METHOD AND APPARATUS FOR PROCESSI NG A SEM CONDUCTOR WAFER USI NG NOVEL

FI NAL POLI SHI NG METHOD Background of the Invention The present invention
rel ates generally to methods of processing seni conductor wafers, and nore
particularly to a nethod of processing a sem conductor wafer including
final polishing a front surface of the sem conductor wafer. Sem conductor
wafers are generally prepared froma single crystal ingot, such as a
silicon ingot, that is trinmed and is usuall round to have a notch or
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sliced into indivi dHAFERaPELNGWNPYRLaFENAECROELEHENEeYMETHOR nunber of
processi ng operations to renove danage caused by the slicing operation and
to ensure that the wafer surfaces are flat. During processing, the
surfaces of each wafer are wusually polished to renove damage to the front
and back g a1 pduced Ry, orior operations. Sinultaneous double surface
polishin in the industry because such
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surface  processinaoperatlons, ogneral Ly, degrade, the, vat gl flal ness,
sliced into individual wafers which are each subjected to a
number of processing operations to remove damage caused by
the slicing operation and to ensure that the wafer surfaces
are flat.

During processing, the surfaces of each wafer are
usually polished to remove damage to the front and back
surfaces induced by prior operations. Simultaneous double
surface polishing (DSP) has become preferred in the industry
because such polishing yields a wafer with flatter, more
parallel surfaces. Unfortunately, conventional DSP
technology cannot produce a wafer having a front surface
prepared for integrated circuit fabrication. For example,
conventional DSP technology produces wafers having front
surfaces which are not sufficiently smooth and have
significantly more haze than is acceptable for integrated
circuit fabrication. Therefore, the front surface of the
wafer is final polished in a single surface polishing
operation to improve the smoothness and to reduce the
scratches and haze in the front surface caused by the DSP
operation such that the front surface is prepared for

integrated circuit fabrication. However, single surface

processing operations generally degrade the wafer flatness,



2 including site flatness, and degrade parallelism (flatness and

paral lelism may generally be described as topol ogy) which has been

previ ously achi eved by the sinultaneous double surface polishing
operation. Topol ogi cal degradation 5 may be caused by a non-uniform backi ng
filmsuch as wax used to nmount the wafer which results in non-uniform
material renoval. The backing filmserves as the reference pl ane for
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polished flat as shown in Fig. 6C. Upon removing the wafer
from the wax (Fig. 6D), the wafer returns to a "free state"
15 in which the imperfections in the wax layer are seen in the
front surface (the upper surface in Fig. 6D).
Similarly, in another type of final polishing process
(sometimes referred to as CMP or free-mount CMP) wherein the
wafer is mounted in a retaining ring and is substantially
20 fixed against a backing membrane, pad or template by
friction and surface tension, topological degradation may be
caused by irregularities and deviations in the backing
membrane, pad or template. ©Note that in such a CMP
operation, movement of the wafer W relative to the backing
25 pad or template is not desirable because such movement may
cause undesirable damage to the back surface and may cause
the release of scratch-causing or damaging particles which
can migrate to the interface between the wafer and a

polishing pad.

30 Summary of the Invention
Among the several objects of the present invention may

be noted the provision of a method of processing a
semiconductor wafer which produces a relatively flat wafer;

the provision of such a method which produces a wafer having



sem conduct or wafer which produces a relatively flat wafer; the provision
of such a nethod which produces a wafer having 3 parallel surfaces; the
provi sion of such a nethod which inproves the yield of polished wafers;
and the provision of such a nethod which produces a finished front surface
prepared for integrated circuit fabrication. 5 Further anong the several
objects of the invention is the provision of a nethod of handling wafers
after batch praocessing which inhibits, damage to the wafer and which
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Briefly, a method of the invention is directed to
15 manufacturing a semiconductor wafer having a front surface
and a back surface. The method comprises the operations of
providing an ingot of semiconductor material, slicing the
wafer from the ingot, and processing the wafer to increase
parallelism of the front surface and the back surface. A
20 further operation of final polishing the front surface is
performed by positioning the wafer between a first pad and a
second pad and obtaining motion of the front and back
surfaces of the wafer relative to the first and second pads
to maintain parallelism of the front and back surfaces and
25 to produce a finish on at least the front surface of the
wafer so that the front surface is prepared for integrated
circuit fabrication.
Another method includes final polishing the front
surface by providing a polishing apparatus having a wafer
30 carrier generally disposed between a first pad and a second
pad. The second pad has surface area for contacting the
back surface of the wafer which is at least about 10 percent
larger than the back surface of the wafer. The wafer is
placed in the wafer carrier so that the front surface faces

35 the first pad and so that the back surface faces the second



pad. The second pad has surface area for contacting the back surface of
the wafer which is at | east about 10 percent |arger than the back surface
of the wafer. The wafer is placed in the wafer carrier so that the front
surface faces 35 the first pad and so that the back surface faces the
second 4 pad. The wafer is free to nove relative to the first and second
pads. A solution including polishing sI%rry i's applied bet ween the pads
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pressure is aphtiyst another method, a polishing slurry is applied to
the pad and at least one of the wafer and pad is rotated to
15 polish at least one of the surfaces of the wafer. The wafer
is rinsed by applying a rinsing fluid to the pad after
polishing to increase hydrodynamic lubrication between the
wafer and pad and to maintain a solution including the
slurry and the rinsing fluid at a buffered pH of between
20 about 7.8 and about 11.8 such that the solution in contact
with the wafer is alkaline and such that silica
agglomeration is inhibited.
In another method, the wafer is placed in position for
polishing by a pad and the pad is conditioned by applying a
25 solution including polishing slurry containing silica
particles and an alkaline component to the pad. At least
one of the wafer and pad is rotated and pressure is applied
to the wafer to polish at least one of the surfaces of the
wafer.
30 In a method of handling semiconductor wafers after
batch processing the wafers in a batch processing machine,
the method comprises removing each wafer from the batch

processing machine and spraying a first solution onto a



to the wafer to polish at | east one of the surfaces of the wafer. 30 In a
nmet hod of handling sem conductor wafers after batch processing the wafers
in a batch processing machi ne, the nethod conprises renoving each wafer
fromthe batch processing machine and spraying a first solution onto a 5
front surface of each wafer which adsorbs to the front surface and
inhibits particle adhesion to the front® surface. An apparatus of the

i nvention_for_ polishing _sem conductor wafers conprises upper and | ower
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The apparatus further conprises neans for applying a solution to the pads
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polishing, and the drive components exposed to contact by
the solution have no composite reinforcing particles therein
so that particle contamination of the solution and the
wafers is inhibited.

15 Other objects and features of the present invention
will be in part apparent and in part pointed out

hereinafter.

Brief Description of the Drawings
Fig. 1 is a schematic perspective view of a double

20 surface polishing apparatus used in a method of this
invention;
Fig. 2 is a top view of a wafer carrier with the wafers
omitted;
Figs. 3A-D are plots of a wafer path as the wafer
25 orbits the center of the polishing apparatus, Figs. 3A and
3B showing undesirable paths and Figs. 3C and 3D showing
desiraﬁle paths for 16 carrier rotations about the carrier
center;
Fig. 4 is a table showing suitable rotation speed
30 settings for the polishing apparatus;
Figs. 5A and 5B are tables of parameters used in an
example final polishing process of this invention; and
Figs. 6A-D summarizing a wax mounted polishing

operation of the prior art.



desirable paths for 16 carrier rotations about the carrier center; Fig. 4
is a table showing suitable rotation speed 30 settings for the polishing
apparatus; Figs. 5A and 5B are tables of paraneters used in an exanple
final polishing process of this invention; and Figs. 6A-D summarizing a
wax nounted polishing operation of the prior art. 6 Corresponding
reference characters indicate correspoﬁhing parts throughout the several
views of the rawi ngs. . Detail ed Description of the Preferred Enbodi nent 5
Ref erring now ST HHPHIHHA G FRETGE IR (OIS 1 and 2, a
portion dorrelpdNE sirda0es pHiGdgLt aparsdusrasuelewds &f Mogel AC1400
made by Peter, Wolters Gibh, Rendsburg, Germany, is shown schematically and
gener al | Y¥381é19%d to as 10. Preferably, the double surface 10 polisher is
adapted to sinultaneously final polish front surfaces of nultiple

sem conductor, wafers Wsliced fromone or nore nonocrystalline ingots
(e.g., aZ st iRRARnLDGIon (oI | Ehe, By b By 0% s adapted to
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or more monocrystalline ingots (e.g., a silicon ingot). As
will be seen, the polisher is adapted to simultaneously
polish both surfaces of each wafer W, but it 1s contemplated

15 that only the front surface of the wafer be polished in the
method of this invention. An important aspect of the
invention is that a back surface (the surface facing upward
in Fig. 1) of the wafer W be freely movable (i.e., in
rotation and translation) relative to an upper pad of the

20 apparatus so that deviations and imperfections in the back
pad do not substantially affect the front surface and do not
degrade the parallelism of the surfaces. It is of less
importance that the back surface be polished during the
final polishing operation. Other types of polishing

25 apparatus are contemplated, including apparatus which are
not adapted to batch process multiple wafers. Note that in
contrast to the present invention, in a conventional free-
mount CMP operation, movement of the wafer W relative to the
backing pad or template typically causes undesirable

30 particles and damage. Yet fixing the wafer causes
undesirable deformation as shown in Figs. 6A-D, and thus,
such an operation is distinguishable in at least this
respect from the final polishing operation of this

invention.



25 apparatus are contenpl ated, including apparatus which are not adapted
to batch process nultiple wafers. Note that in contrast to the present
invention, in a conventional free- nmount CWVMP operation, novenent of the
wafer Wrelative to the backing pad or tenplate typically causes

undesi rabl e 30 particles and danage. Yet fixing the wafer causes
undesirabl e deformation as shown in Figs. 6A-D, and thus, such an
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the pads, (§%nerally referred to herein as "solution") are applied to
the pads by suitable means. In the illustrated embodiment,

15 solution ig applied to the pads by tubes 19 (only one is
shown for clarity) which may suitably extend through a shaft
20 of the upper platen 12 to deliver the solution to the
upper pad 16. The upper pad typically includes holes to
allow the solution to flow through the upper pad and

20 downward to the wafer W and to the lower pad 18. Other ways
of applying solution to the pads may be used, including
spraying the solution into the space between the pads, or
introducing solution through the lower platen directly to
the lower pad 18.

25 The upper platen 12 and lower platen 14 of the double
surface polishing apparatus are adapted to rxotate at a
selected rotation speed by suitable drive mechanisms (not
shown), as is known in the art and from, for example, U.S.
Pat. Nos. 5,205,077 and 5,697,832, which are incorporated

30 herein by reference. A plurality of circular wafer carriers
22 (five are shown in this embodiment) rest on the lower
polishing pad 18. Each wafer carrier 22 has at least one
circular opening 23 (three openings in this embodiment)
adapted to receive a wafer W for polishing at least the

35 front surface of the wafer. An insert 24 (see Fig. 2) is



i ntroduci ng solution through the Iower platen directly to the |ower pad
18. 25 The upper platen 12 and | ower platen 14 of the double surface

pol i shing apparatus are adapted to rotate at a selected rotation speed by
suitabl e drive nmechanisns (not shown), as is known in the art and from
for exanple, U S Pat. Nos. 5,205,077 and 5, 697,832, which are

i ncorporated 30 herein by reference. ASlurality of circular wafer carriers

22 (five are shown in this enbodinent) rest on the |ower polishing pad 18.
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wafer W The aforementioned materials (PVDF nylon,
polyacetal) reduce harmful scratch-causing particles which

15 are typically generated during DSP. Such scratch-causing
particles circulate in the solution contacting the wafer W
and may scratch the surface of the wafer, as when the
solution is forced against the wafer by one of the pads.
Generally, reducing scratch-causing particles in the fluids

20 surrounding the wafer W reduces the scratches and haze in
the wafer surfaces caused by DSP. In this embodiment, the
periphery of each wafer carrier 22 has gearing 26 engaged by
a “sun” or inner gear 28 and an outer ring gear 29 of the
apparatus 10. The inner and outer gears are driven by

25 suitable drive mechanisms (not shown) to rotate the carrier
22 at a selected speed. The gears and drive mechanisms are
generally described as wafer carrier drive components, and
it is contemplated that the drive components may be other
than gears, e.g., wheels which frictionally engage edges of

30 the wafers to rotate the wafers. The inﬁer and outer gears
of this embodiment are constituted by a plurality of steel
ping, each of which is covered by a non-metallic sleeve 32
to prevent the metal wafer carrier 22 from contacting the
steel. The sleeves 32 are typically exposed to the solution

35 during polishing. Each sleeve 32 is preferably made of a



20 surrounding the wafer Wreduces the scratches and haze in the wafer
surfaces caused by DSP. In this enbodi nent, the periphery of each wafer
carrier 22 has gearing 26 engaged by a "sun" or inner gear 28 and an outer
ring gear 29 of the apparatus 10. The inner and outer gears are driven by
25 suitable drive nechanisnms (not shown) to rotate the carrier 22 at a
sel ected speed. The gears and drive nechanisns are generally described as

waf er carrier drive components, and ., it ijs contenplated th t.he drive
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got. Pre=tinal polishing  processing operations are suitably pertforned on
t he waf erBran the wafers.

In a method of this invention, each wafer W is sliced

15 from the monocrystalline ingot. Pre-final polishing
processing operations are suitably performed on the wafers W
to remove bulk damage (i.e., crystal dislocations and
stacking faults caused by the wafer slicing operation) in
the wafer surfaces, to make the surfaces flat and to

20 increase parallelism of the surfaces so that the front and
back surfaces are substantially parallel. A suitable
measurement of parallelism is Site Backside Referenced
Indicated Reading (SBIR). Suitable wafers have average SBIR
of about 0.075 microns on 26 mm x 8 mm sites, and preferably

25 about 99% of all such sites on the wafers have an SBIR of
less than about 0.23 microns (referred to as the 99th
percentile). Preferably, the pre-final polishing operations
also improve the surface quality of the wafers W so that at
least the front surface has q‘substantially mirror finish.

30 Such processing operations may include, but are not limited
to, lapping, etching, polishing plasma-assisted chemical .
etching (PACE) and magneto-rheological polishing.

Preferably, one of the pre-final polishing operations is a
simultaneous rough double surface polishing (DSP) operation.

35 Note that this rough DSP operation is preferred, but other



to renove bul k danmage (i.e., crystal dislocations and stacking faults
caused by the wafer slicing operation) in the wafer surfaces, to nmake the
surfaces flat and to 20 increase parallelismof the surfaces so that the
front and back surfaces are substantially parallel. A suitable

measurenent of parallelismis Site Backside Referenced |Indicated Reading
(SBIR). Suitable wafers have average SBPR of about 0.075 microns on 26 mm

X 8 mmsites, and £referabj 25 abqut 99% of all suc%@te& on the wafers
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and final polishing. Material removal operations between

15 rough and final polishing are generally undesirable because
such operations may degrade wafer qualities imparted during
rough polishing, especially the parallelism established by
rough polishing. However, it is contemplated that further
processing occur between rough and final polishing. For

20 example, the wafers W may be treated to remove undesirable
metals such as copper. Note that the method preferably does
not include a single surface polishing operation wherein the
back surface is substantially fixed against a backing
surface, e.g., a wax-mount single surface polishing or a

25 . conventional CMP operation wherein the wafer is mounted in a
retaining ring and is substantially fixed against a backing
pad, membrane or template by friction and surface tension.

The final polishing operation is suitably begun by
transferring the wafers W to the polishing apparatus 10.

30 Generally, the wafers W are final polished generally by
positioning each wafer in one of the wafer carriers 22
between the upper and lower pads 16, 18 of the polishing
apparatus. Preferably, the back surface of the wafer W

faces the upper pad 16 and the front surface faces the lower



and final polishing. Material renoval operations between 15 rough and final
polishing are generally undesirable because such operations may degrade
wafer qualities inparted during rough polishing, especially the

paral l elismestablished by rough polishing. However, it is contenplated
that further processing occur between rough and final polishing. For 20
exanple, the wafers Wnay be treated to femove undesirable netals such as

copper. t the nethod preferably does not include a single surface
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parallelism and flatness and produces a finish on at least
the front surface of the wafer so that the front surface is

15 prepared for integrated circuit fabrication. Final
polishing, as used herein, produces a mirror-finish surface,
preferably on both surfaces, and at least the front surface
is substantially free of damagée caused by polishing and from
prior processing such as rough polishing, lapping and

20 etching. Further, the final polishing operation of this
invention preferably produces a semiconductor wafer W having
smooth, parallel and flat surfaces. 1In a batch of wafers,
preferably most of the front surfaces have an average haze
less than about 0.5 ppm, more preferably less than about

25 0.35 ppm, even more preferably less than about 0.18 ppm;
preferably about 99% of the wafers have less than about 0.5,
more preferably less than about 0.35 ppm, even more
preferably less than about 0.18 ppm, with a standard
deviation for the batch of preferably less than about 0.05

30 ppm, as measured by an ADE CR80 machine. Preferably,
parallelism is not substantially changed, i.e., the average
SBIR of the wafers does not substantially change, and
preferably increases by no more than about 0.5 microns, more

preferably no more than about 0.10 microns, more preferably



the final polishing operation of this invention maintains parallelismand
flatness and produces a finish on at least the front surface of the wafer
so that the front surface is 15 prepared for integrated circuit

fabrication. Final polishing, as used herein, produces a mrror-finish
surface, preferably on both surfaces, and at least the front surface is
substantlally free of danage caused by 180l i shing and from prior processing

such as rou pO|IShI ping and 20 etchin Further, the fina
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26 mm by 8 mm sites on the front surface by no more than

15 about 0.04 microns, more preferably no more than about 0.02
microns. Such a wafer is smooth, planar and flat enough for
integrated circuit fabrication after cleaning, e.g., an end
user may form an integrated circuit on the wafer without
further processing.

20 Suitable pads are mounted on the apparatus 10 for final
polishing at least the front surfaces of the wafers W. In
this embodiment, the upper pad 16 is a grooved rough
polishing pad (typically referred to as an embossed pad) and
the lower pad 18 is a finish-type pad, i.e., it has been

25 formulated by the manufacturer to polish without
substantally damaging the wafer surface. Typically,
finish-type pads are softer and have significantly different
roughness and porosity than that of rough polishing pads,
such as the upper pad 16 and the pads used in the rough

30 polishing operation. As an example, the upper pad is a
Model 534E-II manufactured by Rodel of Phoenix, Arizona, the
lower pad is a polyurethane pad such as Model SPM3100 pad
manufactured by Rodel. The upper pad 16 may also be a
grooved finish-type pad. It is preferable that the pads not

35 include any scratch-causing fibers, such as composite



10 sites, as neasured by an ADE 9600 machine. Note that the preferred
focal plane deviation is substantially achieved by prior processing
operations, and the final polishing operation preferably degrades focal
pl ane deviation in nost 26 mmby 8 nmsites on the front surface by no
nore than 15 about 0.04 microns, nore preferably no nore than about 0.02
m crons. Such a wafer is snooth, planat3and flat enough for integrated
circuit fabrication after cleanin e.g., an end wuser may form an
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si zed forswrﬂs&fegeidJatdm swm)stueﬁ{ummmaﬂ‘@édts tSue N st rides ASH 46 I n this
because THU PR G T B0l i o imA FARRETY Bitheen the
pads. It swrm&%tﬁéaﬁaeﬁlﬂatmieca @H&ia&uﬁ/ﬂﬂy parallel after final
polishing. It is preferred that at least the pad opposite
15 the back surface, and preferably both pads be at least about
10 percent larger than the wafer W, more preferably about 50
percent, even more preferably 100 percent so that the wafer
can move side-to-side as well as rotate relative to the back
surface pad without any portion of the wafer surfaces
20 extending out beyond the area between the pads. For a pad
having a central hole such as the example pads given above,
the difference between the inner and outer radius of the pad
is at least 1.1 times greater than the diameter of the wafer
W, more preferably about 1.5 times greater, even more
25 preferably about 2 times greater. In other words, the wafer
should be able to move substantially laterally between the
pads without extending beyond the pad edge. Such
construction limits the effects of deviations because the
wafer is not continuously supported against the same portion
30 of the pad during polishing and thus the deviations are
"averaged out" during polishing, i.e., such deviations have
no significant effect on flatness. Ensuring both pads are
large enough so that no portion of the wafer surfaces extend

out beyond the area between the pads is believed to ensure



pol i shing machine be used in this invention. Inportantly for the

i nvention, at |east the pad opposite the back surface should have a surface
area significantly larger than 10 the wafers Wso that deviations in the
pad opposite the back surface do not substantially affect the flatness of
the front surface and such that the front surface and back surface are
mai nt ai ned substantially parall el af t et4f i nal polishing It is preferred
that at | east the pad op site 15 the back_surf greferably bot h
pads be dtVFed? ‘% e Rt e et eah ‘Ffél%f + more preferably
about 50 pgeirsieitg. even nore preferably 100 percent so that the mafer can
nove side-to- S|de as. well _as rotate relative to the back_ surface
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mat eri al aprawatusth@ehas tube 19 described above for introducing and

applying the solution to the pads.

15 Initial stage
After the wafers W are placed in the carriers 22 and
the upper pad 16 is lowered to a position adjacent the
wafers W, solution including polishing slurry flows onto the
pads 16, 18. In this embodiment, the pads are conditioned
20 during the initial stage. Such conditioning helps to
prepare the pads for polishing, especially where the pads
have been thoroughly rinsed, as by DI water, between
processing runs. The conditioning is suitably accomplished
by mixing a strong base, such as potassium hydroxide (KOH)
25 or sodium hydroxide, with the polishing slurry. Preferably,
the base is sufficiently strong so that the solution between
the pads (which includes slurry and KOH) has a pH of at
least about 12, more preferably about 13. Also, relatively
light pressure may be applied to the wafers by the pads as
30 the pads are conditioned so that the wafers do not slip out
of the carrier openings. For example, the pressure is no
greater than 33 percent of the maximum pressure applied
during the final polishing operation. Without being held to

a particular theory, it is believed that mixing the strong



5 a snoot hing stage and a rinsing stage. The wafers and pads are rotated
during substantially all of these stages, and there is a flow of a
polishing or rinsing solution to at |east one of the pads. The platens are
suitably held at a tenperature between about 100 and 40 Cel sius. The
solution 10 may include, but is not limted to, polishing slurry, de-
ionized water (DI), an al kaline or causfic | i quid conponent, and a rinsing

fluid, as is further described_bel ow. The apparatus 10 has tube 19
descri be %F‘b%ﬁ’él?}brt]?%ﬁjo%Yn%l%%ﬂﬂ’%%p?Wﬁg& é“%o‘?hjcjr% I?%r’fh%f%%ds. 15
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wafer polishing apparatus.

15 Kinematic Control and Wafer Orbit Paths
Hydrodynamic lubrication is viscous lubrication between
two surfaces caused by relative motion between the surfaces
in the presence of a fluid. Fluid between the surfaces
flows from a regime of low pressure to high pressure due to

20 a constriction in the fluid path, as due to a wedge profile
or a step in one of the surfaces. Such a wedge profile or
step is typically caused by small deformable pores in the
pads 16, 18. It should be noted that the size of the wedge
profile or step is typically on the order of microns.

25 Boundary lubrication is lubrication between two surfaces due
to a layer of molecules bound to one or both surfaces. 1In
boundary lubrication, fluid may be expelled from between the
wafer surface and the pad. There is also mixed or
elastohydrodynamic lubrication wherein both hydrodynamic and

30 boundary lubrication occurs.

Excessive or unstable hydrodynamic lubrication between
the wafer W and either pad 16, 18 during polishing can cause
the wafer to flutter or vibrate, which may damage the wafer

or contaminate the solution in contact with the wafer. For



di ssolved silica fornms silicic and polysilicic acid which is intercal ated
in the pores of the pads 16, 18 or, nore 5 generally, is deposited on the
pads. The intercalated or deposited silica is believed to reduce friction
at the pad/wafer interface during material renoval and snoothing stages
to a nore desirable level. Note that the conditioning step is not limted
to a final polishing 10 operation perf&ﬁned on a batch polishing apparatus.
For exanple

he conditi onin ep. may be used in rough or final
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in the carrier, which will damage or break the wafer.
Preferably, the kinematics of the process are controlled to

15 inhibit unstable hydrodynamic lubrication between the pads
and the wafer W during the initial, material removal and
smoothing stages, and suitably between the upper pad 16 and
the back surface during the rinsing stage, to thereby
inhibit abrasion of the carrier insert 24 and damage to the

20 wafer during final polishing. Preferably, such kinematic
control promotes elastohydrodynamic or boundary lubrication
and therefore less separation between the surfaces and the
pads. In contrast during the rinsing stage, stable
hydrodynamic lubrication is promoted between the front

25 surface and the lower pad 18, while hydrodynamic lubrication
is not necessarily promoted between the second pad and the
back surface.

The kinematics of the process are generally controlled
to inhibit unstable hydrodynamic lubrication. Such control

30 is suitably accomplished by selecting appropriate rotation
speeds of the wafer carrier 22, and the upper and lower pads
so that the velocity of the back surface relative to the
upper pad 16 is less than the velocity of the front surface
relative to the lower pad 18. Such control is especially

35 helpful during the rinsing stage wherein the wafers would



exanple, if the wafer flutters or vibrates, the edge of the wafer rubs
against the carrier insert 24 nore frequently and wth greater force so
that the insert is |likely to be abraded and rel ease scratch-causing
particles into the 5 solution. Note that even the preferred carrier insert
mat eri al s described above typically contain sone inpurities and/or
scrat ch-causing particles. Also for exéﬁ‘pl e, the anplitude of vibrations
can be so great,that fluid in a i.cul ar be conpl etel squeezed
anay, calditfrubse csedsky ‘F%%%??g‘gﬁ%]?]ﬁét ng%?ﬂfﬂ%%r eby- %aus‘i’h]@ 3bFf ace
damage. Als® fhitexa iee tdecaplndtsesad +Hecys bE@tbONShe CAINEENGO great
is forced out of the opening in the carrier, which wll

that the
damage orgv'g%’é%kal?q‘l FSRF RSP RTINS, 2IFEIRT et Ykehf t he process are
control |l ed to gddt Mbhd de £SiRD! End Vs OLYMasE Gtﬂlélbééfﬁlé%‘ deyween the

pads and the wafer Wduring the initial, material renmoval and snoothing
st ages, armifeirs tah| theiet ovdent tHee umtrelpa@jf 1@%@p4mtlbackos@alﬂab@ duri ng
the rinsi t to. thereb i hhi bj t he carri nsert 24
and damaglg‘cgﬁ(j§ ?cﬂ Q0" Wat ey 1:urli-ﬁlgcni‘lls ?g%%?tls% m“éll re?sélrlﬁ%la,la%uch

ki nemat i CreIIﬁtW@v@I@cE@tt}éSoBHaﬁé abyele oslyread e osldoindaty thdrseadbhen and
therefore | ess separation between the surfaces and the _pads. In contrast

during thRed i tRSStlERn ShanrelpgHrvdyharie Frorf c%??%‘ﬂc?sr%}%%’t’%d
bet ween tihe {RONE; 25 SY écﬁaceIrﬁﬁﬁ@rt’i&‘?ti Wern o 1% téﬁ%é'&rgyﬂfé’ﬁéﬂélﬂl}?

| ubrication, 1s not necessarl pronot ed bet second pad and’ the
back0 sur fuged Thea kimemmsics ’dﬁat heaph ocebsr adee g enet afcb;/l«mnt rolled to

inhibit un bl ﬂ&)d nam ¢ | ubrication. Suckig uitably
ncconpl | SRS BE Y CBEPb ook COVETag AR JOBHLE P ONR EREY carti er
22, and t&@w@ecsfambl@p@r@@@l@ soudhad ié%é!@iﬁ@lééltlﬁ)fdé@ﬁa@@@ktﬁé”face
reI ative to the upper pad 16 is less than t vel ocity of the front
surface flatness and parallelism of the wafer and unevenly wears the
pads. Preferably, the wafer surfaces are exposed evenly to
15 all parts of the pads (referred to as even sampling). For

example, the equations of motion for this apparatus are

given as follows:

nR +n
c=‘i————3££ (1.0) Rotation speed of the wafer carrier
Rr+Rs about the center of the apparatus (negative
20 sign indicates counter-clockwise rotation)
nR —nR
ﬁﬂﬁ=—iiﬁ€iLi (1.1) Rotation speed of the wafer carrier
P about its own center
+n, —2N
AQ;=EL—E3———£ (1.2) Estimated rotation speed of the
wafer about its own center
25 The variables are defined in this embodiment as
follows:
R, = 12.4 cm Distance from the center of the carrier to
the center of a 200mm wafer
R, = 0 cm Distance from the center of the wafer to any
30 radial point (in this example, the path of

the center point is plotted)



relative to the |ower pad 18. Such control is especially 35 hel pful during
the rinsing stage wherein the wafers would 17 otherwi se tend to
uncontrol | ably "hydroplane”, i.e., vibrate and flutter, due to the
i ncreased viscosity of the rinsing fluid and decreased pressure agai nst
the wafer. Equations defining the notion of the carriers and 5 wafers as
they orbit the center of the apparat us180 can be wused to deternine
rotation speeds that will ensure that relative velocity of the back
surface il &t P/e 1o The BRELHY Obael? sc3855¥han the velocity of the front
surface bl at PPe2 €8 t heSHRrGeapaer 1 WpoF tIerr yradhasequati ons are
pref er ablR: ¥0Rused?Ro al Qutensuredtdear caadivaf er does not fol | ow
subst ant iRl FyRthR, sane pétdpdimt rngetsesdn oz tgeaoumad t hengcegader of the
appas at usm, Such a repeatRogapbdh siegeddes the uppat nesg and paral | el i sm of
the waf erp,and unevenly vesfscide spasls.ofreherablhyx phe wafer surfaces are
exposed q.yafanl y Lo 15 al Irpest soRfrdfie Prdsnd refergegd-to as even sanpling).
For exanple, the equati L r i S:-aPP us are given as

P @fEEQ{R%ng( 40 dorendi s 21

foll ows: = n4dR, +n3R5T tation speed of the wafer carrier
about the center of the apparatus (negative 20 sign indicates
co er-cl ockw,se. rotation P = n4 2Rn3RS (1. Rotation speed of the
vva;ﬁg&r carri erVEtP lgsf%ﬂ?cg?nY ni%%h %%n?%mg%in@tﬁﬁ@ "Kh/v%fogllaﬁf ESti mat ed
rotation gt the @ er about its own center 25 The vari ables are
defined in this enbodinent as follows: Ra = 12.4 cm D stance fromthe
center of the carrier to the center of a 200nm waf er

-12N,R —N_R -N_.R, 12N,R +N R +N_R

. _—I1(2N,R, ) - _1(2NR, )<1.4>.

2 R 2 R

The following are convenient for computational purposes

when n; and n, are in units of rpm. A subscript t refers to the

15 upper pad, and a subscript b refers to the lower pad:
27z 27 27 27z 2z
60 c 7 ﬂ 60 p 1 }/ 60 w oI t 60 1 14 ¢b 60”2

, a=o , b=otp , c= oty

First, one computes the motion with no rotation of the
pads, which is the motion of the wafers in a fixed reference
20 frame (equation 1.5). Then, the whole system is rotated to get
the relative motion of the wafer over either pad.
(1L.5):

X, (t) = Rcos(at)+R,cos(bt)+R,cos(ct) Y, (t) = Rsin(at)+R,sin(bt)+R,8in(ct)

(1.6) :
25 X (t) = Xy(t)cos(@t)+¥,,(t)sin( @.t) Yo (t) = -X,(t)sin( @ ,t)+Y,,(t)cos( @,t)

(1.7):
X (t) = Xp(tlcos(p.t)+Y,(t)sin( g.t) Y. (t) = -X,(t)sin( @.t)+Y(t)cos{ @.t)



Ro = 0 cmDi stance fromthe center of the wafer to any 30 radial point (in
this exanple, the path of the center point is plotted) 18 RP = 27.15 cm
Radi us of the carrier R} = 20.2 cm Sun Cear or inner gear radius R = Rs +
2RP Quter ring gear radius R = R ,+RP M dpoi nt between sun gear and ring
gear 5 n., Rotation speed of the upperﬁﬁad n2 Rotation speed of the |ower
pad n3 Rotation rate of the sun gear P Rotation rate of the ring gear t
Time 10 It is convenient to conpute n3 and n4, from desired, valges of N.

and NP : - 1( 2NPRIPENRYS (60 (ZRPROL +NA FREFTIPTHERE PPBWF HE e EBRveni ent
for compuiali onals PLROOFEBer WIEMh NresBlEk Ndo B Be | PadiNhk Sa OF AP oA of

subscript t refers to the 15 upper pad, and a subscript b refers to the
| ower padcim®dr NRFQ@yve2tgaced RFctha=waber ¢enten Qpringorpratiom is60 1

, ~b = 60 = b= 3 = i ; .
ot at i on BIOTHE T hadt: CHRTARCRS 1 RETORY o SFOTRC Sarbr EnfrehbRr oAl €8

ref eg encer 264 f fladrevé Beidat ¥ OBodpSnenddeand t tieeinblioy et ky siestastantated to get
the relative notion of the wafer over either pad. (1.5) : Xn

Rocos( at ) Rk (Dt Yo RRedsY i QPXtQO%i?%%mn%%t?+ﬁ%§?ﬁ%%@)Qﬁb@#%%c;)Th?S
%b(t) N %ﬂ%%%?§£§%fg%ﬁ%ﬁYagéﬁé?éH%%Qg%oﬂbéﬁ% _ogg and will not be
Xnb(t)sin t)+Ya,, (t)cos t ; Xt t§ =
Xnb(t) coskeptodymdthsra{t)FYg(t3 showX, etamslaéCbF+yaleulited(aryrdage
Equationsréfég vgnge %ézgiggsgééggeﬁhghgogééégnpgé ggg back surface (Vi)
10 and between the lower pad and the front surface (vpgion) 1in
centimeters per second, using an approximation of the exact
velocity given by differentiating the equations.
Suitable rotation speeds should be chosen so that the
wafer path does not follow the same path repeatedly, and so
15 that the kinematics of the process are suitably controlled.
Preferably, the speeds are selected such that a point on the
wafer does not follow the same path about the center of the
apparatus 10 before the wafer has completed at least about 10
percent of the total number of rotations to be made by the
20 wafer about the apparatus center during the final polishing
process, more preferably at least about 25 percent, even more
preferably at least about 50 percent. One method of finding a
desirable path is to determine which speeds result in
undesirable paths and then change to speeds which are
25 intermediate those undesirable speeds, i.e., significantly
different from those speeds, to find a desirable path. For

example, the condition for a path that retraces itself once per

carrier rotation is:

| N,|+m|N,| = n, or n, (1.8)
30 Where m is any arbitrary integer. Nearly repeating paths
follow the condition m = 1/2, 3/2, 5/2 ... .

Wafer paths which evenly sample the pads can be found by

selecting rotation speeds which are significantly different



center of the wafer with respect to the pad as a function of tinme. The
curve traced by the wafer center during rotation is a curtate epitrochoid.
One may differentiate the equations to 5 find the velocity conponents and
t hereby the instantaneous relative velocity at any position as a function
of time. The results of such differentiation are long and will not be
reproduced herein. Fig. 4 shows exanpleéz%f cal cul ated average relative
vel ocities between the upper. pad and back surface (vtop) 10 and between the
| ower pad %,yﬁ%s?r%?\?cgﬁjr?%géy( %t‘f%rrﬁt?%lm&e%‘i{‘ig?ﬂé%‘g?shaeﬁ; sec®hd, using
an appr oxpmwfgboéhé hsa€¥acCle . & €] 06k iNg Gh V]%fb@b’arg' &l & e | A TBEADME one
equations. Suitable rotation speeds should be chosen so that the wafer

pat h doescatg¥aphbonlly e P Hvatpeapaidhy, camsed ooy 18l deited he

Ki nemat i S e it ontr d._Pr.eferabl h eeds
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aboui thewtEhtesswittiwe a appatat ushiléh befaiky t fempbd er stiast £otphElwdanlt

| east abqg% %ﬁg q&cent of the fotal. nunmber rotations to be made by the
0 t a

f
20 waf er pb%?%t%%a%%%ﬁerF%ﬁﬁir%ﬁtééﬁf?%a?hﬁ%l?%%?%bra?%%cess,
nore preferably; atyheastcRboM rde RASTLOM 18V e Sr HIRI LA Y AL Least

about 50 percent. One nmethod of finding a desirable path is to determ ne
whi ch speeidee ragennd i theincksienbd® pae mppaktben changentvaspeedsFigs ch

25 | di i r.abl i.e. ignifi I
11 orent AT IR USSe” hacHs 13 Tl ARECHTHB T HR T R SR et e

condh t i ondde wotpatdpédmat thetarespatisedfodEecperceoss i &F fl@dation is:
IN,Im N1 =n, or n2 (1.8) 30 Where mis any arbitrary integer. Nearly
repeat i nPRRATREUS dibioht t e o 18P fn Bag /potaed apolt its OwWRf@enERE hs

wnich evend v Salp! £ hendads £ah. beyf audkbyis SEEANY SL1AlL Aapopeds
which are significantly different 20
with respect to the lower pad, is an excellent choice since it
samples substantially all of the pad. Note that the boundaries
15 of the pad (the inner and outer circles) are shown in Figs. 3A-
3D. In addition to avoiding the path of the constraint
equation, the following guidelines are preferably applied to
find a satisfactory wafer path.

1) Upper and lower pads should counter-rotate to ensure
20 proper distribution of the solution in contact with the
wafer, i.e., n, and n, should have opposite signs.

2) The wafer carrier should rotate around the machine in the
same direction as the upper pad, i.e., N, and n, must have
the same sign.

25 3) No point on the wafer surfaces should be allowed to stop
with respect to either pad (i.e. the paths are cuspless).
4) The wafer path should orbit the sun gear before crossing
its own path.
5) The outer gear may be kept motionless if the friction
30 between the pads and wafers is too high.

A few examples of settings that obey these guidelines are
shown in Fig. 4. The table of Fig. 4 represents settings found
suitable for an AC1400 apparatus, though use of the settings
for other polishing apparatus is contemplated. In Fig. 4, time

35 is in seconds and rotation speeds are in RPM. A negative sign

indicates counter-clockwise rotation.



t han those specified by the constraint Equation (1.8). By plotting the
paths (e.g., using a program such as MATHCADTM one can graphically view
t he waf er paths caused by selected rotation speeds and then determ ne
whet her the speeds selected 5 will result in a patten which evenly sanples
substantially all of the pad. For exanple, Figs. 3A and 3B show
undesirable paths in which the wafer fottows the same or similar pat hs

each tine around fhe center of. the afparat us.. In_contrast . to Figs. 3A-3B,
Figs. 3C and 3tFShow dbst? aEPﬁJéth%‘Ejr%I M WE@PJ(%ef%f‘&el‘@lH}ée% _ Ar epeat
the same paif Bf Qyfiset hSa G &ra OTRINE LORPArBAYS AGi{nihe;garkréer 22 has
rotated about its own center at least 16 tines. Fig. 3D, which is the path
of the watarimyptproespecdressuhe {owsropads . 8 skidm. exBett engs chob carsi nce
it sanples subst j al al | ad. _Not hat_the boundaries 15 of
the pad (1965 | TReeoald Tl & st 08 Paer SRG PR b ign "SREREHHEF,
addig i on thaxawoh dbad phespatd DE ABSuE oSt riaPAt an@ouiae O the datépwi ng
guidelines are preferably applied to find a satisfactory wafer é)ath. 1)

Upper and®®&fnets giefs Bhotit theour e rotdlt evioh endtir et 20Ppr 8pl# 189 shadbut i on
of the soffdiofod NyEONESGG WS Nod NS MR Tthit Srhe JudRH 2 fheylﬁhgave
opposite signs. 2) The wafer carrier should rotate around t%e machine in
the sam\@Ui4@Ctapprostihecaphernpadoeireliablky andtatiedueithawe the sane
sign. 25 39 l\ﬁn jnt.on the fer surf%cef shaoul d be gllowed to stop wth
respect tO BFUHEIHaf(FIHT the® A hee et buspressye P2 Sefi- mﬁ?%?l’g%?h
showd d orddediEn&diNe GESFANES Of & € DS Shéighod 1191 DIWNcPaéd . ebdn THEI O EF, gear
may be kept _notionless if the friction 30 between the pads and wafers is

t 00 hi gh.27 fERP eXEhpRREY dFe e3¢ g ST DL E helde @eityiesf aklee shown

in Fig. i.9.. 4 tfl f Lt f
g et el choFiond copaosta,astiians. (o caskiable for an

velocity of the front surface relative to the first pad.

Moreover, in a polishing apparatus 10 having orbiting carriers,
15 the wafers will both rotate and move laterally with respect to
the pads, such movement with respect to the upper pad is of
particular importance to "average out" any imperfections in the
upper pad and thereby ensure the flatness and parallelism of
the wafers. Note that these settings may be further optimized,
20 and that settings optimized for particular polishing apparatus,
pads, pressures, fluid viscosity and flow rate may not be
optimal when any of the apparatus, pads, pressures, fluid

viscosity or flow rate are changed.

Kinematics may also be controlled to cause differential
25 removal, i.e., to cause less material removal from the back
surface than the front surface, due to less relative motion
between the back surface and the upper pad 16 than between the
front surface and the lower pad 18. As can be seen, such
removal is likely to occur using the settings shown in Fig. 4
30 because there is less relative motion between the back surface
and the upper pad 16 than between the front surface and the
lower pad 18. Alternatively, kinematics may be controlled to

cause equal material removal from the front and back surfaces.



for other polishing apparatus is contenplated. In Fig. 4, time 35 is in
seconds and rotation speeds are in RPM A negative sign indicates
counter-cl ockwi se rotation. 21 Setting 1 is particularly suitable for use
with a SUBA 534E-11 upper pad and a URL00 | ower pad, and wherein the

maxi mum process pressure is about 4.8 kPa. Settings 2-6 are nore suitable
for a SPM3100 | ower pad for which prefer%%d 5 maxi num pad pressure i s about

9.7 kPa and rein t out er ar_ is not rotatjng..Note that with use of
Che SPB100 pattetarairy onveeR i S att & LHHERC fe oie BVt GRsl o
the ACL4OhappEled USy Cosk doN0h dHeodedd abbyer opad pdsieh hoat thevensaal |y

damaging its driveshaft. As can be seen, settings 10 determ ned accordi ng

to this metHod Wik cadd?® RSPy i d CAMFE anhe PP RBF YOBel skt o

ensure thﬁitéﬁ&d@'w&xbé/ez@ftlﬁ@e%a@a&ﬂidst&ﬁé agLréel Mty Epé OchHLnSEEQNGwHRRd i S
| ess than_the velocity of the front surface relative to the first pa

Nor eover , LT &£ bl IRFRHER &P peR BOYER 1809 SFPRVRST bi t FRGLREF rVaY s, unstanke
waf ers wipdydRFh et At BusPL-APVEn | BE €hddh YeNd thohesnesd 16 atderRadsacwuch

movenment with respect to the upper pad is_of particular inportance to
"aver age YutFaem ot npes rexiennss i inkheltepperAgatn andonkep byt cssablae

flat i t. t ki b
further o REpin S, B cat 10 190 Hotre N P L 1AL BOSECTE SpbeRg (e 2
appar at usyingins, staes suheseif| it dviseosi ikalhd 4 oncear eandycaose be

opt{ gral  when y,. of &, 2P. atus, pads, pressures, fluid viscosity or
floi\/v&?ate are&gh%(%g%ﬂ. m%%’éati cs may al so be controlled to cause

differenti al 25 renoval, i.e., to cause less material renoval fromthe
back surface than the front surface, due to less relative nbtion between

t he back [f and,the upper..pad 16 than between the front surface and
t he Iovverﬁ%ea%sa‘i% a,&msdcéz;%r gggevg%?rsuch renmoval is likely to occur using

the settings %ﬂ%ﬁ%gébf§9'tﬁé wafer carrier 22 has a thickness less than

a final thickness of the wafer W after final polishing is
complete. Preferably, the wafer carrier thickness is at least

15 15 microns less than the final thickness and more preferably
about 70 microns less. The preferred difference will depend on
the compressibility of the pads. Pressure exerted by the pads
against the carrier 22 is minimized, e.g., pressure is nearly
the same as ambient pressure, because the carrier is so much

20 thinner than the wafer and therefore the pads tend to bear
against the wafer W, or more correctly, the pressure bears
against the liquid and slurry particles at the pad/wafer
interface, the pad being separated from the wafer by the liquid
and the slurry particles. By minimizing pressure against the

25 carrier 22, carrier wear i1s reduced. Carrier wear can cause
metal or metallic impurities in the metal portion of the
carrier 22 to be released and contaminate the pad or the
polishing solution. Carrier wear can also cause scratch-
causing particles to be released from the inserts 24. Further,

30 minimizing pressure applied to the carrier 22 (the carrier
preferably having a thickness which is substantially thinner

than the thinnest wafer in a batch) helps to maintain the



30 because there is less relative notion between the back surface and the
upper pad 16 than between the front surface and the |ower pad 18.

Al ternatively, kinematics may be controlled to cause equal nateri al
renoval fromthe front and back surfaces. 22 Preferably, unstable
hydrodynam c |ubrication is further controlled by use of a grooved upper
pad, such as the SUBA 534E-11 pad. Use ¥ such a pad causes the sol ution
inthe interface between the pad and the wafer Wto be channel ed away 5

from t he PFREFYER 2B BRGNCP hehgrvales. Wiky tihe BRyiskyiey abids hydr odynani c
Lubr cati .
LorL a0 SELBRY LG UREro BRI, 00 Dol SuLace plotlealer 1
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the wafer_carrier thickness is at least 15 15 mcrons |less than the final
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exerted by the pa ainst the carrier 22 is mnimzed, e.g., pressure is
nearly t%%%so%nbg?%rﬁaﬁje%%ure, because the carrier is so nuch 20
t hi nner than the wafer and therefore the pads tend to bear against the
wafer W or niieEBrearEl 1ehedyr s urke pealrariakaresevahestadmi 5 and

slurgy pastdfd@pHpnf dherPad vabsie 7 Nted f agsre thee P DB NGe SRARE a1, rom
t he waf er 25)/ the Iiquid and the slurry particles. By m™nimzing pressure
agai nst the ZNEARWr DD, 1JeRe | ervhesee the rkeWredadak?iar R4 cause

metal or pEtald | gnddBAg ] 6Srddstie fBtal RArdd AbQle 116 eBL i LE g2-d 0 be
rel eased and contam nate the pad or the polishing solution. Carrier wear
can al so REgferaplatketween about 6 and about 11 kPa. During the

rinsing stage, less than about 2 kPa is applied or more

15 preferably, the least possible pressure the apparatus can apply
without causing the wafer W to oscillate excessively, e.g.,
about 0.75 kPa for an AC1400 apparatus. The pressures applied
in all stages are sufficiently low so that the final polishing
operation causes substantially no crystal structure damage in

20 the wafer. The preferred pressures may vary with pad type,
polishing apparatus, polishing slurry, f£luid properties and

temperature.

Slurry and Rinsing Fluid

Preferably, the polishing slurry is a finish-type slurry,
25 such as GLANZOX™ 3950, available from Fujimi of Elmhurst,
Illinois. It has been found that finish-type slurry is more
suitable for the final polishing operation in that wafers
produced using finish-type slurry'have less average haze than
those produced using the less expensive stock removal polishing
30 slurry typically used for rough polishing. Without being held
to any one theory, it is believed that slurry particles and
agglomerates found in the stock removal polishing slurry are

generally larger and harder to break up than slurry particles



causing particles to be released fromthe inserts 24. Further, 30
mnimzing pressure applied to the carrier 22 (the carrier preferably
having a thickness which is substantially thinner than the thinnest wafer
in a batch) helps to maintain the 23 pressure applied to the wafer Why
the polishing pads relatively constant and thereby nakes the process
repeat abl e regardl ess of the starting t4fi ckness of the wafer. Note that

conventi on the a |ed pressur n the fer decreases 5 during

pol i shi nga@eéé@@ Gt bﬁédimer VA H RfreranY 4Ry RIS shi ng,
the pressuneigxeld athde tétfrao@dﬂéserarz’cﬂ hdRC O Nh et eer @Asridtesd hi ckness
of the wafer approaches the thickness of the carrier. Pressure applled

during tHe r%%@ﬁ“&? &Ry AR | © PR rHNGK SRRt Rt FR K pa,

nore prefanaly, pReis BRP Wur ifhdp &[@ml 2. deriRenl i dherdpyer pad
is an SPM3B100 Dur| ng snoot hing, pressure is at |east about 5.5 kPa and

mor & pr AR et iden Rt SRkRE ethdtiet PHmE Tii sl ahes lygrkehg
stage, |ess than,ahputo2 kBa diss aﬂm]}ﬁf&éﬂca{fprﬁe 14y efsr Al e 1y hor | gast

possi bl e pressure the apparatus can apply wthout causi'ng the wafer Wto
osci | | at ecandamndihas yin eany oneiaP 0. 75 kPa for an AC1400 apparatus. The
pressures applied in all stages are sufficiently |low so that the final

pol i shing opematdusiel sl ennpraithalvaten mwmistial stenetet dwageha 20

the wafer, t@}]% el atd e PR Al f’%écb GniY RS s R
appar at us, e ER[hl ng slurry, u% pro ertﬁllees an terrper ature. Sr%r ry and
R sd ng Mszd tPreefldimaig by, tydee poldsthing slurny. | Exefplesiel ywesstrenrgy, 25
such as %él\éz ?g? f J {@;:F I
has been oun?%gr:/l Ini's t}%ﬂoqf u(%ér);/grrd; én%arleﬂ 1‘5! is&ef or 4“#&& na‘—TH!LCE
pol i shi ng gEelnatdmmayn dle hafatded grodivedlusimg. f it seddiypieors) urry have
less aVGG%%.éE%‘iQ'Eﬁgh pressure is applied during the removal stage,
the ranges of pressure being described above. By using a
15 strong base and high pressure, an appropriate amount of wafer
material (as described below) is removed while using relatively

little finish-type polishing slurry.

The finish-type slurry is stabilized against agglomeration

of the silica particles by polymers and by a base, such as KOH

20 or ammonia. Commercially available slurries such as GLANZOX
3950 typically include a proprietary polymer, such as a
modified cellulose, while a base is typically mixed with the
slurry during the process. In this embodiment, ammonia is
preferably mixed with the slurry during substantially all

25 stages of the process. In contrast, KOH is preferably only
added during the initial stage and the material removal stage,
though it may also be a minor component of the rinsing fluid.
KOH serves mainly to adjust the slurry pH above about 10.5, and
preferably between about 10 and 200 milimolar of KOH is added

30 during the material removal stage. The KOH also helps to
maintain the ionic strength. Preferably the ionic strength is
between about 10 and 200 milli-molar during the initial and

removal stages.



t hose produced using the | ess expensive stock renoval polishing 30 slurry
typically used for rough polishing. Wthout being held to any one theory,
it is believed that slurry particles and agglonerates found in the stock
renoval polishing slurry are generally larger and harder to break up than
slurry particles 24 and agglonerates in the finish-type slurry, and thus
more likely to cause scratches and haze¢3n the wafer surfaces. | i

t is
cont enpl at ed, however, to use the stock renoval polishing slurry,
especi al | y duAWiPiiRe SRS dfo reriitastageedtesteal C%mlﬁ%ws%%é? It |
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hi gh pr essurstakinl Bppropramnentdoterves vafrurgestleei aibe atd debtevgld

bel ow) | %}é@#x%%&fdgsff&rel atively little finish-type polishing

slurry. pe slurry is stabilized agai nst aggl onmeration of the

silica particl b and. , KO, ni a.
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volume silica solids. The optimum concentration is maintained
15 by diluting with water and with other aqueous solutions as

described above.

Material Removal

The final polishing operation preferably removes

relatively little wafer material so that flatness and

20 parallelism are not substantially degraded. The final
polishing operation suitably removes less than about 5 microns
of wafer material from the wafer W and preferably between about
0.1 and 1.5 microns of wafer material. It is to be noted that
less than 0.4 micron total material removal from the wafer is

25 likely to be preferred where the wafer W to be final polished
has substantially no surface damage, e.g., where the rough DSP
process is suitable to produce a wafer having substantially no
surface damage. In fact, where substantially no surface damage
is present less than 0.1 microns of wafer material may be

30 removed. Note that the ranges given represent total removal
from both surfaces of the wafer. The kinematics are preferably

controlled as described herein so that significantly more



KOH serves mainly to adjust the slurry pH above about 10.5, and preferably
bet ween about 10 and 200 milinolar of KOH is added 30 during the materi al
renoval stage. The KOH al so helps to nmaintain the ionic strength.
Preferably the ionic strength is between about 10 and 200 m |l li-nol ar
during the initial and renoval stages. 25 Ammonia serves to chemcally
sequester conplex trace netals such as v per and nickel, to control pHin
the latter ortion of the ot hi sfage and serves as conponent of the
pH buf f e AEEEIEL T RoFSRPTFQOEag™ FHe { HEOah RGeS naeoBetr soraRe for an
ext ended denBide of PidBerdbEy AMM®NE AL SEI VeRoTH]l PHd@erhdebidbesdPribeough
whi ch thglflui s flow. In agq%Eion to stapilizing, amonja serves to purge
the tube 4% HrRRYEPHRF cFPt HRE HF feSTPGR TR ot ® mPRbnE @Rt #3881 on of
silica particles in the 10 slurry is expressed as the percent by vol une
silica solids. Preferably, the optinum concentration provided by the
supplier is maintained. In this enbodinment, preferred slurry GLANZOX 3950
has an opimerERiRghceERFAti on of about 0.035 to 0.055% by volume silica
solids. The optinmum concentration is maintained 15 by diluting with water
and 3 t h ot herThxusestisbhat $onge agpedetes | dedshbovely Maeducad Reewvale The
final polishing operation preferably renmoves relatively liftle.wafe

materi al S AT | B heeQr ot SO B T T ef ReRHGD of ROt SRTBLT LRG| bty Che
degr aded.walther fdnataceol | shagi eper ahiOnsstehgbh y (& egpyesy| esguthag rbRUt 5
m crons of wafer materjal fromthe wafer Wand preferably between about
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preferred ere the wafer Wto be final polished has substantially no

surfhce denele, el ievedhehat tipkas bughtimspopulation of slurry particles

toward smaller sizes, i.e., so that they are substantially

individual particles, provides the mild polishing action that

smooths the surface on the nanometer scale.

It is well known in the art that alkaline etching of
15 silicon wafers preferentially exposes <1ll> planes, causing an
undesirable faceting of the surface in polishing operations.
In smoothing, the ionic strength is reduced by dropping the KOH
concentration and consequently the pH to reduce the rate of

alkaline etching of the surface relative to the polishing rate.

20 Ringing stage
After the wafer W has been polished substantially and

smoothed completely, the wafers are preferably rinsed while
rotation of the wafers continues and slight pressure is
applied. It is to be noted that the rinsing stage of this

25 invention may be used in a single wafer polishing process as
well as the batch polishing process described herein,
especially where the wafer is to remain on the pad for some
period of time in contact with potentially harmful caustic
solution on the pad or in the pores of the pad. 1In this

30 embodiment, rinsing fluid is introduced to flush away the

polishing slurry and potentially damaging caustic solution. As



process is suitable to produce a wafer having substantially no surface
damage. In fact, where substantially no surface damage 1is present |ess
than 0.1 microns of wafer material may be 30 renoved. Note that the ranges
given represent total renoval fromboth surfaces of the wafer. The

ki nematics are preferably controlled as_described herein so that
significantly nore 26 material is removed fromthe front surface than the

back surface. Preferably, material renoval fromthe, back surface is |ess
Phan abolRCSEHRTS (TP Eoa YT A (HE 1 G S T UGS SEREFE s sthge &
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wafer. 10 It is believed that biasing the population of slurry particles
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the nanoneter scale. It is well knowi'in the art that al kaline etching_of
15 silicotuRders TP eFerbht Aareqt eXpRERET <191S ¢l aprRCe chelyery aphe pad
undesi r abl ¢ facety g Pl t NG %f%f@f@blﬁﬂ%féi‘éé@ 9P eI AL+ 0881 nd NeggOOL hi ng,

the ionic strength I's reduced by dropping the KOH™ concentration and
consequermydredidaip ¢ ol wledicat idre betweest the kirome seeheag rdthlesurface

becn pol | SPAT Subet oot | alTS Era Rt hed o e oy, Tt e v ere e
pr ef er abl ineremeed vl | the ratart onf ofindinowieras st nelesp aWdiclhi ght
FLSZﬁf{gnir?r%ﬂchéé epeddlhéiljli Et?egg[?ré‘géff’et rﬁ%‘f %&”ﬁ@é&&ége of this 25
y be used In Singl'e waf'er polishing process as well as the
bat ch pol $&smnii grockss descinbeny hergleoy of polishing slurry to the
pads and introducing a flow of higher viscosity rinsing fluid
15 to the pads. The rinsing fluid increases hydrodynamic
lubrication between the front surface and the lower pad 18 and
thereby increases the distance therebetween. Briefly
continuing the flow of slurry provides a boundary lubricant
during the potentially unstable transition period to protect
20 the wafer from contact with the pad. The wafer W should
stabilize relatively quickly during the short step, and
thereafter the flow of polishing slurry can be stopped.
Preferably, rinsing is accomplished in three steps: 1)
introducing a flow of rinsing fluid through the tubing to the
25 upper pad while continuing flow of the polishing slurry to the
upper pad so that the wafer is stable before the flow of
polishing slurry is stopped; 2) stopping flow of the polishing
slurry while continuing flow of the rinsing fluid; and 3)
adding a passivation component, such as hydrogen peroxide, to
30 the rinsing fluid for passivating the front surface against
alkaline etching.
The rinsing fluid preferably has relatively high viscosity
to increase hydrodynamic lubrication at the pad/wafer

interface. Preferably, the fluid includes a polymer, such as

35 polyethylene oxide (PEO), carboxymethyl cellulose, xanthan gum,



especially where the wafer is to remain on the pad for sone period of time
in contact with potentially harnful caustic solution on the pad or in the
pores of the pad. In this 30 enbodinent, rinsing fluid is introduced to
flush away the polishing slurry and potentially damagi ng caustic sol ution.
As 27 polishing slurry is washed away during rinsing, there is an
increased risk of instability (flutter &% vibration) and therefore direct
contact between the wafer Wand the pad. Such direct contact would
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three st cing a flow of rinsing urd ough the tubing to

the 25 upprtipadeiveims cbheidui ng flow of the polishing slurry to the
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fluid which buffers the solution pH against caustic liquids,

15 i.e., liquids having a pH greater than 11.8, trapped in the
pads to protect the front surface of the wafer W. Prior to
rinsing, causticaliquids such as KOH become trapped in the
pads, especially in pores of the pads. The rinsing stage
typically does not rinse the pad for sufficient time to

20 completely rinse away the most damaging caustic liquids from
the pads. It is believed complete rinsing would take about 3
minutes or more, while the preferred rinsing stage is much
shorter to inhibit accumulation of surface defects in the wafer
W and to increase throughput. Moreover, after the rinsing

25 stage is complete, it takes several minutes to remove all the
wafers from the apparatus, during which time residual caustic
liguids may etch the surfaces of the wafers. Therefore, the
rinsing fluid is pH buffered against residual caustic liguids
trapped in the pads to protect the front surface of the wafer

30 W. However, the pH buffering fluid has aﬁ appropriate pH so
that the pH of the solution does not drop so low as to cause
silica particle agglomeration, excessive precipitation of
silicic acids, or silica particle adhesion to the wafers. Such

agglomeration and particle adhesion to the wafer typically



slurry while continuing flow of the rinsing fluid; and 3) adding a

passi vati on conponent, such as hydrogen peroxide, to 30 the rinsing fluid
for passivating the front surface against alkaline etching. The rinsing
fluid preferably has relatively high viscosity to increase hydrodynam c
| ubrication at the pad/wafer interface._ Preferably, the fluid includes a
pol ynmer, such as 35 pol yet hyl ene oxi de Gﬁtc», car boxynet hyl cel |l ul ose,

xant han gum f8 car boxymet hyl starch or ethylh diﬁxy cellulose, to
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of silicaparddtleson e L&AS108 Jvit’ﬂldtﬁﬁ%éfé( SCOSI tyaatiLen ta%é!rliirﬁé,
greater than the viscosity of the polishing sfurry, nore preferably at
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rinsing would take about 3 mnutes or nore, while the preferred rinsing
stage i s HuHDEHYF teFth othahvateractuntikelvntof inetvdecrgbiaringin t he

wafer  Wangd-1p 15 ease1 19" Queiy e MO £OYEr i AE18Y, LH8a LRS! P8 ranges
given are for the solution including the rinsing fluid and the

15 polishing slurry. A suitable pH buffering fluid includes an
acid and a base, preferably boric or phosphoric acids mixed
with KOH or ammonia. Preferably, the acid has a pka between
6.9 and 10.5 and more preferably the pka is about egqual to the
target pH, e.g., about 95.8.

20 The rinsing fluid also préferably includes a passivation
component, which may be suitably added to the rinsing fluid
just prior to the end of the rinsing stage. The passivation
component is suitably hydrogen peroxide, though other oxidizers
may be used, such as ozone or ammonium nitrate/nitrite. Thus,

25 the rinsing fluid passivates the wafer surfaces to further
protect the surfaces from harmful caustic solution while the

wafer rests on the pad after completion of final polishing.

Post Polishing Handling
After polishing is complete, rotation of the carrier 22
30 and pads 16, 18 is stopped and the wafers are removed from the
polishing apparatus and dried. Air drying the wafers may cause
residual silica to precipitate on the wafer surfaces and
thereby become difficult to remove from the wafer. In this

embodiment, the front surface of the wafer is treated, e.g.,



25 stage is conplete, it takes several mnutes to renove all the wafers
fromthe apparatus, during which tine residual caustic |iquids may etch
the surfaces of the wafers. Therefore, the rinsing fluid is pH buffered
agai nst residual caustic liquids trapped in the pads to protect the front
surface of the wafer 30 W However, the pH buffering fluid has an
appropriate pHso that the pH of the s Uti on does not drop so low as to
cause silica particle agglonmeration, excessive precipitation_of  silicic
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with the R e i 19 | AePTRRent HOPRHPLPHITERF e st rgPleshociigt yeoe¥ i ng

step 1 ofgdddisd r&r&yl%h@o Pit T AWeSur S VEH A& El%:_rélﬁ'% sebtddonchacl udi ng
the rinsing fluid and the 15 polishing slurry. A suitable pH buffering
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about 9. &peethim v i st hgyditaisirndbe- grefacabpylisklnges a passivation
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from the wafers, coat the particles and the wafers with a
15 polymer and to maintain a passive oxide layer on the front
surface of the wafer. Preferably, the bath is a solution
including ammonia, an oxidizer, such as hydrogen peroxide, and
PEO at or near the same pH as the final rinsing fluid. The
wafers are removed from the bath after a relatively short
20 period of time, e.g., three minutes, then rinsed and dried in a
suitable apparatus.

Upon completion of the final polishing process, the front
surface of the wafer is final polished so that after cleaning
the front surface is prepared for integrated circuit

25 fabrication. It i1s contemplated that the back surface may also
be final polished in the process. The method of this invention
does not require any coating or layer. After the wafer is
cleaned and inspected, it is typically packaged and shipped to
a customer for forming integrated circuits on the wafer.

30 However, it is contemplated that a coating or layer, including
an epitaxial layer, be added. For example, layers or coatings

may be added by the wafer manufacturer or by a customer.



conponent is suitably hydrogen peroxide, though other oxidizers my be
used, such as ozone or ammoniumnitrate/nitrite. Thus, 25 the rinsing fluid
passi vates the wafer surfaces to further protect the surfaces from harnfu
caustic solution while the wafer rests on the pad after conpletion of

final polishing. Post Polishing Handling After polishing is conplete,
rotation of the carrier 22 30 and pads , 18 is stopped and the wafers
are renmoved fromthe polishing apparatus and dried. Air drying the wafers
may cause*3RI%ual silica to precipitate on the wafer surfaces and
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rinsed aqgwgréégkiggrox1de (H,0,) , phosphoric acid (H,;PO,) and KOH.

15 Further columns show PEO in grams per liter, ammonia (NH,OH) and
igsopropyl alcohol (IPA) in moles per liter, the Debye length,
the ionic strength, and the normalized Hersey number (H,) for
the front and back surfaces. The several columns of Fig. 5B
show the pH of the solution, the flow rate of the solution in

20 milliliters per minute, the pressure in kPa and the rotation
speeds. Note that the rotation speeds correspond to setting 2
in Fig. 4. The average relative velocities between the lower
pad and the front surface and between the upper pad 16 and the
back surface are calculated as described above and shown in the

25 next four columns. Note that the velocity between upper pad 16
and back surface is substantially lower, e.g., less than half,
than that between the lower pad and front surface in each step.
The initial speeds are sufficiently low to allow time for the
fluid properties and frictional properties of the pads to

30 stabilize.

In this example, initial steps 1 and 2 constitute the
initial stage during which time the pads are conditioned.
Steps 1 and 2 last only about 18 and 24 seconds, respectively.
Pressure is increased substantially in the wafer removal stage

35 of step 3, which lasts the longest of any steps, about 8



sui t abl e apparatus. Upon conpletion of the final polishing process, the
front surface of the wafer is final polished so that after cleaning the

front surface is prepared for integrated circuit 25 fabrication.
contenpl ated that the back surface may also be final polished i
process. The method of this invention does not require any coat
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| ayer. After the wafer is cleaned and irf%?pect ed, it is typically packaged
and shipped to a custoner for form ng jntegrated ci{cuits on.the wafer. 30
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Hydrogen peroxide is introduced in step 8. As shown, the

15 entire rinsing stage lasts less than a minute. The rinsing

fluid causes the viscosity of the solution between the pads to

jump from about 1 cp to about 6.4 cp while the temperature of

the solution remains substantially the same. The final

polishing operation lasts about 14 minutes total, and about 0.5

20 microns is estimated to be removed from each wafer. Note the

removal rate depends on the level and type of dopant in

the

wafer, the removal estimate being given for on the order of

about 10Y atom/cm® of boron in a silicon wafer.

Note that the Debye length (1/K) is a characteristic

25 exponential decay length for electric fields in electrolyte

solutions. The parameter is a measure of the distance at which

the forces between charged surfaces become apparent. When

analyzing 1:1 electrolytes such as KOH, Debye length can be

determined from the concentration ¢ (in moles/liter) of
30 electrolyte by the equation:
1/k = 3.04/c™® in Angstroms at 25°C

the

Because the attractive van der Waals forces between surfaces

can overcome electrostatic repulsion when particles move closer

than some critical distance, the stability of a colloidal

35 system, such as the solution in contact with the wafer,

partly



speeds. Note that the rotation speeds correspond to setting 2 in Fig. 4.
The average relative velocities between the | ower pad and the front
surface and between the upper pad 16 and the back surface are cal cul ated
as descri bed above and shown in the 25 next four columms. Note that the
vel ocity between upper pad 16 and back surface is substantially | ower,
e.g., less than half, than that bet weer”t he Iomer pad and front surface in
each step i ni tial s eeds %e SUffICI ntlg om1t§ allowtinme for the

h

fluid prd %ee???‘i% %Eﬁdt]??lﬁ FOhEPShRbper TFRY! 8t T heXpasite 301SPEBFIize. In

this exar@i@uamcmttlaénstle@wé,naaérzwg@ngtférkt:@ thEs anttial ost sBgamBYr iAQ
which tinme t ads, are condj ti oned. teg 1 and | ast onlg about 18 and
24 second%ik% BT iRy, SYPF S 7 PFRY ?%%Eladoéu%t REFLl RYOPR fRe waf er

removal stager 2onof i stePeBernbd Chol @stsré heol DDYest sfaBnyis{epy, about 8
32 mnutes. The snpothing stage is substantlalli constituted by steps 4
£

and B, t Hel9FEERtr2CHRi ﬁ@w%%ae%d noderat eP§PYR LeRBER CPrERFPABIF ehBvAR

st age andidmec fdoreadt KOk bgbsgr subtabl vi -gbopped aht §£e§5ep é of\Sthe
descri bed above, the first step of 5 the rinsing stag el&; E | asts a
i

short tinEXample hikheakeniensirapste &°shebrasn abpihg fbithe

p0|'5h'ngmédé%rVthP@tiHU§ébé8quéHM/éMQ%éeléhfs“@éféwpéﬂoﬁépﬁba&h9ﬂ1—
di stance stabilizes), as indicated b 045 percent solids, and while

the flow mlmfcf@rrwm@dlmcﬁ@nah@Pdeqnse@@guhn tlﬂelfélcamdpfl BAH. t hoEeow of
ampgli a (@ gonpeneptfst {;’fv@ﬁ' DuEfeg)- é§llb8ﬁr\9§§§Ps {LESEQat g%lmé

apparatus, mninum step me 1's seconds. In step 7, urry f
st opped aﬁhurmsirmgal@hmﬁu@@n@;ta@@@t t Fer seiket| syistames pbhelrs seconds.

Hydr ogen &%% tlhé éﬂ&u?&uﬁgdaq_ﬁgégie%.sgh,gpél?%ui%‘Hca%ﬁeoflﬁhgngbiﬁtibﬂs' ng

st age | asts an a m nute. ses the viscosity of
the sol utimmbelewen 2lbheupa?splounjuspavapnfabouthe ppinb abomeré. gdhepge

whi | e th%afeﬁwgréﬁﬁ%fyoﬁarticles, and the sign of the charge of the

15 slurry particles and the polished surface should be the same
or, in the alternative the surface may be electrically neutral.
These constraints are satisfied in the Example.

The Hersey number is defined as the fluid velocity times

viscosity divided by pressure (as defined by lubrication

20 theory). The Hersey number may be expressed in microns and is
proportional to the square of the thickness of the ligquid £ilm
between the pad and the wafer. The Hersey number may be used
to choose parameters corresponding to the hydrodynamic
conditions of the Example for another polishing apparatus whose

25 mechanical capabilities are not equivalent, e.g., an apparatus
which cannot rotate the wafers at the same speed. Further, the
Hersey number serves to distinguish hydrodynamic conditions
among sub-steps, e.g., between material removal and rinsing.
The Hersey number shown in Fig. 5A is unitless because it is

30 expressed as a relative Hersey number, the nominal Hersey
number being 0.36 in step 3, front surface, the other Hersey
numbers being scaled therefrom. Preferably, when translating
the exemplary process to another polishing apparatus, the
Hersey numbers vary by less than about 50% from those shown in

35 Fig. 5A, more preferably by less than about 25%.



the solution remains substantially the same. The final polishing operation
| asts about 14 m nutes total, and about 0.5 20 mcrons is estimated to be
renoved fromeach wafer. Note the renpval rate depends on the | evel and
type of dopant in the wafer, the renoval estimte being given for on the
order of about 1019 atom cnB of boron in a silicon wafer. Note that the
Debye length (1/K) is a characteristic 26 exponential decay length for
electric field é% electroléts sol uti, ons IS nmeasur e of
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of the planarity, as measured by the distribution of SBIR, is

15 typically increased by no more than 0.075 microns for 99
percent of 26 mm x 8 mm sites in the batch measured by an ADE
9700 machine. The average change in SBIR was found to be below
the resolution of the instrument. With respect to
nanotopography, about 99% of all sites on the wafers polished

20 using this final polishing operation have nanotopography less
than 55 nanometers over 99.5% of the front surface using a 10
mm by 10 mm site as measured by an ADE CR83 machine.

The method of this invention also improves wafer

throughput in that the final polishing is a batch process, as
25 compared to conventional single surface wax mount polishing

wherein only one wafer at a time is processed. In this example

using the AC1400 apparatus, about 38.5 wafers are processed per

hour while allowing 10 minutes for loading and unloading. With

a conventional single surface wax mount polisher, only about 10
30 wafers are processed per hour.

In view of the above, it will be seen that the several
objects of the invention are achieved and other advantageous
results attained.

When introducing elements of the present invention or the

35 preferred embodiment (g) thereof, the articles "a", "an", "the"



15 slurry particles and the polished surface should be the sanme or, in the
alternative the surface may be electrically neutral. These constraints are
satisfied in the Exanple. The Hersey nunber is defined as the fluid
velocity tines viscosity divided by pressure (as defined by |ubrication 20
t heory). The Hersey nunber may be expressed in mcrons and is proportional
to the square of the thickness of the Ii3cﬁ|id film between the pad and the
waf er. The Hersey. nunber, naé/r&?e used to choos %graneters corresponding to
t he hydr amc Torfthi § | PHEted HeP B8aRI 3 ort ot HEre pots s M Ep T at us
whose 25 Heecdlasticads Capei | idiRs edsnpols ey val Bfdludigy! &fd apRar s
whi ch cannot rotate the wafers at the same speed. Further, the Hersey
nunber setRRsIHERAY | HYWRS I ISHSNMARE Y FRdhsSERFBRgRNIRSt eps, e. g. ,
bet ween ngd@rd fdnd ErONahedWl St HSH Nthan Hee Hei seyd nendgensdown in Fig. 5A
is unitless because it is_ 30 expressed as a_re|lative Hersey nunber, the
nonihal Her seyWhiferowbei FRATEISS §91kd iF nade obt SR falkeVet he ot her Hersey
nunber s hei i S6al &shd hel eldem adpaherabl fromhei tsahs abf Nghe t he exenpl ary
process to another polishing apparatus,” the Hersey nunbers vary by |ess

t han aboukM'88%¥qTom tthose ¢4 BRFiyLl spetier et Ere®l I byr¢ ess t han
about 25%p 3 AL SF 5o 1] O €55 Ssh Sng Of i 1k t0-d btSaiPE RO AL R: A b &t &84 1 ANd
the surfaces nore parallel than conventionally polished wafers. The wafers
have equde cknterprefidd e tbkestraniveofandcielentn #ibhnitinersgestaze). As
di scussed above, the final polishing 5 operation of this invention
preferably produces a sem conductor wafer Whaving planar, parallel and
flat surfaces. Typical front surface haze |evels average 0.18 ppmor |ess
with a standard deviation for a batch of wafers of about +/- 0.05 ppm as
measured by an ADE CR80 nmachine. Typical flatness is 10 degraded in the
final polishing operation by no nore than about 0.02 mcrons on any 26 nm
X 8 mmsite as neasured by an ADE



9700 machi ne. The average change in SFQR is excellent in that it is below
the resolution of the instrunment. Deviations from planarity, as neasured
by the distribution of SBIR, is 15 typically increased by no nore than
0.075 mcrons for 99 percent of 26 nmx 8 nmmsites in the batch neasured
by an ADE 9700 nmachi ne. The average change in SBIR was found to be bel ow
the resolution of the instrunent. Wth r¥spect to nanotopography, about
99% of all sjtes on the wafers polished 20 using this final polishing

oper at i or=k&E nanot opogr aphy | ess than 55 nanometers over 99.5% of the
front surface using a 10 mmby 10 mmsite as neasured by an ADE CR33
machi ne. The nmethod of this invention also inproves wafer throughput in

t hat t he WHARAIIDAILARNERR ¥$: a batch process, as 25 conpared to
conventional single surface wax nount polishing wherein only one wafer at a
time is processed. In this exanple using the AC1400 apparatus, about 38.5
waf ers are probesse“cl metrhodh oorf mmméaattlhloimmga 18emi cot@sctor wabdrng and
unl oadi n ventl nal g ace_wax nmopunt polisher, only
Sbout 10 Tt e iRt P Ttk SERedRE . T rB e, i T )
be seen tcftaﬁpﬁmlﬁg?vtgﬁ@lopm@mﬁs afffhe invention are achi eved and ot her
advant ageous results attained. Wen introducing elenents of the present

i nvention or tEPi%OVJS%Hﬁﬂ e riegPredbdreriterJueHer ebrterhalarticles "a",
"an"y "the" ia@fm " [ t n that there are one or nore
of E%he el errent S%érin%éf%ron%%?%g@ C‘?S% udi ng" and "having" are

i ntended to bepromdausing einel weder tthat indes@senyabellattshi ohathel Enent s

ot her than the |i st d eI rﬁg 5_As varlcgus changes coul d be made in the
above coftStrfcti o%‘b‘éﬁ‘?%g 37%m the scope of the invention, it

is intended thatnal |p6@£5§1@{n§0m@.| feshi Nshheac@bgye description or shown i n
t he acconpanyi ng draw ngs shal |

a) positioning the wafer between a first pad and a
10 second pad, and
b) obtaining motion of the front and back surfaces of

the wafer relative to the first and second pads to

maintain parallelism of the front and back surfaces

and to produce a finish on at least the front surface
15 of the wafer so that after cleaning the front surface

is prepared for integrated circuit fabrication.

2. A method as set forth in claim 1 wherein the £final
polishing operation further comprises:
(a) providing a polishing apparatus having a wafer
carrier generally disposed between the first pad and
5 the second pad, 4
(b) placing said wafer in the wafer carrier so that said
front surface faces said first pad and so that said
back surface faces said second pad, the wafer being
free to move relative to the first and second pads,
10 (c) applying a polishing slurry to said pads,
(d) rotating at least one of the carrier, first pad and
second pad for polishing at least said front surface

of said wafer.



be interpreted as illustrative and not in a limting sense. 36 Cains
WHAT IS CLAIMED IS: 1. A nethod of manufacturing a sem conductor wafer
having a front surface and a back surface, the method conprising the
operations of; providing an ingot of sem conductor material; 5 slicing the
wafer fromthe ingot; processing the wafer to increase parallelismof the
front surface and the back surface; and®final polishing the front surface

by: a) positioning the wafer between a first pad and_a 10 second, pad, and
b) obtai ni ng nmoti ot drCtRRAfRBNFCENECPER kIR UFFALBs2 of U ERET WaPBPL i+ 8LATi ve

to the figisd SELONUP iQingebpLatnroardl LeLi 8M-0f LAe éé@BﬁdaﬁngaCk
surfaces and to produce a finish on at |east the front surface 15 of the

waf er so amdttlereby cteaphagraherf rohersinfbbe opsratiepared poevidirgrated
circuit'fqgiigﬁpéoqa 2. A%ngthod aé set_forth in ﬁlain11 ﬁherﬁi t he final
polishind?opera}l%n FRFTHe? c%%%}? %%:Pf%Y1%+%%iE %gsgcﬁg i 8% ngagﬁﬁgr%tus
havimg a svwdel ficaitlerlgener asl ye diBa0SEHe b reen the hhekt spafdadsdorS the
second pad, (b)_placing said wafer in the wafer carrier so that said front
surface fERRsVakeH TPVRECHIEO PR SHrembatalie aBackokakrate Fatakivgi fo

second padhe the-yad %@gig%?réfﬁetﬂg P@Hgtfﬁéaéﬁ%ﬁpggg%ﬂ?%%iféﬁa@ﬂﬂasgﬁgnd

pads, 10 (c) applyi I shing slurry to sal rotatin
| east onena¥indetlearwater $uckttipad swdstsecoatlyadll oof pohesbeénogndt | east
said fr(”%uffgégqgf the wafer is substantially continuously moving
10 relative to the second pad so that deviations in the second pad
do not substantially affect the flatness of the front surface
and such that the front surface and back surface are maintained

substantially parallel after final polishing.

4, A method as set forth in claim 3 wherein during the
rotation step substantially all of the wafer remains between

the first and second pads so that the wafer is evenly polished.

5. A method as set forth in claim 4 wherein said
providing step includes providing a second pad which has
grooves for receiving polishing slurry to inhibit unstable
hydrodynamic lubrication between the second pad and the back

5 surface and a first pad which is a finish-type polishing pad.

6. A method as set forth in claim 2 further comprising
the step of selecting rotation speeds of the wafer carrier, the
first pad and the second pad such that velocity of the back
surface relative to the second pad is less than velocity of the

5 front surface relative to the first pad to inhibit unstable
hydrodynamic lubrication between the second pad and the back

surface to inhibit vibration of the wafer.



of said wafer. 37 3. A nethod as set forth in claim2 further conprising

t he operation of applying pressure to the first and second pads and
thereby to the wafer, wherein the operation of providing a polishing
apparatus includes providing the second pad having a 5 significantly |arger
size than the wafer, the back surface of  the wafer nounted to be
transl at abl e and rotatable relative to i%he second pad, wherein the

rotating step includes rotating and_ noving the wafer such that
substantial ly & | of meehedcdvndrfaEel ot t hk2iRf ervieretbstam ey

cont i nuougl y. JDVI NG &%gé@&%a%/ ch OchhE S8 %W@l@é‘ﬁt?%f hehe deYERL 5QPBa LD the

second pa do not substan y af fect e flatness of the front surface
and such tdbative ﬁmommesa$¢am® prad backessrfler abeupdhalfiopgdthe

bst ant I f I I h . 4. th forth
o e PRE b ol d ool SO CREL, SEL 80k i R VR0 g TP
remai ns between the first and second pads so that the wafer is evenly

polished. 5. A nmethod as set forth in claim4 wherein said 5rOV|d|ng step
i ncl udes prOV|%lng~%.@%%%@@ @%dsﬁhlE%r%%slng?b%#QSGf%¢e¥%k@| Pﬁ@n%thghlng

slurry to g@gp abl n r e ond pad
and the bag sur#g%é ?%ggy égbﬁ%lc% ?%ﬁ%é?i%?s%¥@§%015 |ng
pad. 6. $pm&r@@msasthetsp®ed@ b@lnga$aiéct@dt9@¢hcbn@ti3|pg1nthenstb@ of
selecting r tat eed the wafer carrjer pa nd the
second péﬂag ?%%IEQEIﬁ%fi?wo?h?h%a%%d?atgu?$%ﬂﬁ ?e?%??@ﬁ ?g ?ﬂ% second
pad &s Ieéérfb@ln NEF Ok t ¥hOf wh P€r Shh & 0Bdm ;?yéﬁé&eaﬁei@asweab@ut hesfirst pad
to inhibit unstable hydrodynam c |ubrication between the second pad and

t he back p%mé@teOf othahtotal vinbet opf otarhbeviafefat 8gns 7abaupethed as set

forth ! v GLAL B pher el Dof OLAT ] 9N SRERLS, 8" GuPPheCLAg BHEM P81 1 4R ng

operatlon and such that the wafer velocity of each point on the
wafer surfaces relative to the first and second pads is never

10 equal to zero during polishing.

9. A method as set forth in claim 7 further comprising
the steps of applying pressure to the first and second pads and
thereby to the wafer when polishing is initiated, increasing
the pressure after polisghing is initiated to remove wafer

5 material, thereafter decreasing the pressure to smooth the
wafer, and thereafter further decreasing the pressure during
rinsing to a minimum pressure to maintain wafer stability

during rinsing.

10. A method as set forth in claim 9 wherein various
pressures selected during final polishing are sufficiently low
so that the final polishing operation causes substantially no

crystal structure damage in the wafer.

11. A method as set forth in claim 10 wherein said
providing step includes providing a wafer carrier having a

thickness less than a final thickness of the wafer after fimnal



relative to the second pad is |ess than about half of the velocity of the
front surface relative to the first pad. 8. A nethod as set forth in claim
6 wherein during the rotation step, the carrier orbits a center of the
polishing apparatus, the speeds being selected such that a point on the
waf er does not follow the sanme path about a center of the 5 carrier before
the wafer has conpleted at |east about 289 percent of the total nunber of

carrier rotations about the center of the polishing apparatus during the
final pol POALAHINGpePafPBRISHE SQcRIPARE ZEnRTREFEFSYBRELPEY 1S SGRTH6MNt

on the waharnsHEhaceschekakbiv@eh? thethkheh,aRdh3BseNdRade1l HateUeell
equal to zero during polishing. 9. A nmethod as set forth in claim?7 further

conpri si nformpsienepsdomespplycngopresdnpsirn phether pplastisec sddiryads and

t hereby tg_t.he er when_poli shi ;S initiate i ncreasi ng ;. the pressure
after ol fBRI A3 TsF PrEaebhet S2plisue tharbr hoRerePVar Y, RaPEar COP T2
decr easi ngohBeaptegauhiagt posieathgt.he wafer, and thereafter further
decreasing the pressure during rinsing to a mninumpressure to maintain

wafer stability during rinsing. 10. A nmethod as set forth in claim9

wherein variou 2.pFﬁsﬁéEﬁédsﬁke%%%df@%&h”@nfEﬂakmpﬁ'Mﬁ@&%&n@rﬁiﬁuffiCie”t'y
low so that the final polishing operation causes substantlaFIy no crystal
st ruct ur eptamadengnsthp watéudeslpravidtihgdths peflibbing appelraitmslEree

wherei n sai.d rovi.di ng_st i ncludes, providi,ng a wafer carrier having a
Ut cknoseoFeSeMPRANTE PERGEOFRCRn oL P Lo HaPBP L AF el i ipesd 2t el
pol i shingthe padBl ekethe pbliBhiagPEessUyesadaknsb A8 iBARN pakt3 card
mnimze carrier wear to thereby inhibit harnful particle ormati on and

net aPl i ¢ €6REaRENYEEBNtBE WRESKLl i shing slurry and so that pressure
applied to the wafer by the pads remains constant during polishing.

13. A method as set forth in claim 2 wherein said
providing step includes providing the polishing apparatus
including carrier drive components adapted to be in contact
with the polishing slurry, the drive components and wafer

5 carriers having substantially no fiberglass therein so that

fiberglass particle contact with the wafer is inhibited.

14. A method as set forth in claim 2 wherein the final
polishing operation removes between about 0.1 and 1.5 microns

of wafer material.

15. A method as set forth in claim 2 wherein the final
polishing operation removes significantly less wafer material

from the back surface than the front surface.

16. A method as set forth in claim 2 further comprising a
rinsing operation performed after final polishing of said front
surface is substantially complete, rotation of at least one of
the carrier, first pad and second pad continuing during

5 rinsing, the rinsing operation including applying a rinsing

fluid having a higher viscosity than the polishing slurry



12. A method as set forth in claim2 wherein said providing step includes
provi ding the polishing apparatus free of conposite reinforcing particles
in contact wwth the wafer, the pads or the polishing slurry so as to
inhibit particle 5 contact with the wafer. 13. A nethod as set forth in
claim2 wherein said providing step includes providing the polishing
apparatus including carrier drive conpdﬁ%nts adapted to be in contact

w th thezgglishin slurr%, the drive conponents and wafer 5, carrjers having
subst ant i RFTYEH F3HErRAAR sWERE? eF RSB e HAY TP BePhY aBel psPing 8leshY act

Wi th the yadfdenh Ssd 10 948800 LncAaBE hl’i’?dééd?ﬁémi@rigbiiﬂgﬁlé%m BeWheesi n

the final polishing operation renoves between about O. 1.5 mcrons
of wafer tweefinmgt 0&d andethedfnensesufrbacd ¢h thai walewherehnthae &inal

pol j shing;operatian renmpves significantl ess fer.material .fromthe
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further compréséetd &ndréostingt opiee afront: petfpasedoaf the hpalk pobsshbog of
said front surface is substantially conplete, rotation of at |east one of
the carri®ibstanialbhd @PACaeE orae phir ebrpad Ut We 8 r FABSERS; nsi ng, the
rinsing operation including applying a rinsing fluid having a higher
viscosity than the polishing slurry 40 between said pads while continuing
to apply polishing Blmetlhodbat ween Saridhpiadsciaimnté ewseraydr sdydasteps

| ubricati op between the fiii%hfa urface of the,wa

d d the f t f h
that a 10°0i SRR B HEaRT hEtFo o7 | PEEY o7 NPTV b9 Shpf Boeoieg Fluid”

i ncreaseto@igh sS4 thiad dheeftont surtBeeonéet herwehed do8SiAgtoperation,
substantially contact the first pad during r|n5|n%: 17. A nmethod as set
1h

forth in andivhaeithe?rai® SbeR Qf epRPLvinapphyi Pelineipgl PEWFAY sFurry and
appl yi ng E&m{éﬁé&‘%ﬂéff' he OFEELr A ot DR SAIR 141 Py 3L LBE OPE ELe Ple SR

rinsing opera
the first and second pads.

18. A method as set forth in claim 16 further comprising
the step of selecting rotation speeds of the wafer carrier, the
first pad and the second pad such that velocity of the back
surface relative to the second pad is less than velocity of the

5 front surface relative to the first pad to inhibit unstable
hydrodynamic lubrication between the second pad and the back
surface of the wafer such that a distance between the second
pad and the second surface is not increased during rinsing and

so that the wafer remains stable during rinsing.

19. A method as set forth in claim 18 further comprising
the step of channeling the rinsing fluid in the second pad from
between the back surface and the second pad to inhibit unstable
hydrodynamic lubrication between the second pad and the back

5 surface of the wafer.

20. A method as set forth in claim 16 wherein the rinsing
operation includes selecting the rinsing fluid having a

viscosity at least 2 times greater than the viscosity of the



and wherein said step of applying the polishing slurry is 5 term nated when
the wafer is substantially stable relative to the first and second pads.
18. A nmethod as set forth in claim16 further conprising the step of
selecting rotation speeds of the wafer carrier, the first pad and the
second pad such that velocity of the back surface relative to the second .
pad is |l ess than velocity of the 5 froftlsurface relative to the first pad

to inhibit unstable _hydrodynam ¢ | ubrication betwen the second pad and
t he back PRtiFRiRe of L eheY nafeeret nteparins gt hhedd paiderfl t ailecond pad

and 4 he %&P&%J@C&rhflwttérﬂﬁéfmgxméw ﬂé‘é&é‘ﬂt?”gs fQaLhiAlg! he

waf er remai ns 'stable during rinsing. 19. nmet hod as set forth in claiml18,
further corprisisigngthbusdepnoiudhagnedlygtinbene nekihdef fordinpreasinsgcond
pad from. between the ck. surfac nd t he .second pad to inhipit, unstable
iy ody ndR T | D BT LR E TRt P el ahl THECBEEKCE S0F (IeETh:
the waf eran@0:hd\ fetdOdoas. set forth in claim 16 wherein the rinsing
operation includes selecting the rinsing fluid having a viscosity at |east
2 times greater than the viscosity of the 41 polishing slurry, wherein the

rinsing fluid d | 1 shy S r e: Si A e r ;
Vi scosigty i's n%i;éuggd‘%lé%ﬁ(g %IS n%%%gy??ﬁ(dlﬁ?h@%%%n% %@%@%ﬁy?@ﬁé@gﬁ%‘&% for
i ncr easi nthe hyttksw dyhasppl ity i & atinaibet ibehd thetheent thar pade aftéhe waf er

and the first pad. 21. met hod set forth in claim?2 further conprising
The step BALLMISH EF P PRERRGLF ] bY (LB TR TReCBatioR aF PN LLEEF| ohing | o

subst ant i @1y LOPL 8¢ Bu§Pnd hehe as1 €8 t4NEG 8O HihOMGNEL UdlinEathg slurry
and the rinsing fluid has a 5 buffered pH between about 8.8 and about 10. 8.

22. A nethiobfered vl forttieen ebaitn 218 whed eilpoethel?i si ng operation
i ncludes selecting the rinsing fluid adapted to

22. A method as set forth in claim 21 wherein the rinsing
operation includes selecting the rinsing fluid adapted to
inhibit agglomeration of silica particles in the slurry and to
protect the wafer against damage caused by highly caustic

5 liguid remaining in the pad after rinsing.

23. A method as set forth in claim 21 further comprising
the steps of stopping rotation of the carrier, first pad and
second pad, removing the wafer from the polishing apparatus and
spraying at least the front surface of the wafer with an

5 aqueous solution including polyethylene oxide for inhibiting

particle adhesion to the front surface.

24. A method as set forth in claim 23 further comprising
the step of immersing the wafer in a bath after final polishing
to remove particles from the wafer and to maintain a passive
oxide layer on the front surface of the wafer while unloading

5 wafers from the apparatus.

25. A method as set forth in claim 2 further comprising

the steps of applying an alkaline solution having a pH of at



i nhibit agglonmeration of silica particles in the slurry and to protect the
waf er agai nst damage caused by highly caustic 5 liquid remaining in the pad
after rinsing. 23. A nethod as set forth in claim21 further conprising

the steps of stopping rotation of the carrier, first pad and second pad,
removi ng the wafer fromthe polishing apparatus and spraying at |east the
front surface of the wafer with an 5 aq us solution including

pol yet hyl ene oxide for inhibiting particle adhesion to the front surface.
24." A methoWhs2R]EE T b2t ROi AT cf 8RAT 230¢ uPE hele cBABFi 3NAgaPPh¥iBTep of

in“EVSingpf§§sM@$eEoiEhé_Q&EQraéiﬁﬁl%éﬂ@&u@?&hﬁb?ﬂga$ﬁ9iEgﬁggﬁr8§r££8|es

fromthe wafer and to maintain a passive oxi ayer-on t ont surface
of the wadEralhn¢ esohhibadinngosdiaéelgefaonl ¢ast appaecadfisth@5poAigkihgd as

set forth_q |ajm 2 further conprising the steps.of . applyin n al kal i ne
sol ution %%@?%ﬁ %ﬁ% %% g?giﬁ angaéﬁe tciﬁs?ogé%l?%ﬁsgc¥ﬂegB$ t he pads
and appl ypdlQys pPI eSsdr&ci@ tbebaadeposi tadit anegusi ¥autt Bnappki €ati padsf the

5 al kaline solution to dissolve at |east sone of the polishing slurry and
the wafer and thereby cause silicic acid and polysilicic acid to be

deposi ted on aﬁG!eaﬁFmQ@ﬁo&faéh§é@?ﬂ§T5%6inAbf§%ﬂog ﬁﬁe?ginfeﬁ hinclaiml

wherein the processing operation inc es sinultaneously rough polishing
t he frontprockedackg sopéngesonf ithbudad esimuwheareoushe retyodpdbishtre of

any materj.al renpval eration petween_said 5 sinultaneous rough polishing
operatioﬂﬂﬁﬁdég%?ﬁ ??%a a%%l?%ﬁf% esd%%rg??d%ag?ﬁerw?ﬁﬁﬁlﬁlE%%iﬂﬁt?ﬂ@ 1s

wafer, angradiesidny "eat QB0 POhdSA NG OPLE Bbh OB POLSYCES1 @ Substantially
mrror finish on at |least the front surface, the rough polishing operation

bei ng peFiwHiherneous Fough polishing cpprabieon and sabdffhadl 1WobbshEhyng

oper ati Orbd S AT 401 OB L N flard CCPOC, AL T S N r APPALAR UinePOLE ARRABLYS
bei ng adapted to sinultaneously batc
polishing operation produces a substantially mirror finish on
at least the front surface, the rough polishing operation being
performed in a first polishing apparatus and the final
10 polishing operation is performed in a second polishing

apparatus, both apparatus being adapted to simultaneously batch

process multiple wafers.

27. A method as set forth in claim 26 wherein the final
polishing operation removes material simultaneously from both
surfaces of the wafer, the material removal during final
polishing being between about 0.1 and 1.5 microns of wafer

5 material.

28. A method as set forth in claim 26 wherein the method
is free of a single surface polishing operation wherein the

back surface is substantially fixed against a backing surface.

29. A method of polishing a semiconductor wafer having
front and back surfaces comprising:

applying a polishing slurry to a pad,



process nmultiple wafers. 27. A nmethod as set forth in claim26 wherein the
final polishing operation renoves material simultaneously from both
surfaces of the wafer, the naterial renoval during final polishing being
bet ween about 0.1 and 1.5 mcrons of wafer 5 material. 28. A nethod as set
forth in claim26 wherein the nethod is free of a single surface polishing
operation wherein the back surface is sﬁ%stantially fi xed against a
backi ng surface. 29, A nethod of polishing a sem conductor wafer having
front and back*St#fHedsto ??Eiﬂ%@ abpFyEngebepopridnPAg SPUPPYiEB &tpad,
43 sotatiggs@loheast 98€305utPe-¥8fsF 8Rd Pafet0 polish at 5 |east one of
said surfaces of the wafer, rinsing the wafer by applying a rinsing fluid
to the pad afrerspodisheéngaferibyrapstyhydradynnsgingl Gbnidatbohhbepaden

t he waf er . o_maintain a solution including the slurry and the
st ng. 1A or B90L Sha el i 1 2ad, SRarb Bt 0 9o B sk Eanonetdeg " uch
that the slod urdber i sandopadct andttothginvaierai Soalikabhnenanddsaghthbat
silica aggloneration is [nhibited. 30. A method as set forth in claim29
wherein t ur%%l%?gomh%agl%Sbmgb%%%k%na%b%u?uéf%rﬁﬁdpﬁbﬁﬁtbQDW8¢n3§bO%F
Methed asysetad@rdfouf £1 86 Med VIRLe! fnd NEo1heoNdin! bihilabckigRS AR act d
sel ected fromthe group consisting o phosphoric acid an oric acl

havi ng a pkEebeiswehkabbue #d sard ahaut s1Disaaadghobasatsehetted fromthe
group confisjin% %f 5 potassi um hydr oxi de, sodi um hydr oxi de,
tetranethfy%%ﬁb TUm hydr oxi de and ammoni a, the base in conbination with
the acid formng a pH buffer against caustic fluid | eaching up through

the pad to inhibit damage to the wafer. 32. A nethod as set forth in claim
29 wherein apptyi ng® met od as set forth in claim 29 wherein the

solution has a pH between about 8.8 and about 10.8.

31. A method as set forth in claim 29 wherein the rinsing
fluid includes an acid selected from the group consisting of
phosphoric acid and boric acid having a pka between about 6.9
and about 10.5 and a base selected from the group consisting of

5 potassium hydroxide, sodium hydroxide, tetramethylammonium
hydroxide and ammonia, the base in combination with the acid
forming a pH buffer against caustic fluid leaching up through

the pad to inhibit damage to the wafer.

32. A method as set forth in claim 29 wherein applying
the rinsing fluid forms a layer of silicon oxide on said front
surface to thereby passivate the surface and inhibit alkaline

etching.

33. A method as set forth in claim 29 wherein the rinsing
operation comprises the following substeps:
1) continuing application of the polishing slurry to the
pad while simultaneously applying a rinsing fluid to
5 the pad, the rinsing fluid including a pH buffering
fluid and a polymer,



the rinsing fluid forns a |layer of silicon oxide on said front surface to
t hereby passivate the surface and inhibit al kaline etching. 33. A nethod
as set forth in claim29 wherein the rinsing operation conprises the
foll ow ng substeps: 1) continuing application of the polishing slurry to
the pad while sinultaneously applying a rinsing fluid to 5 the pad, the
rinsing fluid including a pH buffering 44 uid and a pol yner, 44 2)

st oppi ng application of the polishing slurry while continuing application
of the rinsing¥f| uitFIRPINE SRR ClRP °B) ChRidP A SR HRAS sFVRFF B R bhPonent
to the rinsing 1l U'é’ont‘fﬂﬁuﬂ?@%ﬁ?ﬂé‘&ti&?_cﬁf%ﬁeSﬁiﬁéﬁ%aﬂﬁh{‘étt@ kgkine
etching. 34. A nethod as set”forth in claim 33 wherein The pH buffering
fluid includes an amd, sstdcted fromthe group consisting of phosphoric
acid and boric, acid, ,and includes base selected fromithe group consisting
of bt assi um HYdr oxd HEEEI 57 ST T RO AL ORELT arRt HiyT afhht e ﬁy’%ﬁ’ xi de,
and ammoni a, the pedynEisderagifel vies hftene oxitlecahighihser£aBebihde
fluid viscosity and inhibits slurry aggloneration. 35. A nethod as set
forth in claim34 et ei®e polishing of the wafer is performed in a
pol i shing apparatus adapted to sinultaneously polish the front and back
surfaces of the wafer, pressure being applied to the wafer by a first pad
and a second 33%ad,A presisat eaappdt efotrioht e phalins3? eduerdinntsabgiiep 1 of
the rinsing operation to, |less_than about 2 kPa. 36. A nethod as set forth
in claim i o o P HEReR ofn TRt Feltetndofisty THoF SRR n a bat ch
pol i shi NGoPPR MYSof tHCoNHEF Sc DEENY DAGShyAL €0adid | Ngnd | NSENEAES base

protect the wafer surfaces Tfromdamage after polishing is . ,
selected from the group consisting of potassium hydroxide,

5 sodium hydroxide, tetramethylammonium hydroxide, and ammonia,
the polymer being polyethylene oxide which increases the fluid

viscosity and inhibits slurry agglomeration.

35. A method as set forth in claim 34 wherein polishing
of the wafer is performed in a polishing apparatus adapted to
simultaneously polish the front and back surfaces of the wafer,
pressure being applied to the wafer by a first pad and a second

5 pad, pressure applied to the pad is reduced in substep 1 of the

rinsing operation to less than about 2 kPa.

36. A method as set forth in claim 35 wherein multiple
wafers are simultaneously polished in a batch polishing
apparatus, the wafers being passivated during rinsing to
protect the wafer surfaces from damage after polishing is

5 complete.

37. A method of polishing a semiconductor wafer having
front and back surfaces comprising:

placing the wafer in position for polishing by a pad,

conditioning the pad by applying a solution including

5 polishing slurry containing silica particles and an alkaline



5 conplete. 37. A method of polishing a sem conductor wafer having front
and back surfaces conprising: placing the wafer in position for polishing
by a pad, conditioning the pad by applying a solution including 5
polishing slurry containing silica particles and an al kaline 45 conponent
to the pad and having a pH of at |east about 12 to dissolve silica
particles to formsilicic and polysilici%5acids that are deposited on the

pad to reduce friction between the wafer and the and 10 rotating at
| east oneCHPPRHE naf2rtBRPPARRAABPRYi AgPH pPesd r%e%%ttﬂéouhfé% 8

pol i sh atg] gasivong; picgabareveiacess Phrhng:i YRELE- a38. p PBLNOd; 8SaE8ks

forth in claim 37 wherein the solution in contact wth the wafer has a pH
of at |eashaabaom ddBosB9edonethedrasd setréducd fnictadm BZtwhenethet he
pad is con |t|on d S|nuléaneogsly with initiation of pressure against the
waf er, intteasi WY t%%ep?% sufé“after the conditioning step is conpleted to

renpye wafer nf@t%ttﬂlg éﬂﬂel@@éteénée@fe@ﬁén@aﬁeﬁr&&é%@dt@n&n@@pmyiihg| east
the front surface of the wafer, the _pH of the solution_ in contact wth the

waf er be.@@@%%%?%a%%dt%9 W@@%?eEglﬁﬁl%ﬁ% afokfeshf ormechl kAL nEUESABBRent
after mﬁ Eh@”&& -pPf the pad is conplete. 40. A nethod as set forth in
claim 37 erern t e step of placing the wafer includes placing the wafer
in a polishing apparatus between flrst and second pads, pressure being

applied to the wafer ads ressure, durin ad,conditioning 5
bei ng | ess t hah® or'%qﬁﬁgh?% %goﬁ?t ng i 8 Siaémnﬁ%|%ﬂ§¥ bFeEgﬁre appl i ed
during fI@@iu@péﬁSDhna@nEQ@tp@@@ﬁUtﬁea&aﬁér £98dht HenbRgabeiagstngpeased to

polish the wafer. 41. A method as set forth in claim37 further conprising
13.

39. A method as set forth in claim 37 wherein the pad is
conditioned simultaneously with initiation of pressure against
the wafer, increasing the pressure after the conditioning step
is completed to remove wafer material, thereafter decreasing

5 pressure to smooth at least the front surface of the wafer, the
PH of the solution in contact with the wafer being decreased by
decreasing the amount of the alkaline component after

conditioning of the pad is complete.

40. A method as set forth in claim 37 wherein the step of
placing the wafer includes placing the wafer in a polishing
apparatus between first and second pads, pressure being applied
to the wafer by the pads, the pressure during pad conditioning

5 being less than or equal to about one-third of a maximum
pressure applied during final polishing, the pressure after

conditioning being increased to polish the wafer.

41. A method as set forth in claim 37 further comprising
the step of providing a polishing apparatus including carrier
drive components in contact with the polishing slurry, the

drive components and wafer carriers having substantially no



the step of providing a polishing apparatus including carrier drive
conponents in contact wwth the polishing slurry, the drive conponents and
waf er carriers having substantially no 46 5 conposite reinforcing
particles therein so that particle contact with the wafer is inhibited. 42.
A nmet hod of handling sem conductor wafers after processing the wafers in a
processi ng machi ne conpri sing: reaning4%ach wafer fromthe batch
processi ng machjne, spraying a first_solution onto a front surface of each
5 waf er vEPERPEHDr FRIEECTRENT oAt t st eackharei R nBPbFRAL pRRrEFEFES adhesi on

to the front: s facen éﬁe ﬁhﬁ@£h9g Pﬁhfﬁlté@fth in claim42 further

conprising the step of I mersing each wafer in a second solution to renove
particles fromeach wafer and to naintain a passive oxide on the front

surface of each,wafer. 44. .A thod.as set forth in claim43 erein the
P LRoC ol utr ke o e ad a0 86 Sl b it o Ra PR e R e E
i ncl udes @r@@éé/é@ﬁ% ehbagerand an 9xpebaessidg. mdchBh80domprsgingorth in

claim43 wherein the first solution is an aqueous sol ution including
pol yet hyl ene ok¢WevVingneedhevafeart feonctlbadoabtlut PEACeSs Rg agaedilsesol ution

el udi g POl Vel BRE 0k fifs: AUPAL PoANG, ) L OBERLPOLOKEDE, dF- <AL
apparatus for iIshing sem conductor waf'ers ~conprising: upper and | ower
pl at®ns awdaptedihioch cddserhndte otheufitontipperfane dodeinpadstsrespettigel y,

t he | ower ggd adapted to _5 nnuntﬁg waf er carrier thereon, means for
appl yi ng &RGFHT orP t o hEr PSS UHBF ST - carrier drive components for

rotating the wafer carrier, the solution contacting exposed portions of

the drive conponents during polishing, the drive conponents exposed to 47
43. A method as set forth in claim 42 further comprising

the step of immersing each wafer in a second solution to remove
particles from each wafer and to maintain a passive oxide on

the front surface of each wafer.

44. A method as set forth in claim 43 wherein the first
solution includes a polymer, and wherein the second solution

includes a polymer, a base and an oxidizer.

45. A method as set forth in claim 43 wherein the first
solution is an aqueous solution including polyethylene oxide,
and wherein the second solution is an aqueous solution

including polyethylene oxide, ammonia and hydrogen peroxide.

46. An apparatus for polishing semiconductor wafers
comprising:

upper and lower platens adapted to rotate and to mount
upper and lower pads, respectively, the lower pad adapted to

5 mount a wafer carrier thereon,

means for applying a solution to the pads,

wafer carrier drive components for rotating the wafer
carrier, the solution contacting exposed portionsg of the drive

components during polishing, the drive components exposed to



10 contact by the solution having no conposite reinforcing particles
therein so that particle contamnation of the solution and the wafers is
inhibited. 47. An apparatus as set forth in claim46 wherein the wafer
carrier has no conposite reinforcing particles therein and is made of
nmetal with PVDF inserts. 48. An apparatus_as set forth in claim46 wherein
the drive conponents contacted by the s®lution are made of nylon.

10 contact by the solution having no composite reinforcing
particles therein so that particle contamination of the

solution and the wafers is inhibited.

47. An apparatus as set forth in claim 46 wherein the
wafer carrier has no composite reinforcing particles therein

and is made of metal with PVDF inserts.

48. An apparatus as set forth in claim 46 wherein the

drive components contacted by the solution are made of nylon.



