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Polishing pad and method for polishing a semicondector

watfer

The invention relates to a polishing pad and to a

nethed for polishing a semiconductor wafer.

The semiconductor wafer to be polished is usually a
silicon wafer or .a substrate having layer structures

derived from silicon {e.g. silicon-germanium). Said

silicon wafers are used in particular for producing

semiconductor components such as memory chips (DRAM),

- microprocessors, sensors, light emitting diodes and

many more.

The requirements made of silicon wafers for fabricating
in particular memory chips and microprocessors are
becoming more and more stringent. This concerns firstly

the.crystal properties themselves {e.g. with regard td
the defect densities, Iinternal getters for trapping
metallic ‘impurities), Dbut in particular also the
geometyry and the flatness of the wafer. AR silicen wafer
nhaving Twe perfectly .plane-parallel sides, excellent
flatness in particular on that side of the silicon
wafer on which components are to be fabricated, and low
surface roughness would be desirable. It  would
furthermore be desirable to be able to wutilize the
entire zrea of the component side, which is curréntly
not possible on account of a decrease in thickness at
the edge of the wafer and poor geometry in the edge

region.

It 1ls known that the conventicnal methods for polishing
semiconductor wafers are responsible for this edge
roll-off. These include firstly double-side polishing
(D8P}, which provides for simultaneously polishing both

sides of a semiconductor wafer by means of a polishing
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pad with the supply of a polishing slurry as removal
polishing, and chemical mechanicsal polishing (CMP),
which, by contrast, comprises a final polishing only of
the front side ("component side"}- using a softer
polishing pad as so-called haze-free pelishing
("fipishing"}. In both these polishing processes, the
abrasives are supplied in the form of a volishing agent

slurry.

What iz relatively new in  the polishing of
semiconductor wafers, but has already been known and
well understood for a fairly long time in the.
components industry, i1s so-called "fixed abrasive
polishing™ ({FAP] technology, in which the semiconductor
wafer is polished on a pelishing pad ceontaining an
abragive substance bonded in the polishing pad ("fized-

abrasive pad®).

A polishing step in which such an FAP polishing pad is
used is referred to hereinafter for short as FAP step.

An essential difference from DSP and CMP is the fact
that the polishing pad comprises no abrasives in DSP
and CMP.

The German Patent Rpplication DE 102 007 035 266 Al
describes a method for polishing a subsirate composed

of silicon materizl, comprising two polishing steps of

FAP type, which differ in that, in one polishing step,

a polishing agent slurry containing non-bonded abrasive
material as a solid material is introduced between the
substrate and the polishing pad, while in the second
polishing step the polishing agent slurry is replaced
by a polishing agent solution that is free of solid

materials.
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As already mentioned above, semiconductor wafers polished
in accordance with the prior art exhibit an undesirable
decrease in their thickness in the edge region (edge roll-
off) .

The edge geometry is usually quantified by specifying one or
more edge roll-cff parameters which usually relate to the
total thickness of a silicon wafer or to the edge geometry of
its front and/or rear gide and which can be used to
characterize the customarily observed decrease in the
thickness of the silicon wafer in its edge region or the
flatness of front and/or rear side of the gilicon wafer
likewige in itg edge region. A method for measuring the edge
roll-off of silicon wafers is described in Jpn. J. 2Appl.
Phys. Vol. 38 (1999), pp. 38-39.

The object of the invention is achieved by means of a method
for polishing a semiconductor wafer, wherein, in a first step,
the rear side of the semiconductor wafer is polished by means
of a polishing pad comprising fixedly bonded abrasives
having a grain size of 0.1-1.0 um, and with the supply of a
polishing agent which is free of solid materials and which has
a pH value of at least 11.8, and, in a second step, the front
side of the semiconductor wafer 1s polished, wherein a
polishing agent having a pH value of less than 11.8 1is
supplied.

According to an aspect of the invention, there is provided
a polishing pad for wuse in apparatuses for polishing
semiconductor wafers, comprising a layer containing fixedly
bonded abrasives, a layver composed of a stiff plastic and
also a compliant, non-woven layer, wherein the layers are
bonded to one another by means of pressure-sensitive
adhesive layerg, wherein the layers are situated in
succegsive order of the compliant laver, the layer composed
of a sgtiff plastic and the layer containing abrasives or in
successive order of the layer composed of a stiff plastic,
the compliant layer and the layer containing abrasives.



The inventor has recognized that when polishing the rear
gide of the semiconductor wafer wusing a polishing pad
comprising fixedly bonded abrasives and also an abrasive-free
polishing agent having a pE of greater than or equal to
11.8, the edge roll-off o©f the thickness of the
semiconductor wafer that is observed 1in conventional

polishing methods does not occur,
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rather the semiconductor wafer polished in this way
gven has an increase in the thickness at the edge. It
hag bzen found that the pH wvalue of the polishing zgent

is the crucisl criterion in this regard.

By means of a subsequent process of polishing the front
side using a polishing agent that has to have a pH
vaiue of less than 11.8, an outstanding edge geometry
of the semiconductor wafer can be produced irrespective
of whether the polishing pad contains fixedly bonded
abrasives or whether it is free of abrasives (like

conventional CMP polishing pads).

This 1s due to the fact that FAP methods using

polishing agents having a pH of less than 11.8, in a
similar manner to conventional CMP polishimg"methéds
{which are largely independent of the pH value of the
polishing agent), tend toward producing an edge roll-

off.

Since, however, an increase was previously produced at
the edge during the polishing of the rear side, the
polishing of the front side results in a compensation

of these two effects,

This results in a2 semiceonductor wafer having no edge

roll-off of its thickness whatsosver.

2 long-standing need is thus satisfied, especially
since precisely the edge roll-off and the poer gesometry
in the edge region of the wafer were responsible ifor
the fact that rather than the whole wafer area, only a
wafer area minus a specific edge exclusion (2-3 mm) was
able to be utilized for the production of components. A
nhuge increase 1in productivity can be expscted as a

result of this invention, since, Dby means of the



10

15

20

25

30

35

invention, the edge exclusion is reduced practically to
zero and a semiconductor wafer in which the entire
wafer area can be utilized is actually made accessible

for the first time.

The  invention was not suggestéd by the priocr art.
Zlthough it was known £from DE 102 007 035 266 A1 to
employ FAP using polishing agents in the alkaline range
of pH 10-12, the method claimed thersin necessarily
provides two FAP polishing processes, one with and one
without polishing agent containing abrasives, on one
and the same side of the semiconductor wafer. The
combination of an FAP polishing process on the rear
side and & second FAP or CMP polishing process on the

front side of the semiconductor wafer is not disclosed.

Moreover, it wasrnot_racognized in the prior art that
at a pH of greater than or egual to 11.8 a selective
material removal resulis by wvirtue of less matsrial
being removed in the edge region of the semiconductor
wafer than e.g. in the center of the semiconductor
wafer. There 1s alse no reason to carry out -
investigations in this regard since the person skillsd
in the art previously assumed that the pH value both in
the case of FAP and in the case of CMP oould not have
such & selective effect, but rather chemically supports
or amplifiss the mechanical removal by the abrasives
bonded in the polishing pad in the case of FAP and
cherically supports or amplifies the mechanical removal
py the abrasive materials contained in the polishing
agent in the case of CMP, and this chemical support or
amplification takes place uniformly over the entire

watfer area.

The fact that this turns ocut to be guite different in
the case of FAP and the pH value of the polishing agent
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allows such a selective removal i1s surprising. The fact
that FAP technology could be suitable for practically
completely eliminating the sdge roll-off that otherwise
always occurs in all polishing methods was by no means
foresesable. Thoss  skilled in the art previocusly
assumad that it 1s necessary to keep the material
removals Iin any polishing methods as small as possible
and to attempt, by means of concave or convex polishing
of the-samiconductor wafer, to restryict the edge roll-

off as far as possible to the outermost sdge region.

Accordingly, the edge roll-off in polished wafers was

accepted as given.

In subsegquent epitaxy steps, attempts were made in the
prior art to compensate for said edge roll-off in

pretreatment steps in the epltaxy reactor.

Other attempts to remove the poor geometry in the sdge
region by edge grinding do not censtitute a suitable
sclution, especially since the damage produced at the
edge in the process, during handling, constituotes a
virtually intractable problem, that is to say that the
adge grinding would in any event have to be followed by
an edge polishing process. Although this would be
suitable £for removing the edge roll-off after DSP, an
edge roll-off would be established again aftér a later
CMP step, such that this hardly proves to be economic

either.

Thus, the method claimed here constitutes the only
possibility for providing a finely polished wafer
{after CMP or FAP of the front side) without such an
edge roll-cff directly after the polishing of the front

gide and without any additionzl measures.
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In the course of the production - becoming ever more
important - of wafers having outstanding geometrical
and nanotopological properties - specifically in the
context of the 22 nm design rule requirements
{according to ITRS = "International Technology Roadmap
for Semiconductors") - and with regard to the
progressive enlargement of the wafer dlameter
{transition f:om 300 nm to 450 nm), it was important to

develop polishing methods that meet these reguirements.

Especially in the context of obtaining the requisite
geometry, here primarily the wafer eodge geometry and
the nanotopology, it had already been apparent for =z
fairly long time that z material-removing conventional
chemical ﬁechanical polishing {CMP) would no longer be
able, in terms of process engineering, to meet thess
requirements, in particular with regard to the edge
roll-off of the semiconductor wafer and, assoclated
herewith, the edge exclusion or the area on the
semiconductor wafesr that can be utilized with regard toc
the required geometry properties (the person skilled in

the art also uses the term "fixed quality area™).

The polishing process according to the invention using
a polishing pad comprises fixedly bonded abrasives in
the claimed range of pH wvalues iz carried ouf sither in
the context of a single-side polishing cf only the resar
side or in & simultaneous double-side polishing

process.

During the method, the pH wvalue can be varied or can be
set to a constant wvalue, depending on the initial
geometry of the semiconductor wafer to be polished.

A two-stage FAP, embodied as seguential polishing of

the rear and front sides, by means of a polishing pad
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comprising fixedly bonded abrasives, i1s especially

"preferred.

In this case, the two polishing processes, that is to
say the rear side polishing and the front side
pelishing, can be coordinated with one another, such
that targeted influencing of the wafer geometry and
wafer nanotopology, especially in the wafer edge

region, can be performed.

For this purpcse, accoxding to the invention, the rear
side has to bes polished using a different pH value than
the front side.

Thus, by superposing the two polishing profiles (front
side and rear side), in particular a very specific
resultant edge profile can be produced and the edge
roll~cff can ideally be reduced to zero. '

The variation of the pH value is thus used according to-
the invention for changing the thickness profile at the

outer wafer edge.

By contrast, the diverse chemical mechanical polishing
methods, irrespective of the way in which the method is
carried out {double-side pelishing, single—-side
poliéhing, removal or haze-free polishing}, are carried
out using a fixed pH value. Targeted influencing of the
geometry in the edge region of the semiconductor wafer

is thus precluded.

The method according to  the invention affords
advantages in particular for the polishing of
semiconductor wafers of the new technology generation
having a diameter of 450 mm, especially since the

problems o©f the geometry in the edge reglen with the
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use of conventional polishing methods are accentusted
in the case of such large diameters. The pH-controlled
rpolishing, as claimed in the method according to the

invention, eliminstes these problems.

The method according to the invention leads o an
improvement in the geometry in the outer edge region of
the semiconductor wafer, in particular in a range of a
distance of less than or egual to 10 nm, partiéularly
preferably in the range of less than or egusl to 5 mm

with respect to the edge of the semiceonductor wafer.

The polishing agent sclution during the polishing of
the rear side of the semiconductor wafer preferably
comprises compounds such as sodium carbonate (Na,l0:),
potassium carbonate (K:C03), sodium hydroxide (NaCH),
potassium hydroxide (KOH), ammonium hydroxids (NH,0H),
tetramethylammonium hydroxide (TMAH} or any desired

miztures thereof.

The proportion of the stated compounds in the polishing
agent solution 1s preferably 0.01 to 10% by weight,
particulariy preferably from 0.01 to 0.2% by weaight.

The use of potassium carbonate 1s especizlly preferred.

The pH value of the polishing agent solution is at
least 13.8.

The polishing agent sclution can furthermere contain
one or meore further additives, for ezample surface-
active additives such as wetiting agents and
surfactants, stabilizers acting as protective colloids,
preservatives, biccides, aleohols  and  complexing

agents.
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In the method acccrding'to the invention, a polishing
pad containing an abrasive material bonded in the
polishing pad (FAP or FA pad) is used during the

polishing of the rear side.

Suitable abrasive materials comprise for example
particles of oxides of the elements cerium, alurinum,
silicon, zircenium and particles of hard materials such

as silicon carbide, boron nitride and diamond,

Particularly suitable polishing pads have a surface
topography shaped by replicated microstructures. These
microstructures ("posts") have for example the form of
columns having a cylindrical or polygonal cross section

or the form of pyramids or truncated pyramids.

More detailed descriptions of such polishing pads are
contained for example  in WO $2/13680 AL and
US 2005/22755%0 Al.

The use of cerium oxide particles bonded in  the
polishing pad is pearticularly preferred, c¢f. also
USE602117BL. i

The average particle size of the abrasives contained in
the FAP ©polishing pad 1s preferably 0.1-1.0 pm,
particularly preferably 0.1-0.6 um, and especially
preferably 0.1-0.25 um.

A polishing pad having a multilayered construction is
particularly suitable for carrying out the method. One
of the layers of the peolishing pad is compliant in this
case. The pad height can thus be adapted and follow
zontinuous transitions. The compliant layer is

preferably a non-woven layer. A layver composed of
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poivester fibers impregnated with polyurethane is

particularly suitable ("non—woven™).

The compliant layer preferably corresponds +o the
bottom-most layer of the pelishing pad. Situated above
it is preferably a foam layer composad of polyurethane,
for exemple, which is fixed on the compliant layer by
means of an adhesive layer. Situated above the PU foam

g

is a layer <composed of a harder, stiff maﬁerial,
preferably composed of a hard plastic, for which
polycarbonate, for example, is suitable., Situated above
this stiff layer is thes layver havinmg the micro-
replicated structures, that iz to say the actual fixed

abrasive layer.

However, the compliant layer can also be situated

between the foam layer and the stiff layer or directly

underneath the fixed abrasive laver.

The various layers are fixed %o one another preferably

by'means of przgsure-sensitive adhesive layers (PSA).

The inventor has recognized that a polishing pad
without the PU foam layer that i1s alwavse present in the
prior art of FAP polishing pads leads to good results.

In this <ase, the polishing pad comprises a layer
having the microreplicated structures, a compliant
layer and a layer composed of a stiff plastic such as
polycarbonate, wherein the compliant layer can be
gither the middle or the bottom-most layer of the
polishing pad.

These novel polishing pads are suvitable in particular
for use in a mwmulti-plate polishing machine {AMAT
Baflaction from Epplied Materials, Inc.). This
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poliéhing machine comprises a 5 zone membrane carrier,
which permits the pressure profils ¢f the carrisr o be
setl diffeﬁeﬁtly in 5 zones. In conjunction with the
compliant polishing pads, this leads o outstanding
results with regard to the gecmetry of the polished

wafers.

A polishing agent containing abrasives 1is preferably
used during the peolishing of the front side of the
semiconductor wafer.

The ©proportion of the abrasive material in the
polishing agsnt slurry 1is preferably 0.25 to 20% by
weight, particularly preferably 0.25 to 1% by weight,

The size distribution of the abrasive material

particles is preferably monomodal in nature.

The average particle size is 5 to 300 nm, particularly

preferably 5 to 50 nm,

The abrasive materizl comprises & material <that
mechanically removes the substrate material, preferably
one or more of the oxides of the elements aluminum,

cerium or silicon.

A polishing agent slurry containing colloidally

disperse silica 1s particularly preferred.

The polishing agent slurry preferably contains added to
it additives such as sodium carbonate {Na,C03}),
potassium carbonate (K003}, sodium hydrozide (HadH),
potassium hydroxide (KOH], ammonium hydroxide (NHOH),
tetransthylammonium hyvdroxide (TMAR)



[63]

10

20

25

30

35

._.13_

However, the polishing agent slurry can contain one oz
more further additives, for example surface-active

additives such as wetting agents and surfactants,

‘stabillizers acting as protective colloids,

preservatives, biocides, alecchols and complexing
agents.

The pH wvalue during the polishing of the front side
must be less than 11.8,

The pH value preferably lies in the range of 10-11.5.

A polishing pad comprising no fixedly bonded abrasives
iz preferably used during the polishing process.
Cbnventional CMP polishing pads are suitable for this
purpose. The CMP polishing pads used are pélishing pgds

having & porous matrix.

The polishing pad preferably comprises a thermoplastic
or heat-curable polymer. A multiplicity of materials,
e.9. polyurethanes, polycarbonate, polyamide,
polyacrylate, polyester, etc., are appropriate as

material.

The polishing pad preferably comprises solid,

microporous polyurethane.

The use of polishing pads composed of foamed plates or
felt or fiber substrates which are impregnated with

polymers is also preferred.

Coated/impregnated polishing pads can also be
configured in such a way that there is s different pore
distribution and silzes in the substrate than in the

coating.,
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The polishing pads can be substantially planar or else

perforatéd.

In order to contrcl the porosity of the polishing pad,

fillers can be introduced into the polishing pad.

Comnercially availlable polishing pads are 2.g. the SPM
3100 from Rodel Inc. or the pads of the DCP-Ssries and
also the pads with the trade marks ICI000™, Polytex™ or
SURA™ from Rohm & Hass. |

Ingtead of the pelishing pads described, however, it is
possible, which is likewise preferred, to use an FAP
pad such as the one used during the polishing of the

rear side.

In principle, the semiconductor wafers are pressed by
the side sﬁrface to be polished against the polishing
pad lying on & polishing plate, with the zid of a
polishing head.

A polishing head also includes a retainer ring which’
latérally enclecses the substrate and prevents it from

sliding from the polishing head during peolishing.

In the case  of modern polishing heads, that side

surface of the silicon wafer which is remote from the

polishing pad Llies on an  elastic membrane that
transmits the polishing pressure exerted. The menmbranse
ls part o©of a possikly subdivided chamber system that

forms a gas or liquid cushion.

However, polishing heads zre zlsc used in the case of
which an elastic support (“"backing pad") 1z used

instead cf a membrans.
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The substrate is polished with a polishing agent being
supplied betwsen the substrate and the polishing pad
and with the polishing head and the polishing plate

. being rotated.

In this case, the polishing head can additionally also
be moved translationally over the polishing pad,
whereby & more comprehensive utilizaticon of the

poelishing pad arsa 1s obtained.

Furthermore, the method according +to the invention can
equally be carried out cn single~plate and multi-plate

polishing machines.

The use of multi-plate polishing machines having
preferably two, especially preferably three, polishing
plates and polishing heads is preferred.

Exémple

in a first step, by means of = pelishing pad comprising
fizedly bonded abrasives with the supply of a polishing
solution set to a specific pH value, the rear side of a
silicon wafer having a diameter of 300 mm is polished
in such a way that a specific thickness profile arises
at the edgse.

The polishing pad comprises microreplicated structures
in the form of truncated pyramids having particles of

cerium oxide (Cel).
The particle size is 0.1 to 1.0 pm.
The FAP pollshing process is able, exclusively by means

of an increase in the pH value cof an alkaline sclution,

without the wuse of a egilica sol, to convert the
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otherwlse expected edgs rolli-off inte  an edge
elevation, that is to say to produce curvatures in

cpposite directions as required.

As a result of the bolishing of the rear side by means
of an abrasive-free ‘polishing solution having a pH
value of at least 11.8} an elevation is produced in the
wafer edge reglon and a bias 1s thus created which,
during a subsequent process of polishing the front side
of the wafer, which takes place with a pH value of
ll.Z,vcompensates for the edge roll-off that tends to
be formed in this case, and a planar wafer edge region

is thus formed.

In this case, the polishing of the front side can be
implemented as a customary CMP step or as fixed
abrasive polishing with a pH value of less than 11.8.
Both polishing methods lead to.the formatién of a wafer
edge roll-cff. The methed according to ths invention
was cérried out successfully for both types of front.

side polishing.

It was found in the experiments that it is
advaﬁtageous, for setting a desired surface roughness
of the rear side of the wafer, to carry out a second
partial polishing step using a suitable silica sol,
such as e.g. Glanzox 3900%, which likewise takes place
on the FAP polishing pad.

*Glanzox 3800 is the product name for a polishing agent
glurry that is offered as a concentrate by Fujimi
Incorporated, dJapan. The concentrate having a pH of
10.5 contains approximately 9% by weight of collecidal
Si0; having an average particle size of 30 to 40 nm.
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Further typical conventional CMP polishing steps (soft
pad + zlkaline silica sol) can be added at any time as
haze-free polishing processes with small removals for
further zreduction of the surface roughness and for
reduction‘of the defect density {e.g. LLS = "localized
light scatterers®), but are not essential o the

success of the invention.
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Patent Claims:

1. A polishing pad for use in apparatuses for polishing semiconductor wafers, comprising a
layer containing fixedly bonded abrasives, a layer composed of a stiff plastic and also a
compliant, non-woven layer, wheremn the layers are bonded to one another by means of
pressure-sensitive adhesive layers, wherein the layers are situated in successive order of the
compliant layer, the layer composed of a stiff plastic and the layer containing abrasives or in
successtve order of the layer composed of a stiff plastic, the compliant layer and the layer

containing abrasives.

2. The polishing pad of claim 1, wherein the layer composed of a stiff plastic comprises a

polycarbonate.

3. The polishing pad of claim 1 or 2, wherein the polishing pad comprises an additional layer

composed of polyurethane foam.

4. The polishing pad of claim 1 or 2, wherein the compliant layer comprises polyester fibers.
5. The polishing pad of claim | or 2, wherein the layer containing abrasives comprises
particles of oxides of the elements cerium, aluminum, silicon or zirconium or particles of

hard materials such as silicon carbide, boron nitride or diamond.

6. A process comprising polishing a semiconductor wafer by a polishing pad containing

fixedly bonded abrasives of claim 1 or 2.
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Abstract

Polishing pad and method for polishing a semiconductor

wafer

A method for polishing a semiconductor wafer, wherein,
in a first step, the rear side of the semiconductor
wafer is pclished by means of a polishing pad
comprising fizxedly bonded abrasives having a grain size
of 0.1~1.0 um, and with the supply ¢f & polishing agent
which is free of solid materials and which has a pH
valug of at least 11.8, and, in a second step, the
front side of the semiconductor wafer is polished,
wherein a polishing agent having a pH value of less

than 11.8 is supplied.

A polishing pad for use in apparatuses for polishing
semiconductorr‘wafer, comprising a layer containing
abrasives, a layer composed of a stiff plastic and also

& compliant, hqnfwoven iayer, wherein the layers are
bonded to one another by means of pressure-sensitive

adhesive layers.

No Figure.



