
;e3eAoAl 4r66lTKf  r , 2 0 FEB 20p3  , A TECHNIQUE FOR CHEMICAL MECHANICAL
POLISHING SILICON Background The present invention relates generally to
chemical mechanical polishing of substrates, and more particularly to a
technique for chemical mechanical polishing silicon. An integrated circuit
is typically formed on a substrate by the sequential deposition of
conductive, semiconductive or insulative layers on a silicon wafer. After
each layer is deposited, it may be etched to create circuitry features. One
fabrication step involves the formation of vies, plugs and lines to provide
conductive paths between thin film circuits. Vies can be created by
depositinq a conductive layer, such as polycrystalline silicon (polysilicon
or p-Si), over a patterned insulative layer, and then planarizing the
polysilicon layer by polishing or etching until the insulative layer is
exposed. The portions of the polysilicon layer remaining,batween the raised
pattern of the insulative layer:form the vial) plugs and lines. . Chenmical
mechanical polishing (CMP) is one accepted method of planarizing and
exposing the insulative layer. This method typically requires that the
substrate be mounted on a carrier or polishing head. The exposed surface of
the substrate is placed-against a moving, e.g., rotating, polishing pad.
The polishing pad may be either a "standard" pad or a fixed-abrasive pad. A
` standard pad has a durable roughened surface, whereas a fixed-abrasive
pad has abrasive particles held in a    2 0 FEB 2003  containment media.
The carrier head provides a controllable load, i.e., pressure, on the
substrate to push it against the polishing pad. A polishing slurry,
.including at least one chemically-reactive agent, and abrasive particles
if a standard pad is used, or a chemical solution without abrasive
particles if a fixed abrasive pad is used, is supplied to the surface of
the polishing pad. An effective CMP process not only provides a high
polishing rate, but also provides a substrate surface which is finished
(lacks small-scale roughness) and flat (lacks large-scale topography). In
addition, an effective CMP process produces minimal dishing (over-polishing
of the polysilicon layer so that it is lower than the insulative layer) and
erosion (removal of the insulative layer). One problem that has bean
encountered in CMP, particularly in the polishing of polysilicon layers, is
non-uniform polishing, such as the so-called "center slow effect", which is
the tendency for the substrate center to be polished more slowly than the
substrate edge. The center slow effect typically results in underpolishing
(the removal of too little material) at the central portion of the
substrate  Equivalently, if the polishing parameters are changed to
increase the amount of material removed from the substrate central portion,
then the outer portion-of the substrate will be overpolished, resulting in
dishing and erosion. The underpolishing of the substrate center ox the
overpolishing of the substrate edge reduces the overall flatness of the
substrate, making either the center or the edge of the substrate unsuitable
for integrated circuit fabrication and reducing process yield.   



2 0 FE8 2003 _ 3 Sub In one aspect, the invention is directed to a method
of polishing a silicon layer on a substrate. In the method,, the silicon
layer is chemical mechanically polished with an oxide-polishing slurry to
remove any native oxides, and chemical mechanically polished with a
silicon-polishing slurry. ' Implementations of the invention may include
the following. The silicon layer may be polished until it is planarized or
until an underlying layer is exposed. The first CMP step steps before the
silicon layer is substantially planarized or the underlying layer is
exposed. The first CMP step and a portion of the second CMP step may be
performed at the same polishing station. The second CMP step may be
performed at a plurality of polishing stations. The oxide-polishing slurry
may be distributed onto a polishing pad at the polishing station before,
as) or after the substrate is brought into contact with the polishing pad.
In addition, distribution of the oxide-polishing slurry may stop before,
as, or after distribution of the siliconpolishing slurry starts. The
substrate may be buffed with a buffing solution after the second CMP step.
The silicon layer may be polycrystalline silicon, amorphous silicon or
single crystalline silicon; and the siliconpolishing slurry may be a
polycrystalline siliconpolishing slurry) an amorphous silicon-polishing
slurry, or a single crystalline silicon-polishing slurry, respectively. The
silicon-polishing slurry may have a selectivity of at least 1:50. The first
CMP-step may less than about ten seconds, e.g., about three to five
seconds.    2 0 FEB 2003 . q In another aspect, the invention is directed
to a method of planarizing a substrate. In the method, a silicon layer is
formed on a non-planar surface of the substrate, an oxide-polishing slurry
is supplied to a surface of a polishing pad, and the substrate is brought
into contact with the polishing pad. The substrate is briefly chemical
mechanically polished with the oxidepolishing slurry to remove a native
oxide layer from a surface of the silicon layer. After the substrate
contacts the polishing pad, a silicon-polishing slurry is supplied to the
polishing pad, and the substrate is chemical mechanically polished with the
silicon-polishing slurry until the silicon layer is substantially
planarized. Advantages of the invention may include the following. The
center slow effect is reduced, improving the flatness and finish of the
substrate, reducing dishing and erosion, and increasing the process yield.
Other features and advantages will be apparent from the following
description, including the drawings and claims. Brief Description of the
Drawings  . FIG. 1. is a schematic exploded perspective view of a chemical
mechanical polishing appparat - FIGS: 2A-2I are schematic cross-sectional
views of a substrate illustrating techniques of the present 



invention. Detailed Description Referring to FIG.,l, one or more substrates
10. will be polished by a chemical mechanical polishing (CMP) apparatus 20.
A description of a similar polishing    2 0 FEB 2003 5 apparatus may be
found in U.S. Patent No. 5,738,574, the entire disclosure of which is
incorporated herein by reference. Polishing apparatus 20 includes a lower
machine base 22 with a table top 23 mounted thereon and a removable outer
cover (not shown). Table top 23 supports a series of polishing stations,
including a first polishing station 25a, a second polishing station 25b, a
final polishing station 25c, and a transfer station 27. Transfer station 27
forms a generally square arrangement with polishing stations 25a, 25b and
25c. Transfer station 27 serves multiple functions, including receiving
individual substrates 10-from a loading apparatus (not shown), washing the
substrates, loading the substrates into the carrier heads, receiving the
substrates from the carrier heads,. washing the substrates again, and
finally, transferring the substrates back to the loading apparatus. Each
polishing station includes a rotatable platen 30 on which is placed a
polishing pad. If substrate 101s an "eight-inch" (200 millimeter) or
"twelve-inch" (300 millimeter) diameter disk) then the platen and polishing
pad will be about twenty inches or thirty inches in. diameters
respectively. Each platen 30 may be a rotatable aluminum or stainless steel
plate connected to a platen drive motor (not shown). For most polishing
processes the platen drive motor rotates platen 30 at thirty to two hundred
revolutions pet minute, although lower or higher rotational speeds may be
used. At first and second polishing stations 25a and 25b, platen 30 may
support a.two-layer polishing pack l00 having an inner layer 1D4 and an
outer layer 106 with a rough surface 102 (see FIG. 2B). The inner layer of
the pad may be attached to platen 30 by a pressure-sensitive   2 0 FB 2003
- 6  adhesive layer. The outer layer may be harder than the inner layer.
For example) the outer layer may be composed of microporous polyurethane or
polyurethane mixed with a filler, whereas the inner layer may be composed
of compressed felt fibers leached with urethane. A two-layer polishing pad,
with the outer layer composed of IC-1000 or 1C-1400 and the inner layer
composed of SUBA-9, is available from Rodel, Inc. of Newark, Delaware
(IC-1000) IC-1400 and SUBA-4 axe product names of Rodel, Inc. ) . At final
polishing station 25c, platen 30 may support a polishing pad 110 having a
generally smooth surface 112 and a single soft layer 114 (see FIG. 2F).
This single layer pad may be attached to platen 30 by a pressure-sensitive
adhesive layer. The soft pad may be composed of a napped poromeric
synthetic material. A suitable soft polishing pad is available from Rodel,
Inc., under the trade name Politex. The polishing pads may be embossed or
stamped with,a pattern to improve distribution of slurry. across the face
of the substrate. Each polishing station 25a, 25b and 25c also includes a
combined slurry/rinse arm 52a, 52b and 52c. respectively that projects over
the associated polishing pad surface Each slurry/rinse arm 52a-52c may
include two or more supply tubes 54a and 54b connected to ~N a slurry;
delivery system to provide two or more scurries to the surface of  the
polishing pad. Typically, sufficient slurry is provided to cover and wet
the entire polishing pad. Each slurry/rinse-arm 52a-52c also includes
several, spiny nozzles (not. shown) which provide a high-pressure rinse of
the polishing pad at the and of each polishing and conditioning cycle. 



2 0 FE8 2003 . 7 _ Two or more intermediate washing stations 56a and 56b
may be positioned between neighboring polishing stations 25a, 25b and 25c.
The washing stations rinse the substrates as they pass from one polishing
station to another. Each polishing station 25a-25c may further include an
associated pad conditioner apparatus 40. Each pad conditioner apparatus 90
ties a rotatable arm 42 holding an independently-rotating conditioner head
44 and an associated washing basin 46. The pad conditioner apparatus
maintains the condition of the polishing pad so that it will effectively
polish substrates. A rotatable mufti-head carousel 60 is positioned above
lower machine base 22. Carousel 60 is supported by a center post 62 and is
rotated' thereon about a carousel axis 64 by a carousel motor assembly
located within machine base 22. Center post 62 supports a carousel support
plate 66 and a cover 68. Carousel 60 includes four carrier head systems
70a, 70b, 70c, and 70d. Three of the carrier head systems receive and hold
substrates, and polish them by pressing them against the polishing pads' on
the platens of polishing stations 25a-25c. one of the carrier head systems
receives a substrate from and delivers a substrate to transfer station 27.
The four carrier head systems 70a-70d are mounted on carousel support plate
66 at equal angular. intervals about carousel axis 64. Center post 62
allows the carousel motor to rotate carousel support plate 66 and to orbit
carrier head systems 70a-70d'and the substrates attached thereto about
carousel axis 69. Each carrier head system 70a-70d includes a carrier or
carrier head 80. A carrier drive shaft 74 ,connects a carrier head rotation
motor 76 (shown by the   2 0 FEB 2003 - 8  removal of one quarter of cover
68) to carrier head 80 so that each carrier head 80 can independently
rotate about its own axis. There is one carrier drive shaft and motor for
each head. In addition, each carrier head 80 independently laterally
oscillates in a radial slot 72 formed in carousel support plate 66. A
slider (not shown) supports each drive shaft in its associated radial slot.
A radial drive motor (net shown) may move' the slider to laterally
oscillate the carrier head. The carrier head BO performs several mechanical
functions. Generally, the carrier head holds the substrate against the
polishing pad, evenly distributes a downward pressure across the back
surface of the substrate, transfers torque from the drive shaft to the
substrate, and ensures that the substrate does not slip out from beneath
the carrier head during polishing operations. The carrier head 80 may
include a flexible membrane (not shown which provides a substrate receiving
surface. A description of a suitable carrier head 8U may be found in U.S.
Patent Application Serial No. 08745) 679, entitled a CARRIER HEAD WITH a.
FLEXIBLE MEMBRANE FOR a CHEMICAL. MECHANICAL POLISHING SYSTEM, filed
November B, 1996, by Steven. M. Zuniga et al., assigned to the assignee of
the present invention, the entire disclosure of which is incorporated
herein by reference. FIGS. 2A-2G illustrate a process of
chemicalmechanically polishing a silicon layer. As shown in FIG. 2A,
substrate 10 includes. an insulative: layer 14, such as silicon dioxide,
disposed on a.semiconductive layer, such as a silicon wafer 12. The
insulative layer 19 is either patterned or disposed on a- patterned
underlying layer so   ~2 0 FEB 2000 



. g that it provides a non-planar outer surface. A polysilicon layer 16 is
disposed over insulative layer 14. As shown, the outer surface of
polysilicon layer 16 almost exactly replicates the underlying structures of
layer 14, creating a series of peaks and valleys so that the exposed
surface of the substrate is non-planar. In other embodiments, other sorts
of silicon layers, such as amorphous silicon (a-81) and single crystal
silicon, may be used instead of a polysilicon layer. As discussed above,
one purpose of planarization is to polish polysilicon layer 16 until the
top surface of insulative layer I4 is exposed, thus leaving polysilicon
vial between the insulative islands, and polysilicon plugs in any holes in
the insulative layer (see FIG. 2G). Unfortunately, as previously noted) one
problem with polishing polysilicon is the center slow effect. Without being
limited to any particular theory, one possible cause of the center slow
effect is the formation of a layer of native oxide I8 on the outer surface
o polysilicon layer 16 when .the substrate is exposed to the atmosphere..
Although this native oxide layer may be extremely thin, e.g., on the order
of a few atomic.layers, polysilicon-polishing slurries are highly
selective- (i.e., the polishing rate depends strongly on theca composition
of the surface being polished) to avoid polishing of underlying insulative
layer I4. Consequently, native oxide layer 1S interferes with the polishing
of the polysilicon layer If. Specifically,- the polishing parameterg
selected for uniform-polishing of polysilicon may result in non-uniforar
polishing of the native oxide layer. The non-uniform polishing of native
oxide layer Z8 leads to non-uniform polishing of polysilicon layer 16. In
fact, despite the high   2 0 FEB 2003 - 10  selectivity of the
polysilicon-polishing slurry, the non uniformity may be sufficiently severe
that dishing and erosion results. Referring to FIG. 2B, substrate 10 is
polished at polishing station 25a using a standard hard polishing pad l00.
Initially, oxide-polishing slurry 50a is distributed to the polishing pad
surface via slurry supply tube 59a. The oxide-polishing slurry may be
supplied to the polishing pad surface before, as, and/or after the
substrate "touches down" on the pad. The oxide-polishing slurry may include
deionized water, fumed silica abrasive particles, and a chemically reactive
agent, such as potassium hydroxide (KOH), which may also adjust the pH of
the slurry. Alternately, KOH " may be replaced with an amine-based
chemically reactive agent if mobile ions from the KOH contaminate the
polysilicon layer. A suitable oxide-polishing slurry is available from
Cabot Corp., of Aurora, Illinois) under the trade name SS-I2. However, as
represented by FIG. 2C, almost immediately after the substrate has been
brought into contact With the polishing pad, e.g., after less than about.
tea seconds of polishing, the CMP apparatus starts distributing
polysilicon-polishing slurry 50b to the polishing pad; surface via slurry
supply tube 59b. In one implementation the polysilican-polishing slurry
could be distributed after about just three to five seconds of polishing.
The oxide polishing may occur only during the "ramp-up' period at the start
of the polishing operation during Which the platen is brought up to the
desired~ rotational speed and the carrier head is pressurized to provide
the desired load. Since the native oxide layer   2 0 FEB 2003 - 11  is very
thin, oxide polishing can occur at lower rotational speeds and pressures
than polysilicon polishing. The beginning of the polysilicon-polishing
slurry distribution should generally coincide with the ending of the
distribution of the oxide-polishing slurry. Specifically, distribution of
the polysilicon-polishing slurry may start exactly as distribution of the
oxidepolishing slurry stops. Alternately, distribution of the
polysilicon-polishing slurry may begin just after distribution of the
oxide-polishing slurry ends, so that no slurry is distributed to the
polishing pad for a brief 



period, e.g., less than about one second. Alternately, distribution of the
polysilicon-polishing slurry may ', begin just before distribution of the
oxide-polishing slurry ends, so that the two slurries are provided to the
polishing pad simultaneously for a brief period, e.g., less than about two
or three seconds. The polysilicon-polishing slurry may include deionized
water, formed silica abrasive particles, and an amine-based chemical-ly
reactive agent which may also adjust the pH of the slurry. Suitable
polysiliconpolishing slurries include EPP-1000) EPP-1060) and EPP1000LRP
available from Cabot Corp.; Planarlite-6101) Planarlita-6Z02 and
Planarlite-6203, availabie.from Fujimi, of Wilsonville, Oregon: and
SDE-3000 available from Rodel, Inc. Both the oxide-polishing slurry and the
polysilicon-polishing slurry may include other additives to provide
selective polishing of their respective materials. Polysilicon-polishing
slurries normally have a selectivity of at least l:100, the polishing rate
of polysilicon is one-hundred times the polishing rate of a reference
material (typically a thermally deposited   2 0 FE8 2003 - 12  oxides-. The
polysilicon-polishing slurries mentioned above from Cabot, Fujimi and Rodel
have selectivities of about 1:100 to 1:1.000) depending on the composition
of the insulative layer. Preferably, polysilicon-polishing slurry 50b has a
selectivity of at least 1:50 to substantially prevent polishing of the
underlying insulative layer. As Shawn by FIGS. 2H and 2C, the brief
polishing at polishing station 25a with oxide-polishing slurry 50a is
sufficient to remove native oxide layer I8 from the substrate surface.
Referring to FIG. 2C and 2D, once the native oxide layer has been removed;
the substrate is polished with polysilicon-polishing slurry 50b. This
polishing continues until polysilicon layer 16 is partially or
substantially planarized, i.e., the large scale topography such as the
peaks and valleys have been substantialLy removed. Referring to FIGS. 20
and 2E, when about half of the polysilicon layer has been removed, the
substrate may be transported to polishing station 25b, and the
planarization.process may be completed using a second standard hard
polishing pad 100 and a second polysiliconpolishing- slurry 50c. The
polysilicont. layer is polished . at polishing station 25b until the
underlying patterned insulative layer 14 is exposed. The
polysilicon-polishing slurry used at polishing station 25b may by
substantially the same as thepvlysilicon-polishing slurry used. at
polishing station 25a. To prevent contamination of the second
polysilicon-polishing slurry, the substrate may be washed at washing
station 56a to remove any oxide polishing-slurry before it is transported
to polishing station 25b. In any   2 0 FEB 2003 - I3  event, since
polysilicon-polishing slurry is used exclusively at polishing station 25b,
insulative layer 19. should not be polished after it is exposed. Referring
to FIG. 2F, the substrate is transported to polishing station 25c where it
is buffed using a standard soft polishing pad 114 and a buffing solution
50d, e.g., deionized water. Buffing solution 50d is supplied to the
polishing pad at polishing station 25c by slurry/rinse arm 52c. ,Referring
to FIG. 2G, the resulting substrate 10 has a flat and finished outer
surface 19 in which the underlying patterned insulative . layer has been
completely exposed. Alternately, referring to FIG. 2H, a thin residual.
layer 17 having a thickness T may remain over the insulative layer after
polishinq at polishinq station 25b. In this cane, as can bee seen from FIG.
2I, the final buffing process at polishing station 25c also removes the
residual layer. In addition, buffing solution 50d may include abrasive
particles. 



The use of the oxide-Rolishing slurry to remove - the native oxide layer at
the beginning of the polishing process) followed quickly by the use of the
highly selective polysilicon-polishing slurry to polish the polysilicon:
layer) substantially reduces polishing non uniformity dishing and erosion.
In addition, it maintains a high polishing rate and avoids polishing of the
underlying patterned insulative layer. Although the planarization of a
polysilicon layer has been described. the invention may also be applicable
to planarization of other layers, particularly silicon layers, on which a
native oxide layer may be formed, such as amorphous silicon (a-Si) and
single crystal silicon. The polysilicon-polishing slurry would be replaced
by an   2 0 FEB 2003 - 19  amorphous silicon-polishing slurry or a single
crystal silicon-polishing slurry. The invention 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:   2 0 FEB 2~3 - 15  1.
A method of polishing a silicon layer on a substrate, comprising: (a)
chemical mechanically polishing the silicon layer with an oxide-polishing
slurry to remove any native oxides: and (b) chemical mechanically polishing
the silicon layer with a silicon-polishing slurry. 2. The method of claim
1, wherein the silicon layer is polished until an underlying layer is
exposed. 3. The method of claim l, wherein the silicon layer is polished
until it is planarized. 9. The method of claim 1, wherein step (a) and at
leant a portion of step (b) axe performed at the same polishing station. 



5. The method of claim 4, wherein step (b) comprises distributiney the
oxide-polishing slurry onto a polishing pad at the polishing station before
the substrate is brought into contact with the polishing pad. 6. -- Thd
method of claim 9, wherein step Ib) comprises diatribnting the
oxide-polishing slurry onto a polishing pad at the polishing station as the
substrate is brought into contact with the polishing pad. 7. The method of
claim 9, wherein step (b) comprises distributing the oxide-polish~.ng
slurry onto a polishing pad at the polishing station after the substrate is
brought into contact with the polishing pad.   2 0 FEB 2003 - 16  8. The
method of claim 1. wherein distribution of the oxide-polishing slurry is
stoppd before distribution of the silicon-polishing slurry starts. 9. The
method of claim 1, wherein distribution of the oxide-polishing slurry is
stopped as distribution of the silicon-polishing slurry starts. 1~. The
method of claim 1, wherein distribution of the oxide-polishing slurry is
stopped after distribution of the silicon-polishing slurry starts. 11. The
method of claim 1, wherein-step (b) is performed at a plurality of,
polishing stations. 12. The method of claim 1) further comprising buffing
the substrate with a buffing solution after step (b). 13. The method of
-claim 1,, wherein the silicon layer is polycrystalline silicon. 14- The
method of claim 13, wherein the siliconpoli~ahing. slurry is a
polycrystalline silicon-polishing sl.urx~~ 15. The method of claim 1,
wherein the silicon layer is amorphous silicon. 16. The method o claica 15,
wherein the siliconpolishing slurry is an amorphous silicon-polishing
slurry.   ~ 0 FEB 2003 - 1~ - , 17. The method of claim 1, wherein the
silicon layer is single crystalline silicon. 



18. The method of claim 17, wherein the siliconpolishing slurry is a single
crystalline siliconpolishing slurry. 19. The method of claim 1, wherein the
siliconpolishing slurry has a selectivity of at least 1:54. 24. The method
of claim 1, wherein step (a) lasts for less than about ten seconds. 21. The
method of claim 24. wherein step (a) lasts for about three to five seconds.
22. A method of planarizing a substrate, comprising: (a) forming a silicon
layer on a ton-planar surface of the substrate: (b) supplying an
oxide-polishing slurry to a surface of a polf.shing pads EcX- .b.tinging
the substrate into contact with the polf shfng pacer ;, ~ Edgy h~riefly
chemical. mechanical polishing the substrate r~itt~ the oxide-polishing
slurzy to remove a native oxide layer from a surface of the silicon layer:
Ee) after the substrata. contacts the polishing pad, supplying a
silicon-polishing slurry to the ' polishing pads and (f) chemical
mechanical polishing the substrate with the silicon-polishing slurry until
the silicon layer is substantially planarized.   2 0 FE8 20p3 le 23. The
method of claim 22, wherein the silicon layer is polycrystalline silicon
and the silicon polishing slurry is a polycrystalline silicon polishing
slurry. 24. The method of claim 22, wherein the silicon layer is amorphous
silicon and the silicon polishing slurry is an amorphous silicon polishing
slurry. . 25. The method of claim 22, wherein the silicon layer is single
crystalline silicon and the silicon polishing slurry is a single
crystalline silicon polishing slurry. ., 2'6. The method of claim 22,
further comprising polishing the silicon layer at a second polishing pad
with a second silicon-polishing slurry until the non planar surface is
exposed, 27. The method of claim 22, further comprising stopping the supply
of oxide-polishing- slurry to the polishing pad surface
before~the~silicon-polishing slurry is supplied to the polishing pad. 



28. ~ ~ Tl~e~ method of claim 22, wherein the silicanpoli'e~hfnc~ slurry is
supplied to the polishing pad after the substrate has been in- contact
wftY~ the pol3shing~ pad for less than abort tart seconde. 29. The method
of claim 22, wherein the substrate is chemical mechanically polished with
the~oxide-polishing slurry fox less than about ten seconds.   2 0 FEB 2003
- 1~3  30. The method of claim 2g, wherein the substrata is chemical
mechanically polished with the oxide-polishing slurry for about three to
five seconds. ' 31. A method of polishing a silicon layer on a substrate,
comprising: (a) chemical mechanical polishing the silicon layer with an
oxide-polishing slurry to remove a native oxide layer: (b) chemical
mechanical polishing the silicon layer with a silicon-polishing slurry
until the silicon layer is substantially planarizad: and (c) stopping step
(b) before the silicon layer is substantially planarized. 32. A method of
polishing a silicon layer on a substrate, comprising: (a) chemical
mechanical polishing the silicon layer with an oxide-polishing slurry to
remove a native oxide layer; (b) chemical mechanical polishing the silicon
layer with a silicon-polishing slurry until an underlying non-planar
surface is exposed: and 'tc~: stopping step (b) before the underlying
nonplan~ surface is exposed.
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