beam and the '
index of refraction  of the oxide layer. Specifically, the
amount of thickness removed per period is approximately
A/2n, where A is the freespace wavelength of the laser beam
and n is the index of refraction of the oxide layer. Thus,
it is possible to determine how much of the oxide layer is
removed, in-situ, during the CMP process using the method



16 fromthe surface of the wafer, or to determnmne when the surface has
become pl anari zed. The beginning of this process will be explained in
reference to Fig 4. It is noted that a |laser and collimtor 44, beam
splitter 46, and detector 48 are depicted as elenents of the |aser
interferoneter 32. This is done to facilitate the aforenenti oned

expl anation of the operation of the CMP23pparatus. In addition, the

enbodi ment of Fig. 3A enploying the quartz insert 38 as a wi ndow i s- shown
for convenikiustratedoins€igi.hdOdepi Fizgtsoin ghemt 203, $heunumbexr wéssi bl e

arrangeﬁenﬁxcgaaeaghiﬁmtaa lt%e‘&at'é%lb?x%tla@i% countel.t NRext, in
- aforementio ow arrangénents coul enpl qyed, and al ternate
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col l'i mat or enerate a collimte aser "beam 3 I.S_1ncident on
thickness removed, in step 206. The actual thickness

removed equals the product of the number of cycles exhibited
by the data signal and the thickness of material removed
during one cycle. In the final step 208, the CMP process is
terminated whenever the removed thickness equals or exceeds
the desired thickness of material to be removed.
Alternately, less than an entire cycle might be used
to determine the amount of material removed. In this way
any excess material removed over the desired amount can be
minimized. As shown in the bracketed portions of the step
202 in Fig. 10A, the number of occurrences of a prescribed
portion of a cycléiare counted in each iteration. For}
example, each occurrence.of a maxima (i.e. peak) and minima
(i.e._valley), or vice versa, would constitute the
prescribed portion of the cycle. This particular portion of
the cycle is convenient as maxima and minima are readily
detectable via well know signal processing methods. Next,
in step 204, after determining how much material is removed
during a cycle, this thickness is multiplied by the fraction
of a cycle that the aforementioned prescribed portion
represents. For example in the case of counting the
occurrence of a maxima and minima, which represents one-half
of a cycle, the computed one-cycle thickness would be
multiplied by one-half to obtain the thickness of the oxide
layer removed during the prescribed portlon of the cycle.
The remaining steps in the method remain unchanged. The net



the |l ower portion of the beamsplitter 46. A portion of the beam 34
propagates through the beamsplitter 46 and the quartz insert 38. Once this
portion of - beam 34 | eaves the upper end of the insert 38, it propagates
through the slurry 40, and inpinges on the surface of :the wafer 14. The
wafer 14, as shown in detail in Fig. 5 has a substrate 50 nmade of silicon
and an overlying oxide |ayer 52 (i.e. Sb err]). The portion of the
beam 34 which inpinges on the wafer 14 wi'll be partially reflected at the

surface o;réitewm:ﬂetlhiagenﬁarﬁ@té O&pPpPoach SisrehaectRd ORRNpR4cebBvever, a
portion of t

d thropygh the,.
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| ayer 52 to forma second | ected beam 5 st and second Flected
beams 54, “Yeretusedras khe baghs of aErdebtespintng vEhg G?OEE§tPﬁct|vely

dependi ng ﬁ&téfgal f¢ﬁ§¢eaelat|onsh|p, to forma resultant beam 60, where
the phase relatrowgy %dé%edescribed methods look back from the end of
a cycle, or portion thereof, to determine if the desired
amount of material has been removed. However, as inferred
above, the amount of material removed might exceed the
desired amount. In some applications, this excess removal
of material might be unacceptable. 1In these-cases, an
alternate method can be employed which looks forward and
anticipates how much material will be removed over an
upcoming period of time and terminates the procedure when
the desired thickness is anticipated to have been removed.
A preferred embodiment of this alternate method is
illustrated in Fig. 10B. As can be seen, the first step 302
involves méasuring the time between the first dccurrence of
a maxima and minima, or vice versa, in the detector signal
(although an entire cycle or any portion thereof could have
been employed). Next, in step 304, the amount of material
removed during that portion of the cycle is determined via
the previously described methods. A removal rate is then
calculated by dividing the amount of material removed by the
measﬁred time, as shown in step 306. This constitutes the
rate at which material was removed in the preceding portion
of the cycle. In the next step 308, the thickness of the
material removed as calculated in step 304 is subtracted
from the desired thickness to be removed to determine a
remaining removal thickness. Then, in step 310, this
remaining removal thickness is divided by the removal rate



primarily a function of the thickness of the oxide |ayer 52.

Al t hough, the above-descri bed enbodi nent enploys a silicon substrate with a
single oxide layer, those skilled in the art will.recognize the

i nterference process would al so occur with other substrates and ot her oxide
| ayers. -The key is that the oxide layer partially reflects and partially
transmts, and the substrate at |easjspartially reflects, the inpinging
beam In addltlon the. interference process may al so be appllcable to
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Accor di nglwinike, det eeicenvergaal Aceoridlrglysethe time between the
next occurring maxima and minima is measured, the thickness
of material removed during the portion of the cycle
_represented by this occurrence of the maxima and minima
(i.e. one-half) is divided by the measured time, and the
removal rate is calculated, just as in the first iteration
of the method. However, in the next step 308, as shown in
brackets, the total amount of material removed during all
the previous iterations is determined before being
subtracted from the desired thickness. The rest of the
method remains;the same in that the remaining thickhess to
be removed is divided by the newly calculated removal rate
to determine the remaining CMP process time. In this way
the remaining process time is recalculated after each
occurrence of the prescribed portion of a cycle of the
detector signal. This process continues until the remaining
CMP process time will expire before the next iteration can
begin. At that point the CMP process is terminated, as seen
in step 312. Typically, the thickness to be removed will
not be accomplished in the first one-half cycle of the
detector signal, and any variation in the removal rate after
being calculated for the preceding one-half cycle will be
small. Accordingly, it is believe this forward-looking
method will provide a very accurate way of removing just the
desire& thickness from the wafer.



18 interferoneter 32 should only be sanpled when the wafer 14 is inpinged
by the aser beam 34. It is inportant that the detection signal not be
sanpl ed when the | aser beam 34 is partially transmtted through the hole
30, as when a portion is blocked by the bottomof the platen 16 at the
hol e' s edge, because this will cause considerable noise in the signal. To
prevent this from happening, a positiopg sensor apparatus has been

i ncorporated. Any well known proximty sensor could be used, such as Hal
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feature located relatively far from other features tends to

be reduced faster than other larger features:. Fig. 11A-C
exemplify a set of surface features 72, 74, 76 of the oxide
layer 52 associated with underlying structures 78, 80, 82,
that might be found on a typical patterned wafer 14, and the
changes they undergo during the CMP process. Feature 72 is
a relatively small feature, feature 74 is a medium sized
feature, and feature 76 is a relatively large feature. Fig.
11A shows the features 72, 74, 76 before polishing, Fig 11B
éhows the features 72, 74, 76 about midway through the
polishing process, and Fig. 11C shows the features 72, 74,
76 towards the end of the poliéhing process. In Fig. 11A,
the smaller feature 72 will be reduced at a faster rate than
either the medium or large features 74, 76. In addition,
the medium feature 74 will be reduced at a faster rate than
the large feature 76. The rate at which the features 72,
74, 76 are reduced also decreases as the polishing process
progresses. For example, the smaller feature 72 will
initially have a high rate of reduction, but this rate will
drop off during the polishing process. Accordingly, Fig.
11B shows the height of the features 72, 74, 76 starting to
even'oﬁt, and Fig. 11C shows the height of the features 72,
74, 76 essentially even. Since the differently sized
features are reduced at different rates and these rates.are



previ ousl y-descri bed wi ndow structure 66. For exanple, as shown in Fig. 6,
the sensor 62 could be nounted dianetrically opposite the | aser
interferoneter 32 in relation to the center of the platen 16. The flag 64
woul d be attached to the platen 16 in a position dianetrically opposite the
w ndow structure 66. The length of- the flag 64 woul d be approxi mately
defined by the dotted lines 68, although, the exact length of the flag 64
woul d be fine tuned to ensure the | aser beamis conpletely unbl ocked by
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However, as alluded to above, the polishing rates of
the features 72, 74, 76 tend to converge closer to the point
of planarization. Therefore, the difference in phase and
frequency between the interference beams produced by the
features 72, 74, 76 tend to approach zero. This results in
the resultant interference signal becoming recognizable as a
periodic sinusoidal wave form. Therefore, it is possible to
determine when the surface of a patterned wafer has become
planarized by detecting when a sinuscidal interference
signal begins. This method is illustrated in Fig. 12.
First, in step 402, a search is made for the aforementioned
sinusoidal variation in the interferometer signal. When the
sinuséidal variation is discovered, the CME procedure is
termihated, as shown in step 404.

Fig. 13 is a graph plotting the amplitude of the
detector signal over time for a patterned wafer undergoing a
CMP procedure. The sampled data used to construct this
graph was held at its previous integrated value until the
next value was reported, thus explaining the squared-off
peak values shown. A close inspection shows that a
discernible sinusoidal cycle begins to emerge at
approximately 250 seconds. This coincides with the point
where the patterned wafer first became planarized. Of
course, in real-time monitoring of the interferometer’s
output signal, it would be impossible to know exactly when
the cycling begins. Rather, at least some portion of the
cycle must have occurred before it can be certain that the



beam are well

| aser known in the art and do not forma novel part of the
present invention. Accordingly, a detailed description will not be given
herei n.. However sone consi derations should be taken into account in

choosi ng an appropriate system For exanple, it is preferred that the
signal fromthe interferoneter be integrated over a period of time. This
integration inproves the signal-to-noigg ratio by averaging the high
frequency noi se over the integration period. This noise has various causes,
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ensures only a small amount of material is removed from the
surface of the wafer after it It has
been found that the degree of planarization is essentially
Thus,
continue would only serve to
surface of the wafer. Even
in the case where the CMP
process is to be terminated once the pétterned wafer becomes
planarized, it is not intended that the present invention be
limited to that time frame.

becomes planarized.

the same after two cycles, as it was after one.
allowing the CMP procedure to
remove more material from the

though one cycle is preferred

If the signal is particularly
strong, it might be possible to obtain the same level of
confidence after only a portion oﬁ a cycle.

. the signal is particularly weak,

Alternately, if

it may take more than one

cycle to obtain the necessary confidence. The choice will

depend on the characteristics of the system used. For

instance, the size of the gap
the surface of the wafer will
strength, and so the decision

between the quartz window and
have an effect on signal
on how many cycles to wait

before terminating the CMP process.

The actual determination as to when the output

signal from the laser interferometer is actually cycling,
and so indicating that the surface of the wafer has been

planarized can be done in a variety of ways.

the signal could be digitally

employed to make the determination.

For example,
processed and an algorithm
Such a method is

disclosed in U.S. Patent 5,097,430, where the slope of the



20 One solution to this problemis to extend the platen hole al ong
the-direction of rotation of the platen. In other words, the w ndow
“structure 66' (i.e. insert, pad, or plug) would take on the shape of an

arc, as showmn in Fig. 7. O course, the flag 64' is expanded to accommobdate’
the | onger wi ndow structure 66[err]. Alternately, the w ndow could remain
the sanme, but the l'aser interferonetgy would be nounted to the rotating

pl aten directly below the window. In this case, the CWP apparatus would
have to beigndilf iedusedatoomakdatthel hetierninheiomet eInbealdditiilesn ,pl at en, and
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Therefore,jtle kpRotel 19 thiexmeadjded mtafaer&ewaqna%g\wﬂd%a %a}he time
whi ch the pl,aten-nounted 1 nterferometer can be sanpled, Is limted by any
translatiG%&ﬁ Fladhickness be repeatable from die to die, and from

wafer to wafer. The previously described methods for

planarizing a typical patterned wafer will not necessarily

produce this desired repeatable film thickness. The purpose

of the planarization methods is to create a smooth and flat

surface, not to produce a particular film thickness.

Accordingly, if it is desirable to control the film

thickness over a specific structure, or group of similarly

sized structures, an alternate method must be employed.

This alternate method is described below.

As alluded to previously, each differently sized

surface feature resulting from a layer of oxide being formed

over a patterned structure on a die tends to produce a

reflected interference signal with a unique frequency and

phase. It is only close to the point of planarization that

the frequency and phase of each differently sized feature

converges. Prior to this convergence the unique frequency

and phase of the interference signals caused by the various

differently sized features combine to produce a detector

signal that seems to vary randomly. However, it is possible

to process this signal to eliminate the interference signal

contributions of all the features being polished at

different rates, except a particularly sized feature, or

group of similarly sized features. Once the interference



t he polishing head. Accordingly, a nore preferred nethod of

obt ai'ni ng adequate data acquisition integration time is to collect the data
over nore than one revolution of the platen. In reference to Fig. 8, during
step 102, the laser interferometer signal is sanpled during the available
data acquisition tinme in each rotation of the platen. Next, in

21 steps 104 and 106, each sanpled sigpal is integrated over the

af orenentioned data acquisition tinme, and the integrated values are stored.
Then, in sdbpsalOfseocidddd withnhat paetsenpdely iskzéed feaputed after each

conpl ete revol uti h I t | ) ol I
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sanpl e hasimeassoakabionfwitie thenrempval sofiphaterial ciemsa dplankeeds the
desired m %%‘&ml%ré'é'ﬁp:hé)?é@_Egeréﬁ%édjﬁé‘éeﬂﬁét&ﬂoﬂﬁﬁu@é are

transferre .sumred, as shown in step 1127 |f not,_the process of
sanpl i ng, Makegial| RECESSIFY nkO %%ﬁﬁb?iEbetﬂéséﬁﬁﬁlgi}Wetggﬁ5W%s?fne, and
comparing it to tkyg dRurs] Rhd FHERAAYYE df Bhe interference signal
component caused by the feature of interest must be _
determined prior to the signal processing. It is believed
this frequency can be easily determined by performing a CMP
process on a test specimen which includes dies exclusively
patterned with structures corresponding to the structure
.which is to have a particular overlying film thickness. The
detector signal produced during this CMP process is analyzed
via well known methods to determine the unique frequency of
the interference signal caused by the surface features
associated with the aforementioned structures.
. The specific steps necessary to perform the
above-described method of controlling the film thickness
over a specific structu#e, or group of similarly sized .
structures on a die, in situ, during the CMP processing of a
wafer, will now be described in reference to Fig. 14. 1In
step 502, the detector signal is filtered to pass only the
component of the signal having the predetermined frequency
associated with the structure of interest. This step is
accomplished using well known band pass filtering
techniques. Next, in step 504 a measurement is made of the
time between the first occurrence of a maxima and minima, or
vice versa, in the detector signal (although an entire cycle
or any portion thereof could have been employed). The
amount of material removed during that portion of the cyCIe
(i.e. one-half cycle) is determined in step 506 via
previously described methods. Then, a removal rate is then
calculated by dividing the amount of material removed by the



continues. In a final -step 114, the sumed integrated val ues created each
time the stored integrated values are transferred and sumed, are output as
a data signal. The just-described data collection nmethod can be inpl enent ed
in a nunber of well known ways, enploying either logic circuits or software
al gorithns. As these nethods are well known, any detail ed description would
be redundant and so has been omtt ed. P I's noted that the nethod of.

pi ece-w se data collection provides a solution to the problemof neeting a

desired m nidasuredtind, s Nshowt LD sba@p 8. di T etoétibetad ngoy or
the speed of_platen . rotation. .In fact, if t%e. racess is tied to the
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remaining removal thickness. Then, this remaining removal
thickness is divided by the aforementioned removal rate to
determine how much longer the CMP process is to be continued
before it termination, in step 512. Once a'remaining time
has been calculated, the process is repeated for each
occurrence of a maxima and minima, or vice versa.
Accordingly, the time between the next occurring maxima and
minima is measured, the thickness of material removed during
the portion of the cycle represented by this occurrence of
the maxima and minima (i.e. one-half) is divided by the
measured time, and the removal rate is calculated, just as

in the first iteration of the;method. waever, in the next
step 510, as shown in bracketé, the total amount of material
removed during all the previous iterations is determined '
before being subtracted from the desired thickness. The

rest of the method remains the same in that the remaining
thickness to be removed is divided by the newly calculated
removal rate to determine the remaining CMP process time.
This process is repeated until the remaining time expires
before the next iteration can begin. At that point, the CMP
process is terminated, as seen in step 514.

It is noted that although the method for controlling
film thickness described above utilizes the method for
determining the CMP process endpoint illustrated in Fig.
10B, any of the other endpoint determination methods
described herein could also be employed, if desired.



22 detector 48. Any other phase relationship between the reflected beans
will result in an interference signal between the maxi ma and mi ni na bei ng
S5een by the detector 48. The result is -a signal output fromthe detector 48
that cyclically varies with the thickness of the oxide layer 52, as it is
reduced during the CWP process. In fact, it has been observed that the
signal output fromthe detector 48 will,yary in a sinusoidal-Ilike manner,
as shown in the graphs of Figs. 9A-B. e graph of Fig. 9A shows the
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irregularities 90. Therefore, a wider beam 86 would have an

- integrating effect and would be less susceptible to extreme

variations in the reflected interference signal, as it

travels across the surface of the wafer 14. Accoxdingly, a

wider beam 86 is preferred for this reason. The.laser beam

width can be widened using well known optical devices.

It must also be pointed out that the wider beam will
reduce the available data acquisition time per platen
revolution since the time in which the beam is completely
contained within the boundaries of the window is less than
it would be with a narrower beam. However, with the
previously described methods of data acquisition, this
should not present a significant problem. In addition,
since the wider beam also spreads the light energy out over
a larger area than a narrower beam, the intensity of the
reflections will be lessen somewhat. This drawback can be
remedied by increasing the power of the laser beam from the
laser interferometer so that the loss in intensity of the
reflected beams is not a factor in detection.

As for the wavelength of the laser beam, it is
feasible to employ a wavelength anywhere from the far
infrared to ultraviolet. However, it is preferred that a



I ndex of refraction of the oxide |ayer. Specifically, the amunt of

t hi ckness renmoved per period is approximately [err]/2n, where [err] is the
freespace wavel ength of the | aser beamand n is the index of refraction of
the oxide layer. Thus, it is possible to deternine how nuch of the oxide
|-ayer is renoved, in-situ, during the CMP process using the nethod

23 illustrated in Fig. 10A First, in step 202, the nunber of cycles
exhibited by the data signal are counted. Next, in step 204, the thickness
of the natkeaml inetbecttedulightonanggchbe vsedhe Thepueasoynfbri thdsmput ed

fromthe “ﬁféféﬂﬁhbeoisthﬁoLféiﬁ bepf-agd Lﬂgrtgge%agél%ﬁﬁgﬁgt%QFu?E the

oxi de layet of the wafer.  Then, the desifed thi ckness o teria
renoved frbfh RRelBRFEASEaj B, the EBRB&Fertﬁc?FEeﬁéPﬂaFaPﬁﬁékPES§hPeaned
in step 206heﬁlheaacbmai:ryhbe&aﬁs& tnnvedaeﬁuﬁiﬁgtbe preguetishaliheonumber
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t er m nat edThaeatore, tnberénnqed theciwavedength| sthe 2essetthet he desired

thickness gbafRELihg. ! BoWEVERTPYBflger wavelengths also result in more
of the oxide layer being removed per period of the
interference signal, because the amount of material removed
per period equals approximately A/2n. Therefore, the
shorter the wavelength, the less material removed in one
period. It is desirable to remove as little of the material
as possible during each period so that the possibility of
any excess material being removed is minimized. For
example, in a system employing the previously described

- method by which the number of cycles, or a portion thereof,

are counted to determine the thickness of the oxide layer
removéd, any excess material removed over the desired amount
would be minimized if the amount of material removed during
each cycle, or portion thereof, is as small as possible.

It is believed these two competing factors in the
choice of wavelength are optimally balance if a red light
laser beam is chosen. Red light offers an acceptable degree
of scattering while not resulting in an unmanageable amount
of material being removed per cycle.

the odiments.

The generated interference waveform provides
considerable additional information about the polishing
process. This additional information can be used to provide
an in-situ measurement of the uniformity of the poiished
layer. It can also be used to detect when the CMP system is



Alternately, less than an entire cycle m ght be used to determ ne the
anount of material renoved. In this way any excess material renoved over

t he desired anpunt can be minimzed. As shown in the bracketed portions of
the step 202 in Fig. 10A;, the nunber of occurrences of: a prescribed portion
of a cycle are counted in each iteration. For exanple, each occurrence of a
maxi ma (i.e. peak) and mninma (i.e. valley), or vice versa, would
constitute the prescribed portion of t R cycle. This particular portion of

the cycle In%tcwpe&@tq g A UHRA B q iTiell, Mo ©Pead fing F?ﬁl &yl a
wel | knom%§¥gﬂfl Q§5e55|n netﬁ%hs Ctﬁext in sté; 20i‘ after eter nlng

how nuch d{}rlrlngj"“&’ a%ld@s"c%b:,edt hi ckness is multiplied
by the fraction of a cycle that the aforenenti oned prescribed portlon
represents i se of counting the occurrence of a maxim
and m-ni rraﬂmﬁiro lM%a rteqneerﬁ.'-a.half of a cycle, the conputed one-cycle

t hi ckness woul d beThGIP¢b1$hdn§yanﬂé°naPlanarDbaaiqnthperatmbnsswhdbhthe
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remai ni ng St%ﬁf in the nethod remain unchan ed
: uce a surface layer that is unlform across the surface

of the wafer/substrate. In other words, the center of the
wafer should polish at the same rate as the edge of the
wafer. Typically, the thickness of the polished layer must
‘not vary by more than about 5-10%. If that level of
‘uniformity is not achieved, it is likely that the wafer will
not be usable since the device yields will be unacceptably
low. In practice, it is often quite difficult to achieve a
uniform polishing rates® across the wafer. It typically
requires optimizing many different variables to keep it
performing within the specs. The end point detector
described above provides a very useful tool for monltorlng
the unlformlty of the layer being pollshed and that
monltorlng can be performed both in-situ data acquisition
and processing.

We have discovered that the interference waveform
that is produced by the interferometer during polishing
provides information about the uniformity of the layer that
is being polished. As noted above, the output of the
interferometer appear as a sinusoidal signal as the surface
layer (e.g. oxide layer) is being polished. The distance
between the peaks of that signal indicate how much material
has been removed. On top of that sinusoidal signal-there
will also be another higher frequency sinusoidal signal.
The amplitude of the higher frequency signal indicates by
how much the thickness of the polished layer varies across
the surface of the wafer.



24 result of this alternate approach is that the CMP process can be
;termnated after the occurrence of a portion of the cycle. Accordingly, any

excess nmaterial renoved will, in nost cases, be less than it woul d have
been if a full cycle where used as the basis for determ ning the anmount of
mat eri al renoved. The just-described nethods | ook back fromthe end

of a cycle, -or portion thereof, to ded®rmne if the desired anount of
mat eri al has been renoved. However, as inferred above, the anmount of
material r ermved'rniaghéaenneeﬂaththéeahgad fzequehcyl Bighak appleatat iigns,
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t he anmou of rraterl erreasure tinme, as sho I n step 306.
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' the wafer’ s surface. That is, it will have substantially

the same amplitude. On the other hand, if the polished
layer is not uniform, the sampling of different locations
introduce, a further variation onto the sinusoidal base
signal. This further variation has a frequency that is
dependent on the rotation and sweep rates that are used and
it has an amplitude that is proportional to the degree;of
nonuniformity of the polished layer. An example of such a
waveform is shown in Fig. 16. In this particular example,
the nonuniformity was relatively large so as to clearly
illustrate the high frequency signal.

A measure of the uniformity is the ratio of the
peak-to-peak amplitude A,; of the high frequency signal to
the peak-to~-peak amplitude A,, of the low frequency signal.
The smaller this ratio, the more uniform the polishéd layer
will be; and conversely, the larger this ratio, the more
nonuniform it will be.

A CMP system which produces a measure of uniformity
is shown in Fig. 17. 1In addition to the components shown in
the previously described Fig. 2, it also includes a computer



fromthe desired thickness to be renoved to determne a renaining renoval

t hi ckness. Then, in step 310, -this remaining renoval thickness is divided
by the renoval rate 25 to determ ne how
much | onger the CWMP process is to be continued before:its term nation.

It nmust be noted, however, that the period of the detector signal, and so
the renoval rate, wll typlcally vary, as the CMP process progresses. .
Therefore, the above- described met hot dgls repeated to conpensate for this.
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capable of performing the control and signal processing
functions including, for example, a standard PC which is
programmed appropriately and a dedicated, specially designed
digital processing unit. Display unit 160 can be a video
display, a printer, or any appropriate device or combination
of devices for communicating information to the operator of
the CMP system.

To generate a uniformity measure, computer 150 is
programmed to implement and perform the signal processing
and other functions shown in Fig. 18. In that regard,
computer 150 implements two programmable bandpass filters,
namely, a high frequency filter 152 and a low frequency
fiiter 154. High frequency filter 152 has a passband

. cehtered.on the frequency of the high frequency signal
containing the uniformity information and low frequency
filter 154 has a passband centered on the frequency of the
low frequency signal containing the polishing rate
information. The width of both of these passbands is on the
order of a few milliherz in the case when the period is on
the order of tens of seconds. Indeed, the width of the
passband is programmed to vary in proportion with the center
frequency, or stated differently, to vary inverseiy to the
period of the signal being examined. That is, if the period
of the relevant signal increases, the bandwidth of the
passband filter decreases and vice versa.

Fig. 19(a) shows an example of an interferometer
signal obtain from an actual system. Note that initially



the previous iterations is determ ned before being subtracted fromthe
desired thickness. The rest of the nethod remains the sane in that the
remai ni ng thickness to be renoved is divided by the newy cal cul ated
removal rate to determne the remaining CVMP process tine. In this way the
remai ni ng process tine is recal cul ated after each occurrence of the
prescribed portion of a cycle of the dejgector signal. This process
continues until the remaining CVMP process tine will.expire before the next
iterati on the Signal ﬂndihategothatthhe(lﬁygrocesqultet@nnfqamed; €es, seen

in step 31g ;{xgaﬁa‘@letﬂﬁ ﬁhﬁfggﬁ ?Osi’?néfn?gefil&ihﬁ BAL 8B of the

acconplished Int I'rst t he detector any
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26 fh\bqhencyefjlmtErdesér sededctenther loy frequency womponent and
filters out the other frequencies to produce an output
signal of the form shown in Fig. 19(b). Similarly, high
frequency filter 152 selects the high frequency component
and filters out the other frequencies to produce an output
signal of the form shown in Fig. 19(c).
Computer 150 implements two amplitude measurement
" functions 156 and 158 which measure the peak-to-peak
amplitudes of the output signals of filters 152 and 154,
respectively. Once the amplitudes of the two filtered
signals has been determined, computer 150 computes a ratio
of the p-p amplitude of the high frequency signal to the p-p
amplitude of the low frequency signal (i.e., A,:/A;) (see
fuhctional block 162). After the ratio}has been computed,
coﬁputer 150 compares (see block 166) the computed ratio to
a threshold or reference value 164 that was previously
stored in local memory. If the computed ratio exceeds the
stored threshold value, computer 150 alerts the operator
that nonuniformity of the polished layer exceeds an
acceptable amount. In response, the operator can adjust the
process parameters to bring the process back into sped.
Since the high frequency signal tends to appear only
after some polishing has been performed, it is useful to
wait before attempting to measure nonuniformity. Indeed, it
may be desirable to automatically compute the ratio
periodically so as to monitor the uniformity of the pollshed
layer throughout the polishing ‘operation. In that case, it



wel | for the snooth-surfaced bl ank oxi de wafers being thinned, it has been
found that the procedure cannot be successfully used to planarize nost
patterned wafers where the surface topography is highly irregular. The
reason for this is that a typical patterned wafer contains dies which
exhibit a wde variety of differently sized surface features. These
differently sized surface features tendd to polish at different rates. For
exanple, a snmaller surface feature |located relatively far from ot her
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art. In the described embodiment, they are FIR (finite
impulse response) filters which can be implemented in either
the frequency or the time domain. However, to perform the
filtering in real time as the interferometer signal becomes
available, the filtering is done in the time domain by
convolving the appropriate function with the waveform as it
is being generated. The'appropriaﬁe function is, of course,
simply the time domain representation of a bandpass filter
having the desired characteristics (i.e., center frequency
and bandwidth).

To specify the appropriate filter parameters it is
necessary to know the frequency of the signal that is to be
selected by the filter. This information can be obtained
easily from the interferometer signal waveform(s). For
example, the center frequency for the low frequency filter
can be obtained by running a batch (e.g. 25) of wafers (e.q.
blank wafers with only an oxide coating) to obtain an
accurate measure of the polishing rate. Alternatively, the
polishing rate can be determined at the start of a polishing
run by measuring the distance between peaks of the low
frequency signal. Of course, using this alternative



74, 76 essentially even. Since the differently sized features are reduced
at different rates and these rates are

27 changi

ng, the interference signal produced fromeach feature wll

a different phase and frequency. Accordingly, the resultant interfere
signal, which is partially nmade up of all the individual reflections
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function and/or the coefficients of the FIR filter.
The frequency of the high frequency signal can be
obtained in a similar manner, i.e., directly from the trace

that is generated by the interferometer as the CMP system is

polishing the wafer. 1In other words, the operator simply
measures ‘the distance between peaks of the high frequency
signal. This process can be readily automated so that the
operator, with the aid of a pointing device (e.g. a mouse),
can mark two points on the wavefofm appearing on a video
display and the computer can be programmed to automatically
compute the frequency and then generate the appropriate
filter coefficients. The filter coefficients and/or time
dom?in representation of the filter functions are then
stored in local memory for use later'during the polishing
runs to perform the filtering operations.

Process Signature:

The interferometer waveform also represents a
signature of (i.e., it characterizes) the system for which
it was obtained. Because of this, it provides information
which is useful for qualifying a system for production
operation. If a signature is obtained for a system that is
known to be operating as desired, that signature@aveform
(or features extracted from the waveform) can be used as a
réference against which subsequently generated signatures
can be compared to determine whether the system or systems
from which signatures were subsequently obtained are



First, in step 402, a search is made for the aforenentioned sinusoida
varidtion in the interferoneter signal. \Wen the sinusoidal variation is
.di scovered, the CWP procedure is term nated, as shown in step 404.

Fig. 13 is a graph plotting the anplitude of the detector signal over tine
for a patterned wafer undergoing a CVMP procedure. The sanpled data used to
construct this graph was held at its ﬁpevious I ntegrated value until the
next value was reported, thus explaining the squared-off Eeak val ues shown.
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_ performance of the CMP system results in a change in the
signature. That is, certain features will appear in the
waveform that were not previously present or previously
existing features will change. By detecting those changes,
it is possible to detect when a system is not performing as
desired.

In the described embodiment, the extracted features
from the interferometer waveform are the polishing rate and
the measure of uniformity. Both of these characteristics
are readily obtainable from the interferometer waveform that
is generated during polishing by using the methods
previously described. A properly operating system will
produce a particular polishing rate and a particular measure:
of uniformity. A drift away from these reference values

~ provides an indication that the system is moving away from
its desired operating point and alerts the operator to the
need for corrective action so as to avoid destroying
product.

A method which uses a CMP system signature is
‘illustrated in Fig. 20a and will now be described.
Initially, an interferometer waveform (i.e;, a signature) is
generated for a CMP system which is known to be operating
optimally (step 250). The decision as to whether the system
is operating optimally can be determined empirically by
processing a set of test wafers and analyzing the results.
When the results that are produced are within spec, then the
signature can be generated for that configuration and set of
operating conditions. Before capturing a portion of the



all owed to pass before the CWP procedure is termnated. A one-cycle limt
.is a practical choice because it provides a high confidence that the
cycling.has actually begun, rather than the signal sinply representing
variations in the noise caused by the polishing of the differently sized
~features on the surface of the wafer. In addition, the one-cycle |imt
ensures only a small anmount of materigh is removed fromthe surface of -the
waf er after it beconmes planarized. It has been found that the degree of

pl anar i zathtarferemeteri whvefblrm,sdne isf Gesirableytbepoldshi theawagkirer

one.  Thusye Loyl 39-158sCUF BRA°GAY EnBubANhBUE, 1A dooRbesghye O

renmove nore materi al hé surfdce o e waf er ough one cycle
i s pref ervavefarmhdschsulyhar signatuye gfotbesprpdishibeg. setnipat ed once the

patterned waf er hemese scid anaie 26 h&slﬁeéwtobﬁﬂmd ddtaihe present

|nvent|on b d to that ti fr I f the sign Is particularl

st rong, §ﬁP bgeB%§§F§I@rFo¥§ﬁPa ﬁ€t§9n§rP@v§%eoﬁeeﬁﬁPl&énce a?ter

??Ixas Fgﬁavanonh QStygleszAlhaﬁn&tahpd EbfLUQtsggnab as ?ﬁrbgégfgbb¥hgeak,
i i

choi ce mn?gaggﬁgnkﬁg%h Eg %*gigéﬁé’ C§YSF%Ph§ 522?3%9 6§, “Fof Mfst ance,

the size datenmetime pctﬁeusSthtQWaﬂﬁéhM nddweandtuNQIQUrtaeewaWEEhemwafer

w1 have;gRegkf gah P Stopal s&,aewe@ a@n%haorut%r@%%sl O&nor&hQOW rany
cycles to wait ,before termnatin proce he actua

detern1na?F&ﬁr&?eﬁoe%ﬁ@ﬂlFﬁ@touﬂé%ﬂ %ﬁ?ﬁ%ﬁtepr5ﬁPFH€eﬁa§€F tﬁ@erferoneter i s
actual l'y pmhsngnga&dt&oamdrtmt mea st dfheandfofradeygf Hdm Wil @hileds been

- pLanar 2R bR DR RIR R £1 Shb Uit B aRiARbRa g onal could
Referrlng to Fig. 20b, at some later time the stored

 signature (or extracted features) can be used to qualify
that system or another system for production use. To
qualify a system for production, a new signature is obtained
for that system (step 258) and the relevant features are
extracted from that new signature (step 260). The extracted
features are then compareﬁ to the stored reference set of
features (step 264). If the operating point, as
characterized by the set of extracted. features, falls within
a predetermined region around the reference point, as
defined by the stored reference set of features, then it is
concluded that the system is operating properly and that it
can be brought online for processing product wafers (step
266). If this process is automated, the computer may at
this point alert the operator that the process is within
spec. On the other hand, if the operating point falls
outside of the predetermined region, that is an indication
that the systém is not operating within spec and the
operator is alerted to this problem so that corrective
action can be taken (step 268). The corrective action might
involve adjusting some process parameter aﬁpropriately to



enpl oyed to nake the determ nation. Such a nethod is disclosed in U S.
Pat ent 5,097,430, where the slope of the

29 signal is used to nake the deternination. In addition, various well
known curve fitting algorithns are avail able. These net hods woul d
essentially be used to conpare the interferoneter signal to a sinusoidal
curve. Wien a match occurs within some predetermined tolerance, it is
determ ned that the cycling has begun. 42 Sone sem conductor applications
require that the thickness of the material _overlying a structure fornmed on
a di e of aPpingethedPraress(withip,gspec-m FAFcR¥XBER)ehe 3£t YReertai n dept h,

and that tpBb3ikhlifgt Fatknass eReeseivet ol ¢£f britidi achandiformdng fisom waf er
to wafer. Jhe preyiously described,. methods for_planarizing a t.ypicgal
patterned waFg rM*thngérHé§§§9ar%P?anﬁﬁuggefﬁggrdggyr§ﬁg¥553§¥h%%@xfiIm
t hi ckness. i¥hdspappreprihtehtopltayaa new batebt bfdslusryy eredice asdjrsint h
o7 115 Sk gl SrPSIUR, B Lo heh LpTaCH € Aol 0l
particular course of corrective action that is chosen will
of course depend upon the details of how the system has
departed from its desired operating point, the configuration
and operating parameters of the particular system, and what
the operator' s experience has taught him.
To provide further useful information to the
operafor, the computer also optionally outputs through its
display device(s) information about the extracted features
(step 262). The displayed information may be presented as
the extracted features, the waveform, how close the various
extracted features are to the different features of the
stored reference set, or in whatever manner proves to be
most useful for the operator.
 of course, the above-described in—éitu, real time
monitoring procedure can be used periodically while
processihg production wafers or whenever some process
parameter is changed in the CMP éystem (e.g. a new polishing
pad is used, pad pressure is adjusted, or a new batch of
slurry is used) and it becomes necessary to know that the
CMP process is still within spec. In addition, it can be
used on blank wafers, instead of actual product, to gqualify
the CMP system prior to using it on actual product.
Though we have described a straight forward and
simple approach to extracting information from the'signature
waveform, i.e., by using the polishing rate and the measure
of uniformity, the signature or interferometer waveform can
be analyzed by using more sophisticated techniques (e.g.
pattern or feature recognition or other image analysis



t hi ckness over a specific structure, or group of simlarly sized
structures, an alternate nethod nust be enployed. This alternate nethod is
descri bed bel ow. - As al luded to previously, each differently sized
surface feature resulting froma | ayer of oxide being fornmed over a
patterned structure on a die tends to produce a reflected interference
signal with a unique frequency and phase. It is only close to the point of
pl anarization that the frequency and4phase of each differently sized
feature conv%%?es. Prior to thjs convergence t he uni que frequency and phase

of the i ntEYIFHRRS s YhPSUEALSREEEITKRe VAFF oIR Qﬁ??e?éﬁ?gy si zed
features caitemeativegspductha inferhatisnowiich dr cesssexraatgdr andonl y.

nter o ert e iR e et PpBofEata; the, SRERLLER 5t BENLTSLER, crn e,
di f f erent detersnined cphroughr exper enge sanddtheenes, whichyroopvey theilarly

si zed fealiff £Srmd¥én [OFat NS HEFEBEPed to be of most importance to
30 signal associated wth the particularly sized feature, or
the operator can be used.

Also, it should be noted that simply displaying the
interferometer waveform (i.e., the process signature) to the
operator can be yield valuable feedback on how well the
system is behaving. - Typically, the human eye is ektremely
sensitive in detecting even subtle changes in an image from
what one ekpects to see. Thus, after gaining some
experience, the operator will often be able to detect
changes and imminent problems in the overall CMP system
performanée simply by looking at the waveform. Thus, in the
described embodiment, the computer also displays the
signature waveform to the operator during processing so that
the operator can also use it to monitor equipment.
performance. '

Using techniques known to persons skilled in the
art, one can readily develop software algorithms which
automatically recognize or detect the changes for which the
operator is looking and which tip off the operator to
certain problenms.

A Modification for Obtaining Improved Performance

Another embodiment involves a modification to the
window in the pad between the interferometer and the wafer.
Although the pad will transmit a substantial portion of the
interferometer laser beam, it has been found that there is
also a significant reflective component from the bottom *
surface of the pad. This situation is illustrated in Fig.

21(a) where part of the laser beam 34 emanating from the



group of features, has been isolated, the nmethods di scussed in association
wth'the renoval of material froma bl ank oxide disk are enployed to renove
just the anmount of material necessary to obtain the desired filmthickness.
O course, the frequency of the interference signal conponent caused by the
feature of interest nust be determned prior to the signal processing. It
Is believed this frequency can be easily,determ ned by performng a CWwW
process on a test specinmen which includes dies exclusively patterned with
structures_corres ondlng to the structure which i have a partlcular

S
overlying 1apart AntRRLe °m?ﬁ§rdé?eéﬁoFrgpﬁﬂéFtﬁPo&HEQHgHuFpﬁgPPE
process i sfepal azeﬂamsmmba keawn 702, hafd parteber thee laserubeque 34

frequency of th erf renc na us th urfa eat.ur.es
aSSOC|atedgﬁnfﬁ } 590 gﬁ@h%P g c%?&%btgg Qgce 70d"0s %%fh 3? fec

st eps neceﬁeamyatveﬁéﬁb&edabh@m dosGve- &B@creﬁéecnsdhbeamf7@6nbm@dheﬁgathe
filmthickgeasia@yabie aRERcH Guilieht! YDR) Shi#EOYR Ehesh 'ar'm%{,%'lzew .

structures on a die, 1.n_situ, uring t processi ng o

now be desgigbeall(ﬁ‘)r didustrates thds f!lufﬂ:n (adtbpugh, expggezates £orsi gnal
is filteregutpopassonciarity)GonIpme thief ekbmpaegn&hehw %ﬂfh:e

det d d th th t t. Thi
P op i o aEeoHpEiDHcaThm BH FetBteAd ana®, dLGRE] AOBE ABORCEY ques.
Next, in sVeﬂtBOtoatheaowema&ﬁ signadde @hetbe shift bEEmEeﬁ mh@bmema
pcpurrencesfl aRaiPEhig WL Youed S%rrti‘g Ce/Eh3daatd g,ﬁﬁn%at ectgyy si gnal

(al t hough an ent | e any portion thereof cou ave been
enpl oyed). e*ﬁé‘Plﬁm)l}ﬁt the ﬁétt@r iafalysis egudpmeny cpsrates: iish arange cycl e

(i.e. one-Bgl b-quckRltsSs ARAIFiRAEioh FERNOBCVishifted signal to
enhance the portion of interest is all but impossible
without reducing or eliminating the DC component of the
signal. If the DC component is not eliminated, the
equipment would be saturated by the amplified signal.
Reducing or eliminating the DC component electronically
requires added signal processing electronics and may result
in a degradation of the useful portion of the signal. Even
if the DC shift is not as large as described here, some
signal processing will still likely be required to eliminate
it. Accordingly, a non-electronic method of reducing or
eliminating this unwanted DC component is desirable.

It has been found that by creating a diffuse surface
704’ on the backside of the pad 22 in the area constituting
the window, as depicted in'Fig..zl(c), the reflected light
from fhat surface is. attenuated. Thus, the unwanted DC -
component of the data signal is reduced. The diffuse
surface 704’ in effect scatters the non-transmitted laser
light 708 rather than reflecting most of it back towards the
interferometer 32. The reflected signal from the wafer must
also pass through the diffuse surface 704’ and in doing so
sbme of it will also be scattered. However, it has been



previously described nethods. Then, a renpval rate is then calculated by
dividing the anmount of material renpbved by the

‘31 neasured tinme, as shown in step 508. This constitutes the rate at which
material was renoved in the preceding portion of the“cycle. In the next
step 510, the thickness of the material renoved as calculated in step 506
I's subtracted fromthe desired thickness to be renoved (i.e. the thickness
whi ch when renmoved will result in the gesired filmthickness overlying the
structure of interest), to determ ne a remaining renoval thickness. Then,

this remai phigar eRR¥AknE B GbReshidtS sirtidied Youedhadd HHIu isthi&oval

rate to determ ne _how nuch | onger the CMP process Is to bé continued before
it term naPfofhej AnteEheromet&ce a remmining tine has been cal cul ated, the

process is repeat ePigor2epE) DITUSELALEs0the AR¥AMBigNE1MbBtARned whefe
versa, Aocghd Myl Bl DTP 4 Mol PoC U L TR, L
cycl e reprtbeneddmipatiion ofcdheei® axfmponent, the signal can be
readily amplified and processed without the need to
electronically eliminate any DC portion.

How the diffuse surface is produced is not of
central importance. It can be produced by sanding the back
surface of the polishing pad in the vicinity of the window
or by applying a material coating which is diffuse (e.q.

- Scotch tape), or in any other way that produces the desired
results.

The present invention has been described in terms of
a preferred embodiment. The invention, however, is not
limited to the embodiment depicted and described. Rather,
the scope of the invention is defined by the appended

claims. .
What is claimed is:
44809.P11
THIS SHEET HASkBE'EN.
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the maxima and mninma (i.e. one-half) is divided by the neasured tine, and
1he renoval rate 1s | cul ated, just as in the first iteration of the

i gt he next step 510, as shown in brackets, the total
[mm"mpmg !Lla"‘!!lermve‘d during all the previous iterations is determ ned
before being msuBtracted fromthe desired thickness. The rest of the nethgd

remains the sane in that the remaining thickness to E?-reﬁaved—+s~d+¥+ e

by the newly cal cul ated renoval rate tdédeterm ne the HMH&BGA&I\BEEM gcess
time. This process is repeated until the remaining t{nme eBEPLAGEDeford the

next iteration can begin. At that poi@glaihde CVP process s termmated, as

seen in step 514. | S, hot ed t _althou e nethog for
control ling fiIn1t%1ckﬁ%é@oh%§g}?%eaaébg95 %t&? égaih@eﬁ%?ﬂbﬁaﬁor |
det er m ni npoiliishdnd ppperatus)dpempridingstrated in Fig. 10B, any of the

ot her endpoint detg gdescri bed-herein could al so be
enpl oyed, if desi reoﬂﬂfﬂﬁﬁ&;@ﬁ??gée 32 I t

is further noted t¥ataRetweanfermedt tn thecpolishing surface, the
aperture including a first section with a first dimension

and a second section with a second, different dimension;

a substantially transparent plug having a first
portion positioned in the first section of the aperture and
a second portion positioned in the second section of the
aperture; and

means for securing the plug in the aperture.

2. The polishing pad of claim 1 wherein the plug
is made of a polyurethane material.

3. The polishing pad of claim 1 wherein the f1x1ng
means includes an adhesive material.

4. The polishing pad of claim 3 wherein the
adhesive material is made of an elastomeric polyurethane
material.

5. The polishing pad of claim 1 wherein the first
portion of the plug has substantially the same dimension as
the first section of the aperture and the second portion of
the plug has substantially the same dimension as the second
section of the aperture.

6. The polishing pad of claim 5 wherein the first.
portion of the plug includes a top surface which is coplanar
with the polishing surface.

I S
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spot) and wavelength of the | aser beam generated by the | aser

Jdnterferonmeter can be advantageously nenipulated. As shown in Figs. 15A and
15B, ﬁ”ﬂﬂ“ﬂ\“ﬂﬁﬂﬂ]“ﬂm such as one focused to the.soallest spot possible
for t I Mbl oyed, covers a snaller arleEHISISHEET HAS BEEg [of the
waf er 14 thdn & w'def, |ess focused beam 86. Thils nar Rpp{ Atgpm 84 ifs nore
susceptible to scattering (i.e. beam 88u7due to' dties 90,
than the wi der beam 86, since the wi der beam 86 spreads out over nore of
the surface area th f 14 3 COFPRES : urface
irregularities gog'The(rife or%l;;éxvﬁ@?p{d;am 86 \Aﬁjl d %%%%%?egrati ng
ef fect andthdgkness pEsthe,seeppippertdon:efecitbey RAg: iisndass than dhecct ed
i nterf erenaepthybgl thassetohfageceian’ ©Fs thee apertage.of the wafer 14.
Accordingly, a wider beam 86 is preferred for this reason. The | aser beam
wi dt h can be w dened using well known optical devices. It nust al so
be pointed out tha. theThe deol bstuing pad refluckaimes awhetrabhethat fiirst
acqui sition:ti.nes:par ;pl e ti i t ' L.n which the beamis
conpletelyaégﬁggfﬁgdl%i?h?ﬁe?hgﬁbgukggr%ggﬁb ?ﬁgkﬁgﬁ owis less than it
woul d be with a narrower beam However, with the previously described
. nmethods of data aqu|3|¢ﬁénboiigﬁaﬁ§mbgd SptcPipreDtviRest PRI £h&apiugr obl em
In addition i nce the.,w der. beam al so spreads the |ight energy out over a
| ar ger are&hFag €8 RaFiBwer beam the intensity of the reflections will be
. I essen sonewhat. This drawback can be renmedi ed by increasing the power of
the | aser beam fr th 34 r . 1 hat S8y LNek sity
of the reflected g%%me?égﬁgél%é}#%%%Qﬁége?fé%%éo%w{lgsekﬂ EE&% F%;rai?ﬁe
mave|engthm@pnshénpégégsbganpdhgsﬁge material located on the rim.

11. A polishing pad for a chemical mechanical
. polishing apparatus, comprising:

a first layer having a polishing surface;

a second layer adjacent to the first layer{

an aperture through the first and second layers, the

“aperture including a first opening in the first. layer with a
first cross-sectional area and a second opening in the
second layer with a second, smaller cross-sectional area;

a substantially transparent plug positioned in the
aperture, the plug having a first portion positioned in the
first section of the aperture and a second'portibn
positioned in the 'second section of the aperture; and

an adﬁesive material fixing the plug in the
aperture.

~

12. The polishing pad of claim 11 wherein the first
layer has a first durometer measurement and the second layer
has a second, smaller durometer measurement.

This Sheet Has Been Rerlaced
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fea5|ble to enptoy—a wavel ength anywhere fromthe far infrared to

‘!ﬂ, is preferred that a
Mﬂ[ !ﬁllght range be used. The reason for this preference is
rs

tmo fdtdL orter wavel engths result in an incérease in the anount of
scattering caused by the chem cal slurry because this scattering is
proportional to the 4th power of the fmgquency of the | aser beam
Therefore, the Ionger the wavelength, the |ess the scattering. However,

Longer vvel engt hgyal sg heshhh b BRERIRL LBRYEHTnbAYSh, DELAR TR per

period of the |nterference S|gna ecau e anoun frat’erral ved
per periodhe riiepsmqfioxi natel y [err]/2n Therefore, the shorter the '

wavel ength, the |Q§§mﬂﬁ§e&hahpé9m%d N aOPsmahllaq plati sacfiethatblthe O
renove as I|ttIe of, the paterial 0ssj bl'e during_gac rf:i)erlod SO that t he

possi bi | i t3PVF ture ingludes eﬂ"?ﬁ %E?%WH 3 Lixsk minension andnpl e,
in a systeinﬁtm:wlsag:ﬁima W Eth calssecoled £ rd beter@it atlidonsdenh t he nunber

of cycles, or a pgiLEoRy! UeLeHheaRtal1y kednkBalEht’ F1lg 0S¢ ckness of

t he oxi de Iayer
aperture, with the plug having a first portion positioned in

the first section of the aperture and a second section
positioned in the second section of the aperture; and
securing the plug in the aperture.

14. The method of claim 13 wherein the securing
step includes fixing the plug in the aperture with an
adhesive.

15. The method of claim 13 wherein the step of
forming the aperture includes removing material from the
polishing pad.

16. The method of claim 15 wherein the removing
step includes removing the first section from a first layer
of the polishing pad and removing the second section from a
second layer of the polishing pad.
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renoved, any excess material renoved over the desired ambunt would be
mnimzed i f the anobunt of nmaterial renoved during each cycle, or portion
thereof, is as small as possible. It is believed these two conpeting
factors in the choice of wavelength are optimally balance if a red |ight

| aser beamis chosen. Red light offers an acceptabl e degree of scattering
while not resulting in an unnanageable anount of material being renoved per

cycl e. Furt her Enbodi nents 9The generated interference wavef orm
provi des considerabl e additional information about the pollshlng process.
Thi s addi ti onal f t[on can be usedxﬁ rOV|de; s| t U measurement

of the uniformt% b det ect when

the CMP system i SFOR A CHEMICAL MEQHAEICAL POLISHING APPRRRTEB operating
within spec (i.e., not operating as desired).

ABSTRACT OF THE DISCLOSURE
The polishing pad for a chemical mechanical
'polishing apparatus, and a method of making the same. The
polishing pad has a covering layer with a polishing surface
and a backing layer which is adjacent to the platen. 2
first opening in the covering. layer with a first cross-

- sectional area and a second opening in the backing layer
with a second, different cross-sectional area form an
aperture through the polishing pad. A substantially
transparent polyurethane plug is positioned in the aperture,
and an adhesive material fixes the plug in the aperture.
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Bot h, of these uses will now be described, . Uniformty Measurenent:

*The polishing and/ or planarization operations which are perfornmed on the
CWP system are generally required to produce a surface layer that is

uni form across the surface of the wafer/substrate. In other words, the
center of the wafer should polish aj,{§e same rate as the edge of the
wafer. Typically, the thickness of tﬁe pol i shed | ayer nmust not vary by nore
than about 5-10% |If that |level of uniformty ispweR6achieved, it is likely
that the wafer will not be usable since the devige yields will bh28
unacceptably low. In prlddsice, it is often quiteldifficult to achieve a
uni form polishing rate ac?tgséthe wafer. Jt typiqally requires opt{m zing
many different variables to kéep it perf orrrgrwitir—tte—spges—+he end
poi nt detector described above provides a wery]udef ol” fqr nitoring
the uniformty of the |ayer being polished andjthat| nonitorirng cgn be
performed both in-situ data_ acquisition and prpcgss have

di scovered that the interfl@ence wavefer2at hat | i s 3 ced by the
interferonmeter during polighing proviges inforhmatli out tHe upiformty
of the layer that is being Yolished. As no fr abdve, H g putfut ¢f the
interferoneter ear as a sdnusoi dal |sign ds]theiJ face llayey (e.qg.
oxi de | ayer) i5"be ST ance NeNyeEEnTT peals of t hat
signal indi catZ0 asy peerT TenoyEd P fjop off t hat
si nusoi dal si gnal TeT e W atso—be—pnottrer—hrgirer—treguency si pusoi dal

si gnal . 16
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The anplitude of the higher frequency signal indicates by how nuch the

t hi ckness of the polished | ayer varies across the surface of the wafer.

35 The reason that the high frequency signal appears is as foll ows.
As the polishing is being perforned, the interferoneter typically sanples
~(or looks at) different |ocations across the surface of the wafer. This is
because during polishing, both the platen and the wafer are rotating and in
addition the wafer is also being nov@dl&ially relative to the platen.

Thus, during poli'shing different areas of the wafer's surface pass over the
hole in the platen through which the i nt ef@er oneter sees the | ayer that is
bei ng polished. If thelgo I NIEI T Sty 7R oy one resul ting
interference waveform "'4&&i§§§i§§§§§§ﬁﬁ = ke erne di fferent

| ocati ons across the w ; FCE .7 PR v pstantially
the sane anplitude. On bh 5 not

uni form the sanpling } er variation
onto the sinusoidal base
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si gnal .

proportional

exanpl e of such a waveformis shown in Fig. 16.

frequency signal.

peak-to-peak anplitude Alerr] of the high frequency signal
peak-to-peak anplitude Alerr] of the | ow frequency signal.

This further variation has a frequency that
rotation and sweep rates that are used and it has an anplitude that
to the degree of nonuniformty of the polished |ayer.

S
An

I s dependent on the

In this particular exanple,
the nonuniformty was relatively large so as to clearly illustrate the high

A neasure of 1one uniformty is the ratio of the

to the

ratio, the nore uniformthe polished |ayer will be; and conversely, the
| arger this ratio, the nore uniformit w.ll be. A CWP system
whi ch produces a neasure of f oggpt y606 ghﬂmwir123g. 17. In addition to
t he conp ' eviaqusly: esc' ibed Ffg, 2. it alsdincl udes a
conput er s | | r anmed
to_contr 6T Ap€ abol a0t g &) o ey It ot & Ao o
anal ysi s NIRCCN NN\ el 2o 2 7 o SOSSK<3 20 [
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requi red to produce a nmeasure of uniformty fromthe interference signal
and it includes a display unit 160 through which various information and
results are displayed to an operator. Conputer 150 can be any devi ce which
is capable of performng the control and signal processing functions

i ncluding, for exanple, a standard Q? ghich is progranmed appropriately and
a dedi cated, specially designed digi i processing unit. Display unit 160
can be a video display, a printer, or any appropriate device or conbi nation
of devices for comrunicating information to the operator of the CWP system
To generate a uniformty measure, conputer 1540is .programed to inplenent

and performthe signal proq 18. In
that regard, conputer 150 inpl ers,
nanely, a high frequency fill 3 ’ High
frequency filter 152 has a pas NHB r e high
frequency signal containind& i ) 2 L eRe efluency
filter 154 has a passband cent uefyc guency
signal containing the polishin ' ' ' of

t hese passbands is on the order of a few m || ifhe}{z~+B8 he case when the
period is on the order of tens of seconds3(-rideeffl, the width of the
passband is progranmed to vary in proportion wt center frequency, or

stated differently, to vary inversely to theggerjod of the signal being

exam ned. That is, if the period of the rel evant|{signal increases, the
bandw dt h of the passband filter decrggses and V[jce versa. Fig.
19(a) shows an exanple of an interfergreter ,/1-46
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signal obtain froman actual system Note that initially

37 the signal indicates that the layer is quite uniform i.e., no

di scerni bl e high frequency signal is riding on top of the | ow frequency
signal. After polishing has been perforned for a short period of tine, a
hi gh frequency signal begins to appear, indicating a certai-n |evel of
nonuni formty. Low frequency filter 1541%el ects the |ow frequency conponent
and filters out the other frequencies to produce an output signal of the
formshown in Fig. 19(b). Simlarly, high frequency filter 152 selects the
hi gh frequency conponent and filters out the other frequencies to produce
an out put signal of the formshown in Fig. 19(c). Conmput er 150

i npl enents two anplitude neasurenent functions 156 and 8158 whi ch neasure

t he peak-to-peak anplitudes of the output_stgnals [lters 152 and 154,
respectively. Once the anplitudes of t two filtered shgnals has been
determ ned, conputer 150 conputes a tio of the p-p anpl N ude of the high

frequency signal to the p-p 66
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anplitude of the |low frequency signal (i.e., Alerr]/Alerr]) (see functional
. block 162). After the ratio has been conputed, conputer 150 conpares (see
bl ock 166) the conputed ratio to a threshold or reference val ue 164 that
was previously stored in local nmenory. If -the conputed rati o exceeds the
stored threshol d val ue, conputer l.gég{erts the operator that nonuniformty
of the polished | ayer exceeds an ac abl e anount. In response, the
operat or can adjust the process paraneters to bring the process back into
spec. Singe the high frequency signal tends to appear only after
some polishing hasj been_perforned, |t |s ugeful to wait before attenpting

to neasure nonuni fiorm ty. H—QQZy
conpute the ratio jperi ¢di %Pg?i rthantﬁ y pf the
pol i shed.| ayer thrjough Eé e% sef it

38 may al so be degsira tpd ratios

t hr oughout the process so t hat the operator can detect changes and/ or
trends which are appearingin.the
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pol i shing process. This would be particularly useful if the in-situ

nmoni toring was done during on actual production wafers during polishing.
Note that the functions just described can be inplenmented through software
that is running on the conputer or they can be inplenented through
dedicated circuits built for this specific purpose. The bandpass
filters can be inplemented using technit{ls which are well known to persons
skilled in the art. In the described enbodi nent, they are FIR (finite

I mpul se response% filters which can be inplenented in either the frequency

or the time domaitR-YFpwever —to pefformthe fittertng rn,real, Ti ast he
i nterferoneter sigﬂ Il Decomes [avai [abl €, ifig,. 11 It er i ng ydlidlpe Tnjthe|time
domai n by convol ¥ g'tne in priafe THAGTORIV Th the VYieRRfim.as 1t |i s
bei ng gener at ed. ,The TeaROBITREE.T U5 ] it T coui HET st ihe di| e
domai n represent &ﬁ'@q DT H DA HES ﬁ &l LhaM 1%t BRI
characteristics ég@_ Hdtd e HH HUeind il | el ik | || i :m:tify
t he appropriate fitUenligs sk 5 | ieideHH ALY < hifgaqueingy of
the signal that k¢ pHEHUSE : ARk i oilis nHciaii | be
obt ai ned easily fromJ}H ilil:1s S H 40 kb s H s HTTRBHITE lle,
the center freque Jibt e : : ANHNe Hline
runni ng a batch (538_ : =mi sikil: z HH i de
coating) to obtai g gnlaHS i H el :
Al ternatively, the po] HE Y s . : - .
polishing run by de@sy HH$ 3 H edae 1 H : ency
signal. O course, USi{E HeH A S ,
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39 approach produces results that are not as accurate as averagi ng
reasurenments over a |larger nunber of wafers. In any case, the polishing
rate determ nes the center frequency of the bandpass filter and by know ng
the center frequency along with the desired bandwi dth of the filter one can
readily determine the precise formof the tine domain filter function
and/or the coefficients of the FIRfilter.i9 The frequency of the high
frequency. signal can be obtained in a sinmlar manner, i.e., directly from
the trace that i§ generated by the |nterfe‘oneter as the CNP systen1|s
pol i shing the waler.r

s—oBer-at-o a% es; t
di stance between peksMEASlHBEhl'EjME rB BN s c-'ngbe
readi | y aut omat eﬁﬁ sqo tORt A hlAMf At AND \MNMA}eO‘{RdV!SAaVEﬂSAJ g device

(e.g. a nouse), ¢an jrark tvvo qunt[:HE)nDErrgcymgf g](;Nmpearl ng on fa video
di splay and the ¢onp% Rt et he

frequency and the¢n fliter mefflm ents he0H4 | ter

coefficients andjof GOWWWIW@S“' @g«gt tLI)?(éRl 'R%Mb% ijons are
t hen
!
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stored in local menory for use later during the polishing runs to perform
the filtering operations. Process Signature: The interferoneter
wavef orm al so represents a signature of (i.e., it characterizes) the system
for which it was obtained. Because of this, it provides information which
is useful for qualifying a systemfor production operation. |If a signature
is obtained for a systemthat is knqgynigo be operating as desired, that
'signature waveform (or features extracted fromthe waveform can be used as

a reference agai nst whi ch subsequent|y,gener a.}%]d si gnat ur esgan be conpared
to determ ne whether the system or_sy§ ens fr whi ch si gna? res were

subsequent|y obtained are 4

0
perform ng within spec. For exaang, i é 's?gg pads—are h&rrg’é'&‘br a
new batch of slurry is used in the ¢WP|s h { per at or neegds to know
whet her that change has detrine 'Y ted the QJaIity of t sshing
whi ch \

FIG. 11A

76
72 74 -

J 14
78 J 80 82 . ./
' 592

G,

FIG. 11B

/‘."14
52

FIG. 11C

402

¥

SEARCH FOR CYCLIC VARIATION IN SIGNAL
OUTPUT BY LASER INTERFEROMETER

404

y

TERMINATE CMP PROCESS

" FIG. 12




the system perforns. W have discovered that a change in per formance of the
CWP systemresults in a change in the signature. That is, certain features

wi l.I appear in the waveformthat were not previously present or previously:
existing features will change. By ‘detecting those changes, it is possible
to detect when a systemis not perform ng as desired. In the

descri bed enbodi nent, the extracted féétares fromthe interferoneter

wavef orm are the pollshlng rate and the neasure of uniformty. Both of
these characteri gTrcs are reagity-obtarnabre fromtng 1 nterfaroneyer
waveformthat is Benerat dufr i ng| poliji shifing ay udi ng |t he jmret Qods previ ously

descri bed. A propgerlyloperating systemwjll proddce g parjticyl ar pq&gshlng
‘rate and a parti meaisurel of ‘uniflormfty. |A drlift fawavi fram t hds&

ref erence val ues des| an | ndicatijon tihat |t he |systlemils ndvi ng aﬁpy from
its desired oper poi nt %nd alertis t ed fgr
corrective actio hs tp avpi d destf oyi : met Hod whi ch
uses a CWP syste oo t-Ha s b ab-ald— 6 H—ndw be
described. Initi an ntefferpneter naturje) is
generated for a stem whj ch } s kjhown opﬂlnally (step
250). The decisi ph as{t0 her | he pyst

determ ned enpirgjgarty by progessyng @ s T Tesl wWaf er g an anal@ ng the
results. Wen the¢jresplts]tha arge prloduced it hijn sdec, t hen jt he
ilgur o

[
signature can befjgenefated fof thft clonf i and set| of joperdting
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41 interferoneter waveform it is desirable to polish the wafer between
50- 100% of the way through the oxide so that the waveformis truly a
signature of the polishing set up. After the waveform has been
obtained, certain relevant features are then extracted fromthe generated
wavef orm (step 252) and stored for |ater Ibel%s a reference agai nst which
to evaluate that system s perfornance at sone later tinme or tines (step
254). Alternatively, the waveformitself can be stored and used as the
reference. In tje descrrbed enbodrnent th- extracted features ar e 15g2
polishing rate i '

determ ned from
20b, at sone | at
used to qualify
qualify a systemnf oy :
system (step 259) and t he relevant featur-; are extracted frontthat{TﬁQ%
signature (step ggﬁsu&f Akl BEWEERATHES DECBRRENTE P A UALMA'
stored reterenc INIMA, OR VISA VERSA, IN THE DETECTOR SIGNAL

b Fi g.
can be
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features (step 264). If the operating point, as characterized by the set of
éxtracted features, falls wthin a predeterm ned region around the
reference point, as defined by the stored reference set of features, then
it is concluded that the systemis operating properly and that it can be
brought -online for processing product wafers (step 266). If this process is
automated, the conputer may at this point alert the -operator that the
process is within spec. On the othera3hpnd, if the operating point falls
outside of the predeterm ned regi that is an indication that the system
is not operating within spec and t'% operator is alerted to this problemso
that corrective action can be takerl (step 268). The corrective action m ght
i nvol ve adjusting sone process parayeter appropriately to

42 bring the process w thin spec. i polishing rate is
excessive or if oxide nonuniformty N ted, then the
operator may recognize that it is a ew batch of slurry,
or to adjust '

s |arger than per
ropriate to try a
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the pressure on the pad, or to even replace the pad. The particul ar course
of corrective action that is chosen will of course depend upon the details
of how the system has departed fromits desired operating point, the
configuration and operating paraneters of the particular system and what
‘the operator's experience has taught him To provide further useful
information to the operator, the conputer also optionally outputs through
its display device(s) information abgpigthe extracted features (step 262).
The di spl ayed information may be p{ sented as the extracted features, the
waveform how close the various extfacted features are to the different
features of the stored reference sgt, or in whatever nmanner proves to be
nost useful for the operator. O course, the above-described
in-situ, real tine nonitoring proce pe(i odically while
processi ng production wafers or whe aranmeter i s changed
in the CMP system (e.g. a new polish\ng pad is used, pafl pressure is

adj usted, or a new batch of slurry ig used) and it beccnes necessary to
know t hat the CMP process is still taT=Ya di on, it can be used
on bl ank wafers, instead of actual he CMP system pri or
to using it on actual pr oduct . have descri bed a straight
forward and sinple approach to extracting i $0ion fromthe signature
waveform i.e., by using the polishingB8s ang t he nmeasure of uniformty,
the signature or interferoneter wavefor be anal yzed by using nore
sophi sticated techniques (e.g. pattern d tiLg4[ecognition or ot her
i mge anal ysi s ]
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43 al gorithns, or neural networks, just to name a few alternatives). The

i nformati on which various extracted features convey regardi ng the operation
of the system can be determined through experience and the ones which
convey the information that is perceived to be of nost inportance to the
operator can be used. Al so, it should be noted that sinply

di splaying the interferoneter vvaveforlﬁl/(li9.e., the process signature) to the
operator can be yield val uabl e feedback on how well the systemis behaving.
Typically, the human eye is extrenely sensitive in detecting even subtle
changes in an imge from ne S to see. Thus, after gaining sone
experience, the operator Wi ldy qf t ¢n abl e to detect changes and i nm nent
probl enms in the overall CNPéyste br mance sinply by | ooking at the
wavef orm Thus, in the deqcrIbegd hntédi ment, the conputer also displays the
signature waveformto tge op{ﬁretor oﬁri Ng processing so that the operator
can also use it to rmniv‘-ger. egui pmgntSpe fqgrance.
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Usi ng. t echni ques known to persons skilled in the art, one can readily
devel op software al gorithns which automatically recognize or detect the
changes for which the operator is-logking and which tip off the operator to

certain probl ens. A Modification fpry@SREET RAS/gRENOVed Per for mance
W n@g
: |

w in the pad between
transmt a

Anot her embodi nent involves a nodifigatiorg Aﬁlbﬁ
the interferoneter and the wafer. Al1 e
substantial portion of the interferone Y aser beam it has been found

that there is also a significant reflective conponent fraomthe bottom
surface of the pad. 3bfs—$itdatHonts—itHdstrateg—+p—rg—t2{l(a) where part
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forma reflected beam 706. The refl ected beam 706 creates a consi derabl e
direct current (DC) shift in the data signal. Fig. 21(b) illustrates this
shift (although exaggerated for purposes of cfarity). Inn this exanple, the
DC shift resulting fromthe reflect qdrheSHEE about 8.0 volts to

t he overall signal. The DC shift crdgates nal yzi ng the useful
portion of the data signal. For exan anal ysi s equi pnent
operates in a range of 0-10 volts, a.gcp”{ i clati on of the DC shifted signal
to enhance the portion of interest I8 @ but i npossible w thout reducing
or elimnating the DC conponent of the signal. If the DC conponent is not
elimnated, the equipnent would be saturated by the anplified signal.
Reducing or elimnating the DC conponent electronically requires added

si gnal processing el ectfo o ' dati on of the useful
portion of the signal. Hvel gﬁl;“ilr Erﬁﬁg’é"@{xﬁaégl 860s descri bed
here, sone signal procedsi 17 . ' y be requilred-to elinnate it.
Accordi ngly, a non-el ectronic nethod of lr educing or elimnating this

unwant ed DC conponent i oyl A T beemy ound t hat by
creating a diffuse surfgc ) ' ING'€ pad 22 in the area
constituting the w ndow, [ (] el+@bLect ed 1 ght
fromthat surface is attle S i l onponent of the

data signal is reduced. The difi‘use surflace 704" in effect scatters the

non-transmtted | aser | ight—F8—+ather—than—tettectineyost of it back
towards the interferomet‘;ar 3§T0ﬁ¥§\??<§’f:%§f9d‘=§'?ﬂ sfron_ggq waf er nust
al so pass through the di f us&QR AL 'and in doinglso sone of it wll

al so be scattered. However, it hafFli@ 20A
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9702 78 1-7 45 found that this does not _
seriously degrade the performance of the interferoneter. Fig. 21(d)
illustrates the data signal obtained when the diffuse surface 704" is

enpl oyed. As can be seen, with the elimnation of the DC conponent, the
signal can be readily amplified and erigssed w t hout the need to
electronically elimnate any DC porti8 ; How the diffuse surface is

produced is not of central inportanc®2it can be produced by sanding the
back surface of—~tRe<pek-shiRg : T .

appl yi ng aﬁt NN any
ot her way t = . i on
has been descr NI\ enNgrr e : | A

however, i-s no _ : 704
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limted to the enbodi ment depicted and described. Rather, the scope of the
invention is defined by the appended cl ai ns.

Cains 1. - A polishing pad for a chenical nechanical polishing
apparatus, conpri sing: ' a first surface for polishing a substrate;

. a second surface for attachnent to a pllat/dr, an aperture formed from
the first surface to the second surfagm the apeggire including a first
section wi'th a first dinmension and seco section with a second,
di fferent dinmenksiwn u ant NN ' Ifirst
portion 22 ' 77— AR T LD L A A Y S Ay S

- LSOMOSOSSNONANNANNNN
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posi tioned in the first section of the aperture and a second portioQQatzﬁ.L

positioned in the second section .of the aperture; and means for
securing the plug in the aperture. 2. The polishing pad of claim1
wherein the plug is nade of a pol yurethane materi al . 3. The pol i shing
pad of claim1l wherein the fixing neans incl uc dhesiyge terial. 4.
The polishing pad of claim 3 wherein the adhe@%ﬁeéa?i éﬂ e of .

el astoneri ¢ pol yuret hane nateri al . 5. The pol i shi adeef Iafnizn
wherein the first portion of the plug has substantially the sane di neffsi onf

as the first section of the aperture and the second portion of the plug has
substantially t he sane di nension asiguasecond section of t-he aperture.

found that this does not seriously degrade the performance
of the interferometer. _

Fig. 21(d) illustrates the data signal obtained when
the diffuse surface 704' is employed. As can be seen, with

_the elimination of the DC component, the signal can be
readily amplified and processed without the need to
electronically eliminate any DC portion.

How the diffuse surface is produced is not of
central importance. It can be produced by sanding the back
surface of the polishing pad in the vicinity of the window
or by applying a material coéting which is diffuse (e.qg.

- Scotch tape), or in any other way that produces the desired
results.

The present invention has been described in terms of
a preferred embodiment. The invention, however, is not
limited to the embodiment depicted and described. Rather,
the scope of the invention is defined by the appended
claims.
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47 6. The polishing pad of claim5 wherein the first portion of the .

plI"ug i ncludes a top surface which is coplanar with the first surface. 7.
The polishing pad of claim6 wherein the thickness of the second portion of
the plug is less than the depth of the second section of the aperture. 8.
The polishing pad of claim®6 wherein the first dinension is larger than the
second di nensi on. 9. The polishing pad of claim1 wherein the plug
includes a rim 10. The polishing pad of claim1l wherein the fixing
means includes an adhesive nmaterial49ocated on the rim 11. A

pol'i shing pad for a chem cal nechani cal polishing apparatus, conprising:

NG SPAR NDOW I _ ISHING P
A CHEMICAL CAL POLISHING AP us

ABSTRACT OF THE DISCLOSURE
The polishing pad for a chemical mechanical
- 'polishing apparatus, and a method of making the same. The
polishing pad has a covering layer with a polishing surface
and a backing layer which is adjacent to the platen. A
first opening in the covering layer with a first cross-
sectional area and a second opening in the backing layer
with a second, different cross—-sectional area form an.
aperture through the polishing pad. A substantially
transparent polyurethane plug is positioned in the aperture,
and an adhesive material fixes the plug in the aperture.

(Fig. 3D)
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+a first |ayer having a polishing surface; a second | ayer

. ;adjfacent to the first 1ayer; an aperture through the first and
second | ayers, the apertureincluding a first opening in the first |ayer
with a first cross-sectional area and a second opening in the second | ayer

with a second, snaller cross-sectiong,area; a substantially
t ranspar ent plug positioned in the aperture the plug having a first
portion positioned i—tHhe—f-rgt—epenrgr-arthe—Hrstrtayer and a second
portion positione®dfrtiheFecgndjopeni np 1 iﬁgseccnd ayer: and
an adhesi ve nat er i28—Fixt+ny—tie oo the—aperurg-
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48 * 12, _ The pollshlng pad of ‘claim 1l wherein the first layer has a '
first durorreter rreasurerrent and the secondl‘ayer has a second, snaller '

dui ouet &5 ¢ A'method of forming a’ PO| pplichébnd,
coé%%ﬁ%?&%ﬁ@ s%? om form ng an aperture i ‘sgﬂﬁﬁi‘l;‘ihf ng pad

TCC CITC GPCILUIC IIIL,I UUCD A IIIDL DCULIUII VVILII [=} II ol Ur mmerisr UTI allu

mxcmnd monmumﬂmntnmﬁtfwam 5 of the first theet) pl aC| ng a

5
o e padi(i i‘BP&‘é Hhcal ical le Etaty WietHiod o aking the SahE. "¥h
air gig’ Ly 0%" éﬁ fiﬂmlitss i i kinga e %hwﬁl Dt 0
g% ye?&r i 1rstgos Z}%g 8 ﬁ%g%%)lnme
th ﬁtglég F ?%e eren?gross-sectlonal aréa form an ape ou th pohs mg

substantia ly sparent polyurethane plug (600) is positioned in the aperture, and an adhesive material fixes the plug
in the aperture. .
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1. A polishing pad for a chemical mechanical polishing

apparatus, comprising:

a first surface for polishing a substrate;

a second surface for attachment to a platen;

an aperture formed from the first surface to the second
surfaee, the aperture including a first section with a first
dimension and a second section with a second, different

_dimension;

a substantially transparent plug having a first portion
positioned in the first section of the aperture and a second

portion positioned in the second section of the aperture; and
means for securing the plug in the aperture.

2. The polishing pad of claim 1 wherein the plug is made of

a polyﬁrethane-material.

3. The polishing pad of claim 1 wherein the fixing means

includes an adhesive material.

4.. The polishing pad of claim 3 wherein'the adhesive material

is made of an elastomeric polyurethane material.

5. The polishing pad of claim 1 wherein the_fi%st portion of
the plug has substantially the same dimension 'as the first
- section of the aperture and the second portion of the plug has

substantially the same dimension as the second section of the

aperture.
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an article having a polishing surface; an apej tREPEACEMTSE & ker
the article, the aperture including a first section W firef+rst

di nensi on and a second secti-on with a second, different |n§nﬁgeﬂ; d
a substantially transparent plug secured in the aperturfge jJan ﬁﬁaﬁ f
portion positioned in the first section of the apertur a_second
portion positioned in the second section ofothe aperturfe. - 18. - The
polishing pad of claim 17, wherein the article includes~zafitrst—tayer widh

the polishipgg surfere godishHes PUE I3y 136 3CRerkdnt kbef figkt! pretion bE:

st

The polishing pad of claim 18, wherein the agertuye ext.ends thr%g%p t he
first and sEg%hﬂlv%yeﬁgﬁludes a top surface which is coplanar wit he first
surface.
7. The polishing pad of claim 6 wherein the thickness.of

the second portion of the plug is less than .the depth of the

second section of the aperture.

8. : The polishing pad of claim 6 wherein the first dimension

is larger than the second dimension.

9. The polishing pad of claim 1 wherein the plug includes
a rim.
10. The polishing pad of claim 1 wherein the fixing means

includes an adhesive material located on the rim.

11. A polishing pad for a chemical mechanical polishing
apparatus, comprising:

a first layer having a polishing surface;

1

a second layer adjacent to the first layer; .

an aperture through the first and second layers, the
aperture including a first opening in the first layer with a
first cross-sectional area and a second opening in the second
layer with a second, smaller cross-sectional area,;

a substantially "transparent plug positioned in the
aperture, the plug having a first portion positioned in the first
opening in the first layer and a second portidn positioned in the
second opening in the second layer: and

an adhesive material fixing the plug in the aperture.
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12. The polishing pad of claim 11 wheréin the first layer
has a first durometer measurement and the second layer has a

second, smaller durometer measurement.

13. A method of forming a polishing pad, comprising the
steps of:

forming an aperture in a polishing pad such that the
aperture includes a first_section with a first dimension and a

second section with a second, different dimension;

placing a substantially transparent plug in the
aperture, with the plug having a first portion positioned in the
first_seétion of the aperture and a second portion positioned in

the second section of the aﬁérturg; and
securing the plug in the aperture.

14. The method of clalm 13 wherein the securing step '

includes fixing the plug in the aperture with an adhesive.

15. " The method of claim 13 wherein the step of forming the

aperture includes removing material from the polishing pad.

16. ~ The method of claim 15 wherein the removing step
includes removing the first section from a firstflayer of the
bolishing pad and removing the second section from a second layer

of the polishing pad.
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17. A polishing pad for a chemical mechanical polishing

apparatus, comprising:

an article having a polishing surface;
an aperture formed in the article, the aperture
including a first section with a firet dimension and a second
section with a second, different dimension; and
‘a substantially transparent plug secured in the aperture and
having a first portion positioned in the first section of the
aperture and a second portion positioned in the second section:of

the aperture.

8. The polishing-pad”of claim 17- wherein the article
includes a first layer with the polishing surface and a second

layer adjacent to the first layer.

19. The polishing pad of claim 18, wherein the aperture

extends through the first and second layers.
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