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Optical View Port For Chemical Mechanical

Planarization Endpoint Detection

Fiel.d of the Inventions

The inventions described below relate to the processes of
chemical mechanical polishing, and devices and methods for

monitoring the progress of the polishing process.

Background of the Inventions

Construction of integrated circuits requires the creation
of many layers of material on a substrate of a silicqn wafer.
The layers are created in numerous steps, creating or
depositing material first on the wafer and then polishing the
wafer until the layer is very fiat, or planarized. Some
layers are created by deposition or etching of a circuit, with
an intended irregular tépology.._Some ié&érs are created by
allowing the underlying layer to oxidize or otherwise react
with the atmosphere) without-thé poséibility of control over
the flatness of the resultant layer.”-Thus, many of the layers
must be polished to flatten or “planafize” the surface until
it is suitably flat for-creation ofithe next layer. The
process of'layer deposition and planarization is repeated many
times over to create_a'number of layers with electronic
circuitry on many of the layers and interconnects between the
layeré to connect this circuitry. The end result can be an
extremely complicated yet'miniature device. The complexity of
the circuits which can be created depends on several factors,

one of which is the degree of flatness which can be created in

- the planarization process, and the reliability of the

planarization. Planarization of the layers preferably results
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in surface variation over a large area (500-1000 square

millimeters on the order of 1000 angstroms or less.

One method for achiéving semiconductor wafer
planarization or topography removal is the chemical mechanical
polishing (CMP) process. Chemical mechanical polishing (CMP)
is a process for very finely polishing surfaces under
precisely controlled conditions. In applications such as
polishing wafers and integrated circuits, the process is used
to remove a few angstfoms of material from an integrated
circuit layer, removing a precise thickness from the surface
and leaving a perfectly flat surface. To perform chemical
mechanical polishing, a slurry comprising a suitable abrasive,
a chemical agent which enhances the abrasion process, and
water is pumped onto a set of polishing pads. The polishing’
pads are rotated over the surface requiring polishing
(actually, in processing silicon wafers and integrated
circuits, the polishing pads are rotated under the wafers, and
the wafers are suspended over the polishing pads and rotated).
The amount of polishing (the thickness removed and the
flatness of the finished surface) is controlled by controlliﬁg
the time spent polishing, the distribution of abrasives in the
slurry, the amount of slurry pumped into the polishing pads,
and the slurry composition (and other parameters). While it
is therefore important to control each of these parameters in
order to get a predictable and reliable result from the
polishing process, it is also desired to provide a method for
determine when the wafer surface has been planarized to the
specified flatness. Determination of when the wafer has been
polished to the specified flatness is referred to as “endpoint
detection.” 1In a crude method, the wafer can be removed from
its polishing chamber and measured for flatness. Wafers that
meet the desired flatness specification can be passed onto

further processing steps; wafers that have not yet been
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polished enough to meet the desired flatness specification can
be returned to the polishing chamber, andgwafers that have
been over polished ean be discarded. Moréfadvanced'methods
measure the wafer surface during the polisning process within
the chamber, and areigenerally referred.te-as *in-situ”
endpoint detection. }:Devices and methods Ebf measuring wafer
flatness by 1nterpret1ng various wafer propertles, such as
reflection of ultrasonic sound waves, changes in mechanical
resistance of the wafer to polishing, electrlcal impedance of
the wafer surface, or wafer surface temperature, have been

employed to determine whether the wafer 1s flat

Recently, a process referred to as optical endpoint
detection has been developed to measure'theﬁthickness of ‘the
top layer of a wafer. Optical endpoint detection refers to
the process of transmitting a laser beam.ento'the surface of
the wafer and analyzlng the reflection. Mest'of the laser -
beam is reflected by the upper surface of the top layer of the
wafer, by some of the laser beam penetrates.the top layer and
is reflected,by thefunderlying layer. Theftwo reflected light
beams are reflected to an 1nterferometer, whichlmeasures the
1nterference between- the two llght beams . - The degree of
interference is indicative of the tthkneSS'Of the layer,
permitting precise determination of the layer thickness at the
point of measurement. Numerous measurements over the surface
of the wafer can be compared to obtain an overall indication
of surface flatness. The process has been described in
reference to plasma etching in Cerliss, Semiconductor.Wafer
Processing With Across-Wafer Critical Dimension Monitoring
Using Optical Endpoint Detection, U.S;_Patent 5,427,878 (Jun.
27, 1995), and in reference to chemical mechanical polishing
in Birang, et al., Forming A Transparent Window In A Polishing
Pad For A Chemical Mechanical Polishing Apparatus, U.S. Patent
5,893,796 (April 13, 1999). Birang describes a method of
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performing endpoint monitoring by passing a laser beam through
a hole in the pol@ﬁhing pad and supportifi platen. This hole
is positioned suéh”that it has a view of the wafer held by a
polishing head during a portion of the platen's rotation in
which the hole passes over a stationary laser interferometer
within the CMP process chamber. The hole in the pad is filled
with a transparent plug which is glued into the polishing pad.
In this system, condensation and slurry seepage into the space
under the window can interfere ﬁith the laser beam
transmission, and imperfect match between the level of the pad
and the level of the transparent plug can cause trenching in

the wafer.
Summary

_ The devices described below enable optical endpoint
detection in a chemical mechanical planarization system using
a rotating polishing platen and off center wafer head tracks.
The optical viewport through which the requisite optical
fibers transmit and receive light from the wafer surface is
located in the platen and polishing pad, off the center of the
polishing platen, and communicates with the laser source and
laser interferometry equipment through a fiber optic bundle
which extends radially from the viewport position radially
displaced from the center of the platen to the center of the
platen, and downward through the platen spindle to a rotary
optical coupling which permits the bundle to rotate with the

platen during the polishing process.

The optical viewport is provided as an assembly including
a transparent window, a window casing which can be adjustéd in
height relative the platen and polishing pad, to permit flush
adjustment with a variety of pad of different thickness.
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Brief Description of The Drawings

Figure 1 is an illustration of pribr end point detection

system in a chemical mechanical polishing chamber.

Figure 2 is an overhead view of a chemical mechanical

_ system with the optical endpoint window installed.

Figure 3 is an side view of a chemical mechanical system

with the optical endpoint'window installed.

Figure 4 is an elevation view of the optical endpoint

window and fiber bundle assembly and polishing table.

Figure 5 is an close up elevation view of the optical

endpoint window.

Figure 6 is a cross section of the optical endpoint

window assembly in place within the platen.

Detailed Description of’ the Inventions

Figure 1 shows a prior art chemical mechanical polishing

apparatus 1 used to polish the semiconductor wafer 2 held by
polishing head 3. The polishing héad suspends the wafer above
the polishing platen 4, while lightly fdrcing the wafer
against the polishing pad. The poliShing'head is in turn held
by the translating arm 5, which is'supported and translated
back and forth horizontally by the tfanslation spindle 6. The
polishing platen 4 holds, suppofts, énd rotates the polishing
pad 7. The polishing platen is rotated about its center axis
by platen spindle 8 (referred to as the process table drive).
The polishing pad 7 typically has a covering layer 9 secured
to a backing layer 10 which adheres to the surface of the

platen (the backing layer is not always used). The covering

e STt S AN et b e TR AR s e



10

15

20

25

30

WO 00/76725 T ' PCT/US00/16026

layer 9 is the po;ishing surface, and is comprised of an open
cell foamed polyurg;hane {({e.g. Rodel Iclppp) or a sheet of
polyurethane with'a grooved surface (e.g;.Rodel EX2000). The
pad material is wetted with the chemical polishing slurry
containing a slurry medium (water) an abrasive and chemicals.
One typical chemical slurry includes KOH (Potassium Hydroxide)
and fumed-silica particles. When slurry has been deposited on
the polishing pad, the wafer is brought into contact with the
polishing pad, and the platen 'is rotated about its central
axis by spindle 8 while the polishing head is rotated about
its central axis by polishing head spindle 11, and translated
across (swept back and forth horizontally) the surface of the
platen 4 via a translation arm 5. In this manner, the wafer
is polished by the slurry loaded polishing pad. Aall the
components are housed within the process chamber 12, since the
agents used are caustic and corrosive, and the process is
performed at elevated temperature. This system permits
interferometry measurement through the platen aperture 13 and
pad aperture 14 which overlies the platen aperture. These
holes 13 and 14 are positioned on the platen/pad assembly such
they are below the wafer 2 and polishing head 3 during a
portion of the platen's rotation, regardless of the
translational position of the head 3. A laser interferometer
15 is placed within the chamber is fixed below the platen 4 in
a position enabling a laser beam 16 projected by the laser
interferometer to pass through the platen aperture and pad
aperture and strike the surface of the over-passing wafer 2
during a time when the apertures'are passing under the wafer

2.

Our chemical mechanical polishing system is illustrated
in Figures 2 and 3. Figure 2 is an overhead view of a chemical
mechanical system 20 with the optical endpoint window 21

installed. The wafer 2 (or other work piece requiring
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planarization or polishing) is held by the polishing head 3
and suspended over the polishing pad. 7 from the translation
arm 5. Other systems may use polishing heads that hold
several wafers, and.Separate translation,éfﬁs on opposite
sides (left and right) of the polishing pééi The slurry used
in the polishing process is injected ontofﬁhe surface of the
polishing pad through slurry injection tube :22. The optical
endpoint window 21 located within polishinéfpad aperture 13
(and the underlying platen recess 23 (not Qisible)) and is
centered on the polishing pad and underlyihg'platen at a point
which is radially midway between the centerﬁéf the polishing
pad and the outer edge of the polishing pad[platen assembly,
so that it lies in the center of . the wafer'tiack (i.e., the
center of the overall path of the wafer ovéf.the polishing.
pad). The window itself rotates with the polishing pad/platen
assembly, which rotates on platen spindle 8 (shown in phantom)
in the direction or arrow 24. The polishing heads rotate about:
their respective spindles 11 in the direction of arrows 25.
The polishing heads themselves are transla;éd back and forth
over the surface of the polishing pad by the translating -
spindle 6, as indicated by arrow 26. Thus;-the optical
endpoint window 21 passes under the polishing heads while the
polishing heads are both rotating and translating, swiping a
complex path across the wafer surface on each rotation of the

polishing pad/platen assembly.

Figure 3 is a side view of a chemical ﬁéchanical system
20 with the optical endpoint window installéd. The components
correspond to the components éhown in Figure 2, including the
wafer 2, polishing head 3, platen 4, translation arm 5,
translation spindle 6, polishing pad 7 (with: covering layer 9
and backing 10), process table drive spindle 8, polishing pad
aperture 13, platen recess 14, optical endpoint window 21.

The additional features shown in Figure 3 permit the laser
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beam to be routed;to the wafer surface regardless of the
position of the p%ﬁgen recess and pad apgrture in relation to
the laser interfefdmeter 30. A optical fiber bundle 31 is
routed from the optical window at a point radially between the
center of the platen and the outer edge of the platen,
inwardly and radially toward the center of the platen, and
downwardly from the platen to a rotary optical coupling 32.

In the embodiment shown, the optical fiber bundle is routed up
and down the process table drive spindle 8, and is vertically
oriented, within the process table drive spindle. The fiber
bundle turmns 90° and runs horizontally and radially through
the platen to reach the optical window. At the optical window
housing, the fiber bundle turns upwardly to direct a laser
beam transmitted through the fiber to the wafer surface
through the window and any slurry between the window and the
wafer. The bend radius of the turn at the platen axis and the
optical window is limited as appropriate for the make of"
fibers chosen. Within the rotary optical coupling, the
coupling end 33 of fiber bundle 31 rotates within rotary seal
34, and is optically coupled to the stationary fibér bundie 35
through appropriate beam splitting devices. The outgoing and
reflected laser beamé are transmitted from a laser source
within laser interferometer. The laser interferometer is
located outside the process chamber, since it need not be in

line with any aperature in the platen.

Figure 4 is a view of the optical endpoint window, fiber
bundle assembly and polishing table. The fiber optic bundle
32 communicates with a horizontal segment 32h spanning from
the optical viewport assembly 40 disposed on the radial
extremity of the bundle cover tube 41 (which establishes the
fiber bundle’s horizontal and radial route through the
platen), radially inwardly through the bundle cover tube 41

and through downward bend 42, where the same bundle runs
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vertically downward (segment 32v) through collar 43 to
terminate in the rotary bundle coupling end 33 which rotates
freely within the rbtary seal shown in Fig@fe 3, The bundle
cover tube 41 will reside in the fiber bundie channel 44 in
the platen, which communicates from the'ceﬁger aperture 45 in
the platen to the viewport assembly recess ?ﬁ'located radially
about halfway betweén the center of the plaﬁén and the outer

edge of the polishing pad.

Referring to Figure 5, the optical ﬁieﬁport assembly 40
is shown in greater'@etail. A fiber output{array 50 holds the
optical fibers of the bundle within the channel, with the
light emitting/receiving ends of each fiber'facing upward into
endpoint window (and hence into the face of:an overlying
wafer). The endpoint window is placed over the upper face of
an endpoint window casing or array bracket Sl,-covering the -
aperture 52. The apérture 52 fits closely éver fiber array -
50. The window casing 51 is secured to the_bottom of the.
recess 46, aligned over the cover tube 41 and array :channel
fiber array 50. The window pane 53 is the transparent barrier
interposed between the fiber optic array and-the process
chamber environment (and, as described below, its upper
surface 54 is maintained coplanar with the upper surface of
the polishing pad. The window pane is made'qf a transparent
material such as polyurethane, or élear plastics such a
Clariflex™ and polyIR5™. The thickness of this window pane
may be varied for use.with different makes qf polishing pads
to ease the amount of adjustment necessary ﬁd make the upper
surface of the window flush with the'upper surface of the
polishing pad. Centering support member 55 iests in a recess
in the platen, with support springs 56 interposed between the
support member and thé cover tube 41 (or resting on the bottom
of the recess and extending through holes in the support

member). The centering support member has a V-shaped channel
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running through its upper surface, providing a resting place
of the fiber bundle cover tube 41 which

for the radial e
assure that it passes through the center of the window
assembly. The centering support member is made of a low
durometer (about 30-50 Shore A} polyurethane or similar
material, so that it functions to cushion and support the
fiber array 50. The entire assembly is inserted into a recess
46 (Figure 4) within the polishing platen. The window casing
51 is located relative to the platen with height adjusting
screws 57, which may be adﬂusted to raise and lower the window
casing, and thus the window péne, to be perfectly flush with
the polishihg pad upper surface. The window casing 51 is
secured in place relative to the platen with a fastener such
as the locking screws 58, which penetrate the window casing
and enter receiving bores in the platen. Adjustment of the
set screws and tightening of the locking screws ensure perfect
alignment of the window casing so that the upper surface of
the window casing it parallel to the platen surface, and hence
the window upper surface of the window pane will be flat
relative to the upper surface of the polishing pad. Hence the
upper surface of the window pane is maintained flush (parallel
and coplanar with) the upper surface of the polishing pad. For
grooved pads, the window may be adjusted to match the top of
the grooves, and the pad itself may be grooved to match the

grooves of the pad.

The side view cross section of Figure 6 shows a close up
view of the window assembly within the platen 4 and extending
through the polishing pad. The bundle cover tube 41 extends
through the viewport assembly and rests on the support member
55 and the support springs 56. The fiber array 50 extends
upwardly into the aperture 52 in the window casing. The
window casing 51 is supported above the fiber optic array by

the set screws 57 engaging the bottom surface 59 of the platen
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recess. The vertical position of the window casing and window
is maintained by the locking screws 58 which enter threaded
receiving bores 60 in the platen recess. The window .pane 53
is secured to the upper surface of the window casing with

adhesives, tiny screws or other suitable means.

In use, the viewport assembly is placed in thé recess,
and adjusted in height so that the windgw_ﬁane upper surface
is flush with the upper surface of the pad. .The platen is
rotated, and the viewport_and.viewport assembly rotate with
the table, orbiting.around the platen center. The viewport
passes under the wafers repeatedly during the planarization
process, allowing numefous measuremehts'of wafer léyer

thickness.

Thus, while the preferred embodiments of the devices and
methods have been described in reference to the environment in
which they were developed, they are merely illustrative of the
principles of the inventions. Other'embodiments and -
configurations may be devised witbout departing from the

spirit of the inventions and the scope of the appended claims.
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We claim:

1. A system for planarizing the surface of a workpiece,'
wherein said system comprises a planarizing device including
process chamber which houses a rotating platen with a
polishing pad disposed on the platen surface, a pelishing head
for holding the workpiece over the polishing pad, a platen
drive spindle which rotates the platen about its center, said

device further comprising:

a recess in the platen located radially displaced from
the center of the platen, said recess having a bottom

surface within the platen;

an aperture in the polishing pad, said aperture overlying

the recess in the platen

an optical viewport assembly housed within the recess in
the platen, said optical viewport assembly comprising a
support member, a window casing, a window pane, and an
optical fiber array, said support member resting on the
bottom surface of the recess and supporting the optical
fiber array, said window casing is disposed over the
‘optical fiber array and is provided with an aperture
disposed over the fiber array, said window casing being
supported relative to the platen with at least one set
screw which can be adjusted to raise and lower the
window casing relative to the platen, at least one
fastener for locking the window casing in place

relative to the platen; and

an optical fiber bundle communicating from the optical
fiber array, rédially inward toward the center of the
platen, and then through the platen drive spool to an

optical coupling.
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2. A system for planarizing the surface of a workpiece,
wherein said system comprises a planarizing device including
process chamber which houses a rotating platen with a
polishing pad disposed on the platen surfaée, a polishing head
5 for holding the workpiece over the surface of the polishing
pad, a platen drive spindle which rotates the platen about its

center, said device further comprising:

a recess in the platen 10¢ated'radially displaced from
the center of the platen, said recess having a bottom

10 surface within the platen;

an aperture in the polishing pad, said aperture overlying

the recess in the platen;

an optical viewport assembly housed within the recess in -

the platen, said optical viewport assémbly ¢omprising a

15 ~ support member, a window casing, a window pane, and an.
optical fiber érray, said support member resting on the
bottom surface of the recess and supporting the optical
fiber array, said window casing is disposed over the
optical fiber array and is provided with an aperture

20 _ disposed over the fiber array, said window casing being
supported relative to the platen with at least one set
screw which can be adjusted to raise and lower the
window casing relative éo the platen, at least one
fastener for locking the window casing in place

25 relative to the platen, said optical viewport extending

from the platen into the aperture of the polishing pad,

and said window pane being flush with the surface of

the polishing pad.

an optical fiber bundle communicating from the optical

30 fiber array, radially inward toward the center of the
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A g

platen, aﬁavthen through the plateﬁ drive spool to a

rotary optical coupling;

said rotary optical coupling communicating with a laser
interferometer capable of transmitting and receiving
laser beams to the rotary optical coupling, said laser
interferometer being located outside the process
chamber.
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