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Method for chemically grinding a semiconductor wafer on both

sides

The invention relates to a methed for chemically grinding a

semiconductor wafer on both sides.

In particular, the invention is directed to a novel processing
step for silicon wafers of the next technology generations,
primarily having a diameter of 450 mm. At present, polished or
epitaxially coated silicon wafers having a diameter of 300 mm
are used for the most demanding applications in the electronics
industry. The silicon wafers having a diameter of 200 mm are

gradually being superseded by the 300 mm wafers.

A major reason why the electronics industry demands larger
substrates for producing the components in this industry, be
they microprocessors or memory chips, resides in the enormous
sconomic advantage that this affords. In the semicenductor
indusiry it has long been customary to focus atiention on the
avallable substrate area, or in other words to ask the question
of how high is the number of components, that is to say logic
chips or memory chips, which can be accommodated on an
individual substrate. This is associated with the fact that a
large number of processing steps by the component manufacturers
are directed to the entire substrate, but also in addition the
individual steps for patterning the substrates, that is to say
the production of the component structures that subseguently
lead to the individual chips, and s¢ both groups of proéessing
steps are very particularly determined by the substrate size
with regard to the production costs. The substrate size very
considerably influences the productiocn costs per component and

is thus of immense economic importance.
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However, the enlargement of the substrate diameter is
accompanied by major, in part alsoc totally new, hitherto

unknown technical problems.

Ultimately, all the processing steps, whether they be purely
mechanical (sawing, grinding, lapping), chemical (etching,
cleaning) or else chemical-mechanical in nature (polishing},
and also the thermal processes (epitaxial coating, aznnealing)
require thorough reworking, in particular zliso with regard to

the machines and installations used therefor {equipment).

Chemomechanical processing comprises polishing methods in which
a material removal i1g obtained by means of relative movement of
semiconductor wafer and polishing pad with the action of force
and supply of a polishing slurry {(for example alkaline silica
sol}). The prior art describes batch double-side polishing (D3P)
and batch and individual wafer single-side polishing {(mounting
of the semiconductor wafers by means of wvacuum, adhesive
bonding or adhesion during the polishing processing on one side

on a support).

Mechanical processing steps in accordance with the prior art
are lapping (simultaneous double-side lapping of a plurality of
semiconductor wafers in the "batch™), single-side grinding of
individual semiconductor wafers with single-side clamping of
the workpieces (usually carried out as segquential single~side
grinding of both sides of the wafer, "single-side griﬁding",

88G; "seguential S5SG"} or simultaneous double-side grinding of

‘individual semiconductor wafers between two grinding disks

{simultaneous "double~disk grinding"™, DDG).

Methods and apparatuses for the single-side surface grinding of
a semicenductor wafer are known for example from US-3, 905,162
and also US-5,400,548 or EP-0855126. In this case, a

semiconductor wafer is fixedly held dn_a wafer holder by one of
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its surfaces, while its opposite surface is processed by means

~of a grinding disk by wafer holder and grinding disk rotating

and being pressed against one another. In this case, the
semiconductor wafer is fixed on the wafer holder in such a way
that its center substantially corresponds to the rotation
center of the wafer holder. Moreover, the grinding disk is
pesitioned in such a way that the rotation center of the
semiconductor wafer presses into a working region or the edge
region of the grinding disk, said edge region being formed by
teeth. The entire surface of the semiconductor wafer can

thereby be ground without any movement in the grinding plane.

DDG machines according to the prior art, as are described for
example in JP2000-280155A and JP2002-3073032, have two grinding
wheels which lie opposite one another and the rotation axes of

which are arranged colinearly. During the grinding operation, a

workpiece in wafer form which is positioned between the
grinding wheels is processed on both sides simultaneously by
the two grinding wheels rotating about their axis, while it is
rneld in position by a ring-shaped holding and rotation device
and at the same time rotated about its own axis. During the
grinding operation, the two grinding wheels are advanced in an
axial direction until the desired final thickness of the
workpiece has been reached.

The holding and rotation device may, for example, comprise
friction wheels which engage on the edge of the workpiece. _
However, it may alsc be a device which surrounds the workplece
in ring-shaped fashicn and engages in a score, groove or notch
which 1s possibly present at the periphery of the workpiece. A
device of this type is generally referred to as a "notch
finger". In order to process the entire area of the workpiece,
the workpiece is guided relative tc the grinding wheels in such
a way that the abrasive grinding segments of the grinding
wheels describe a circular path which runs constantly over the
center of the workpiece. |



10

15

20

25

30

35

2008P0015IDE /Ki

In this case, the workpiece 1s not generally in a fixed
positicn, but rather is held axially in position by two
apparatuses for hydrostatic bearing, referred to hereinafter as
"hydropads", which are fitted on both sides of the workpiece.
Apparatuses of this type zre described in JP2000-280155A. In
acecordance with the prior art, those surfaces of the two
hydropads which face the workpiece are configured in planar
fashion and oriented parallel to one another. Each hydropad
comprises a plurality of hydrostatic bearings, between which
grooves for discharging the medium used for the hydrostatic
bearing (referred to hereinafter as the "hydro-bearing medium™)
and the grinding coolant are arranged.

For preducing particularly planar semiconductor wafers,
particular importance is ascribed to those processing steps in
which the semiconductor wafers are processed largely in a
constrained-force~free manner in #free—floating" fashion
without force-locking or positively locking clamping ("free-
floating processing”, FFP). Undulations such as are produced
for example by thermal drift or alternating load in MWS are
eliminated by FFP particularly rapidly and with little loss of

material.

FEP known in the prior art include lapping, DDG and DSP, inter
alia.

DE 103 44 602 Al discloses a further mechanical FFP processing
method, in which a plurzlity of semiconductor wafers lie in a
respective cutout in one of a plurality of carriers that are
caused to rotate by means of a ring-shaped outer and a ring-
shaped inner drive ring, and are thereby held by a specific
geometrical path and processed in material-removing fashion
between two rotating working disks coated with bonded abrasive.
This method is also called "planetary pad grinding" or simply

PPG., The gbrasive is composed of a £ilm or "pad” stuck to the



10

15

20

25

30

33

2008P0C1E1DE /Ki

working disks of the apparatus used, as disclosed in
Us 6007407, for example.

Hard materials are used as the abrasive, e.g. diamond, silicon
carbide (SiC), cubic boron nitride (CBN), silicon nitride
(Si3Ng), cerium dioxide (Ce0;), zirconium dioxide (ZrO;},
corundum / aluminum oxide / sapphire (B1;03) and many other
ceramics having grain sizes up to a few tens of micrometers.
For the processing of silicon, in particular diamond is
preiferred, and furthermore zalso AL,0;, SiC and Zr0,. The diamond
is incorporated - as individuzl grain or bonded by means of a
ceramic, metallic or synthetic resin primary bond to form
conglomerates - into the ceramic, metal or synthetic resin
matrix of the abrasive bodies,

DE 103 44 602 Al furthermore discloses & method in which either
a multiplicity of abrasive bodies containing bonded abrasive
are stuck to the working disks or in which the abrasive is
bonded in a layer or a "pad" and pads of this type are stuck to
the working disk. There are furthermore fixings of the working
layer by means cof vacuum, screwing, <overing or by means of
hook and loop fastening, in electrostatic or magnetic fashion
(see e.g. US 6019672 A}.

Sometimes the working layers are embodied as pads or laminated
sheets (US 6096107 A, US 6589177 B2).

Sheets having structured surfaces are alsc known, comprising
elevated regicns that come into contact with the workpiece and
recessed regions via which cooling lubricant can be supplied
and abrasive slurry and spent grain can be discharged. BEn
abrasive tool (abrasive pad) structured in this way. is
disclosed by US 6007407 A, for example. Here the abrasive pad
is self-adhesive on the rear side, which permits a simple

change of the abrasive tool on the working disk.
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Suitable apparatuses for carrying out the processing methods of
lapping, DSP and PPG essentially comprise a ring-shaped upper
and lower working disk and a rolling apparatus comprising
toothed rings arrénged on the inner edge and on the outer edge
of the ring-shaped working disks. Upper and lower working disks
and inner and outer toothed rings are arranged concéntrically
and have colinear drive axes. The workpieces are introduced
into thin guide cages which are tocothed on the outside, so-
called "carriers", which are moved betwesen the iwe working

disks during processing by means of the rolling apparatus.

In the case ¢f PPG, the working disks comprise, as mentioned

above, a working layer with fixedly bonded abrasive.

In the case of lapping, use is made of working disks, so-called
lapping plates, compesed of cast material, generally a steel
casting, e.g. ductile gray cast iron. These contain in addition
to iron and carbon a multiplicity of nonferrous metals in

different concentrations.

In the case of DSP, the working disks are covered with a
polishing pad, wherein the polishing pad is composed for
example of a thermoplastic or heat-curable polymer. A foamed
plate or a felt or fiber substrate which is impregnated with a
polymer iz also suiltable.

In the case of lapping and DSP, lapping and peolishing agents,
respectively, are additionally supplied, but not in the case of
PPG.

For lapping, oils, alcohols and glycols are known as carrier
liguids for the lapping agent (abrasive substance slurry,

abrasive substances), also called slurry.



10

15

20

25

30

35

2008P0C151IDE /Ki

For DSP, agueous polishing agenits to which silica sol is
applied are known, which are preferably alkaline and, if
appreopriate, contain further additives such as chemical buffer

systems, surfactants, complexing agents, alcohols and silanocls.

The production of a semiconductor wafer comprises slicing the
semiconductor wafer from a crystai, and a plurality of
subseguent material-removing processing steps. These processing
steps are necessary in crder to obtain the smoothest poséible
surfaces and parallel sides of the semiconductor wafer and also
to provide the semiconductor wafer with a rounded edge.
Appropriate material-removing processing steps usually include
edge rounding, lapping or double-side grinding, etching and
polishing of the semiconductor wafer. Processing steps such as
double~side grinding and primarily lapping add damage to the
wafer surface, said damage necessitating a high material

removal in the subsequent steps (etching, polishing).

The crystal damage can be reduced by fine grinding of the
semiconductor wafer, that is to say by surface grinding using a
grinding disk having a fine grain size. Less material removal
is necessary during the subseguent etching. Ideally, the
intention is to completely dispense with the etching step. Such
a reduced etching step is intended to have the effect that the
impairment of the flatness of the semiconductor wafer that is
usually associated with the etching i1s reduced and less
material removal is in furn necessary in the subseguent
polishing step. A fine grinding method of this type is
described in DE 102 005 012 446 Al.

However, the fine grinding also disadvantageously influences
the geometry and, in particular, alsc the nanotopology, which
is becoming more and more problematic on account of the
constantly increasing reguirements made of these two parameters

in the course of further miniaturization (Roadmap, Design



Rules). The nanotopclogy is usually expressed as height
fluctuation PV (= "peak to valley"), relative to square
measurement windows having an area of 2 mm % 2 mm. Moreover, a
conventional fine grinding process by which the wafer situated
on a rotating wafer holder and a rotating disk are delivered to
one another (advance) cannot readily be employved in view of the
forces acting on 450 mm wafers according to the current

situation.

In view of these problems, embodiments of the invention seek to
provide suitable process sequences for producing semiconductor
wafers and new processing steps which curb the disadvantages of
fine grinding used previouszly and of the conventional coarse
grinding steps {(PPG, DDG) and of lapping and at the same time

are gsuitable for 450 mm.

According to a first aspect of the invention, there is provided
& method for processing a semiconductor wafer on both sides
simultanecusly, said semiconductor wafer lying in freely movable
fashion in a cutout in one of a plurality of carriers that are
caused to rotate by means of a rolling apparatus, and thereby
being moved on a cycloidal trajectory, in fine grinding fashion
between two rotating ring-shaped working disks, wherein each
working disk comprises a working layer comprising abrasive
material, wherein an alkaline medium comprising no abrasive
material is suprlied during the processing, such that material

is chemomachanically removed from said semiconductor wafer.

According to a second aspect of the invention, there is provided

a method for producing a semiconductor wafer, comprising
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a) Providing a cylindrically ground rod of semiconductor
material

b) Slicing a semiconductor wafer from the rod

c) Rounding the edge of the semiconductor wafer

d) Processing the two subrfaces of the semiconductor wafer

e) Cleaning the semiconductor wafer



f) Polishing the two gsides of the semiconductor wafer; wherein
at least one step of processing both sides of the semiconductor
wafer is effected in which the sgemiconductor wafer lies in
freely movable fashion in a cutout in one of a plurality of
carriers that are caused to rotate by means of a rolling
apparatus, and is thereby moved on a cycloidal traijectory in
fine grinding fashicn between tweo rotating ring-shaped working
disks, wherein each working disk comprises a working layer
comprising abrasive material, and an alkaline medium comprising
no abrasive material is supplied between working disks and
semiconductor wafers during the processing, such that material

1s chemomechanically removed from said semiconductor wafer.

According to a third aspect of the inventicon, thers is provided

a method for prcducing a semiconductor wafer, comprising:

aj} Providing a cylindrically ground rod of semiconductor
material;

b} Slicing a semiconductor wafer from the rod;

o Rounding the edge of the semiconductor wafer;

d} Processing both surfaces of the semiconductor wafer;

e} Cleaning the semiconductor wafer; and

£} Polishing both sides of the semiconductor wafer; wherein

at least one step of procegsing both sides of the semiconductor
wafer is effected by chemomechanically remcving material from
both sides of the semiconductor wafer simultanecusly by means
of a process wherein said semiconductor wafer lies in freely
movable fashicn in a cutout in one of a plurality of carriers
that are caused to rotate by means of a rolling apparatus and
thereby moved on a cycleoidal trajectory between two rotating

ring-shaped working disks, each working disk having a working
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layer comprising abrasive material, and supplyving an alkaline
medium comprising no abrasive material during processing,
wherein the process of rounding the edge in accordance with
step c) is effected after step d), the processing in accordahce
with step 4) corrésponds te a simultanecus double-side grinding
without supply of an alkaline medium and using grinding disks
having cocarse granulation, and the semiceonductor wafer that has
been ground on bkoth sides and edge-rounded in this way is
ground chemically on both sides, wherein the working layers

have a granulaticn of #2000-#8000.

According to a fourth aspect of the invention, there igs provided

a method for producing a semiconductor wafer, comprising:

a) Providing a cylindrically ground rod of semiconductor
material;

b} Slicing a semiconductor wafer from the rod;

e} Rounding the edge of the semiconductor wafer;

d} Processing both surfaces of the semiconductor wafer;

e) Cleaning the semiconductor wafer; and

£) Polishing both sides of the semiconductor wafer; wherein

at least one step of processing both sides of the semiconductor
wafer is effected by chemomechanically removing material from
both sides of the semiconductor wafer simultaneously by means
of a process wherein sgaid semiconductor wafer lies in freely
movable fashion in a cutout in one of a plurality of carriers
that are caused to rotate by means of a rolling apparatus and
thereby moved on a cycloidal trajectory between'two rctating
ring-shaped working disks, each working disk having a working
layer comprising abrasive material, and supplying an alkalines
medium comprising no abrasive material during processing,
wherein in step d) koth sides of the semiconductor wafer are
ground chemically, wherein the working layers have a
granulation of less than #2000, an edge rounding step in

accordance with ¢} is effected both before and after step 4),
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and the semiconductor wafer that has been ground on both sides
and edge-rounded in this way is ground chemically on both sides
a second time, wherein the working lavers then have a

granulation of #2000-#8000.

The preferred areas of use of chemical grinding in the

manufacturing sequence provide for

al replacing the previous methods of mechanical coarse

removal, namely DDG, PPG and lapping, or

o) replacing the previcus step of mechanical fine removal,

that 1s to say conventional fine grinding, or

c) a combination of a) and k). Purely mechanical material
removal no longer takes place in this case ¢). All the methods
for processing the surfaceg of semiconductor wafers are then
chemical {cleaning, possibly etching} and chemomechanical
{pelishing) in nature (apart from the still necessary
mechanical proceésing of the edge of the semiconductor wafer,

that is to say the edge rounding.

The following manufacturing seguences are particularly
preferred in the context of the invention; in all the
sequences; a rod-type crystal that has been grown by means of
CZ (Czochralski) or FZ (float zone) and cyvlindrically ground is

present as the starting product:
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a) Wire sawing - edge rounding - chemical grinding (coarse) -
cleaning - edge rounding - laser mark - etching - double-side
polishing (DSP) - edge polishing

b Wire sawing - double-side coarse grinding (DDE) - edge
rounding - laser mark - chemical grinding {fine) - cleaning -

double~side polishing - edge polishing

c) Wire sawing - edge rounding ~ double-side coarse grinding
(PPG) -~ cleaning ~ edge rounding - laser mark - chemical

grinding (fine} - cleaning - double-side polishing - edge

polishing
d) Wire sawing - edge rounding - lapping - cleaning - edge
rounding -~ laser mark - chemical grinding (fine) - etching =~

DSP - edge polishing

e) Wire sawing - edge rounding - lapping - cleaning - edge
rounding - laser mark - fine grinding - chemical grinding

(fine} - cleaning - DSP - edge polishing

£) Wire sawing - edge rounding - chemical grinding (coarse) =
cleaning - edge rounding -~ laser mark - chemical grinding

(fine) - cleaning - DSP - edge polishing

These preferred sequences usually contain an edge rounding step
divided into two. This can involve e.g. a first coarse grinding
step and a second fine grinding step. However, it is equally
preferred to provide only one edge rounding step, which can be
performed belcre or affer the mechanical coarse grinding,

lapping or chemical coarse grinding step.

If mention is made of a cleaning step in the segquences, etching
steps that lead to a not insignificant material removal are

excluded. A cleaning step after lapping or chemical grinding
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steps serves to free the processed wafer of residues of the
lapping slurry or of the abrasive. Material removal for

eliminating possible damage is not provided.

After the edge polishing, in the exemplary segquences further
processing and treatment steps can take place, e.g. a chemical
mechanical haze-free polishing (CMP) using a soft polishing
pad, deposition of an epitaxial layer or else a thermal
treatment (anneal, RTA), in order to set specific defect
properties in the bulk {internal getters, denuded zone, BMD

densities).

The starting point is in each case a cylindrically ground rod
of semiconductor material. Monocrystalline silicon is

preferably involved.

Monccrystalline silicon, particularly in the case of silicon
rods having large diameters (>= 300 mm), is usually grown by
means of the so-called Czochrzlski {CIZ) method. This invclves
bringing a seed crystal to the surface of silicon melted in a
guartz crucible and slowly pulling it upward. In this case,
firstly a neck is produced, and the pulling rate is reduced and
a conical region is shaped, which merges into a cylindrical

regicn of the crystal.

After the pulling of the single crystal, beginning and end
cones are preferably sliced off. The crystal piece iz then
ground cylindrically parallel to a defined crystal direction.
In this case, the single crystal piece is arranged in such a
way that the desired crystal orientation is defined by the
pressure members applied at the ends. A corresponding method
for oriented cylindrical grinding and a suitable apparatus are

disclosed in the European patent specification EP 0 962 284 Bl1.
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In accordance with step b} of the process seguence according to
the invention, the cylindrically ground single crystal is |
sliced into wafers.

A wire saw is preferably used for this purpose. During wire
sawing, a multiplicity of wafers are sliced from a crystal
piece in one work operation. US-5,771,876 describes the

functicnal principle of such az wire saw.

Wire saws have a wire gang formed by a sawing wire wound around
two or more wire guide or deflection rolls. The sawing wire can
be coated with an abrasive coating. When using wire saws having
a sawing wire without a fixedly bonded abrasive grain, abrasive
grain is supplied in the form of a slurry during the slicing
process. In the course of the slicing process, the crystal
plece fixed on a table penetrates through the wire gang in
which the sawing wire is arranged in the form of wire sections
lying parallel alongside one another. The penetration of the
wire gang is brought about by means of a relative movement
between table and wire gang, said relative movement being
realized by means of a feed device and guiding the crystal
piece toward the wire gang (table advance) or the wire gang

toward the crystal piece.

Edge rounding is effected in step ¢} of the process sequence
according to the invention.

In this case, the edge of the semiconductor wafer including any
existing mechanical markings such as an orientation notch or =z
substantially rectilinear flattening of the wafer edge ("flat")
is processed (also "edge-notch-grinding"}. Conventicnal
grinding steps with profiled grinding disks, belt grinding
methods with continuous or periodic tool advance or integrated
edge rounding methods (edge grinding and edge polishing in one
step) are used for this purpose.
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These edge rounding methods are necessary since the edge in the
unprocessed state is particularly fracture-sensitive and the
semiconductor wafer can be damaged even by slight pressure

and/or temperature loads in the edge region.

Step e} of the sequence according to the invention comprises
cleaning steps, which may be necessary at a number of polnts in
a manpufacturing sequence. By way of example, such a cleaning

step usually takes place before and after DSP.

Both sides of the semiconductor wafer are polished in step f)

of this sequence according to the invention.
A conventional DSP can preferably be invelved in this case.

This can also be followed by a CMP polishing process in order
to polish cne side of the semiconductor wafer in a haze~free

manner.

It is likewise preferred at this point, instead of D8P, to
process the semiconductor wafer on both sides seguentially
using a specilal polishing pad containing bonded abrasive
substances such as cerium, silica, etc., in contrast to CMP
polishing pads. Segquentizl processing of front and rear sides

of the wafer is advantageous particularly for 450 mm wafers.

Processing of both surfaces of the semiconductor wafer is

claimed in step d) of the seguence according to the invention.

This preferably involves a lapping step or double-side grinding
{PBEG or DDG).

However, a chemical cocarse grinding step that acts mechanically

and chemically can also be involved.
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According to the invention 1t is essential to provide at least

one chemical grinding step.

This can involve a chemical fine grinding step, refer;ed to as
chemical grinding (fine) in the exemplary sequences.

However, 1t is also preferred to provide a chemical coarse
grinding step. The latter then preferably corresponds to step
d) of the manufacturing sequence according to the invention and

replaces DDG, PPG or lapping.

In the prior art, the semiconductor wafers were processed

o
4
-
o)
4
®

DSP by means of grinding methods with purely mechanical

action or by means of lapping.

On account of the purely mechanical removal behavior and the
resulting high effective forces, significant damage to the
crystal lattice occurs at the surface and in the adjoining
layers near the surface, which necessitates subéequent steps
such as e.g. an etching process and long removal polishing
times {DSP) or a reduced etching process in combination with an

additional finer mechanical grinding process (e.g. fine

~grinding) before DSP.

The present invention is based on the fact that in the case of
a combination of a mechanical removal step, e.g. in the form of
grinding using bonded grain, with a simultaneous chemical
removal by means of chemicals with alkaline action, the
mechanical proportion (pressure, grain size) of the removal is
correspondingly reduced since the layers of the crystal lattice
which are near the surface interact with the chemical and are
weakened by this, which has the effect that less mechanical

force action is required tc remove the crystal layers.

Preferred chemicals for carrying out the chemical grinding step

are alkaline buffer solutions.
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The pH value of the alkaline medium preferably varies in a
range of 11.8 to 12.5.

Preferably, the alkaline medium contains compounds such as
sodium carbonate (NapCO0;}, potassium carbonate (K.C0:), sodium
hydroxide (NaOH), potassium hydroxide (KOH}, ammonium hydroxide
(NH,OH} , tetramethylammonium hydroxide (TMRH} or any desired

mixtures thereof,
The use ¢f potassium carbonate is especially preferred.

Such a K:C0; sclution is preferably used in combination with

other alkaline components, such as e.g. KOH or TMAH.

The addition of chemical buffer solution should be at least
0.2% by weight.

A proportion of 4-10% by weight is particularly preferred.

The alkaline medium can furthermore contain cne or more further
additives, for example surface-active additives such as wetting
agents and surfactants, stabilizers acting as protective
celleids, preservatives, biocides, alcohols and complexing

agents.

The abrasive substance of the working layers of the working
disks i1s compcsed of a material that mechanically removes the

substrate material {semiconductor material, e.g. silicon).

The abrasive substance i1s preferably selected from a group
consisting of oxides of the elements aluminum, cerium,

zirconium and silicon.

The use of diamond, boron nitride or silicon carbide as

abrasive substance is likewise preferred.
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If the chemical grinding is effected as a coarse grinding step,
working layers containing abrasives having & grain size of less
than #2000, in particular #200-#2000, are usad (grain sizes
mesh according to Japanese Industrial Standard JIS R
6001:1988}.

If the chemical grinding is effected as a fine grinding step,
working layers containing abrasive having a fines grain size of

#2000 or finer, in particular #2000-#8000, are used.

The working layer can be used in the form of a pad which is
stuck to the working disk and which contains an abrasive

substance bonded in the pad.

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

or truncated pyramids.

Polishing pads of this type are commercially available. More
detailed descriptions of such polishing pads are contained for
example in WO 92/13680 Al and US 2005/227590 Al.

Such a mechanical-chemical removal step combines the positive
properties of the grinding technique, such as e.g. the
production of an outstanding geometry, with the elimination of

the disadvantages associated therewith (high damage).

This opens up the possibility of dispensing with additional
costly process steps (etching or fine grinding + reduced
etching) or significantly reducing these steps, and therefore
also eliminating the unfavorable effects thereof on geometry

(etching) and nanotopology (etching) of the wafer.
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Particularly when processing large wafers e.g. having a
diameter -of 450 mm, grinding without an advance on horizontally
oriented plates with optimized media supply affords great

advantages,

Suitable substrates which are polished according to the
invention include, in particular, semiconductor wafers composed
of materials such as silicon, gallium arsenide, Si Gei,

sapphire and silicon carbide.

Particularly suitable substrates are semiconductor wafers
composed of silicon and substrates derived therefrom. The Ffront
side to be polished of the semiconductor wafer composed of
silicon can be present in a state such as arises after the
slicing of the semiconductor wafer from a crystal, after
lapping of the semiconductor wafer, after grinding of the
semiconductor wafer, after etching of the semiconductor wafer
or after a semiconductor wafer polishing that has already been
effected.

A substrate derived from a semiconductor wafer composed of
silicon should be understood to mean, in particular, substrates
having a layer structure, for example semiconductor wafers
having a layer deposited by means of epitaxy, 30I substrates
{("8ilicon On Insulateor”) and sS0T substrates {(Strained Silicon
On Insulater) and corresponding intermediate products (e.g.
SG0I = Y"8ilicon-Germanium On Insulator™) thereof.

The intermedisate products zlso include donor semiconductor
wafers from which layers have been transferred to other
substrates, in particular in the course of producing SOI
substrates. In order to be able to be reused, the surface of

the donor semiconductor wafer that is uncovered by the layer
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transfer, said surface being comparatively rough and having a

characteristic step in the edge region, has to be smoothed.

The surfaces to be polished of the substrates need not or not
only consist of silicon. By way of example, layers comprising a
III-V compound semiconductor such as gallium arsenide or an
alloy composed of silicon and germanium (Si,Gej-y) may be

involved.

The invention makes it possible to relieve the burden on the
polishing step, which is indispensible for the end product, by
means of an optimal precursor product in the form of a
chemically ground wafer having excellent gecmetry and minimal
damage such that the polishing primarily fulfils its actual
task, namely the optimization of the wafer surface (freedom
from scratéhes, freedom from defects, low roughness) whilst
ensuring a good nanotopeclogy and maintaining the optimal
initial geometry. This can be realized in appropriately short
polishing times.

"t

The method is particularly sultable for machine types having

- plane (polishing) plates and corresponding (pblishing) media

distributors such as are customarily used for polishing
machines. Conventional double-side polishing machines are
particularly suitable for the method described. The method can
therefore also be referred to as chemical double-side plane

grinding with planetary kinematics.

Example
Polishing pads with abrasive particles of cerium oxide {(Caly)
fixedly bonded therein, as described e.g. in US 6602117 Bl were

used for the exemplary embodiment.

The average particle size was 0.1-1 pm.
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Removal tests were conducted with different mixtures of
chemicals on a single~plate polishing machine with =z
horizontally oriented polishing plate, The different mixtures
of chemicals realized different pH values, such that a
particularly suitable range for the pH value of the alkaline
medium was able to be found by evaluating the different removal

rates,

The mechanical process parameters were identical for all the

experiments and can be found in Table 1.

The experiments were carried out on a polishing machine from

Strasbaugh Inc. of the "nHance 6EG" type.

Table 1
Polishing | Zone Rotational | Retainer | KOH K2003 pH
pressure |pressures | speed ring [ml/min] [ml/min]
[psi] 1,2 [psi] | ratio contact
carrier/ pressure
plate [pail
4 2:2 33:30 2 - 300 11.223
(0.2 w%
KoCO3)
4 2:2 332:30 2 - 300 11.82
(4.0 w% |-
K2C03)
4 2:2 33:30 2 300 300 12.16
{(0.03 w% | (4.0 w%
KCH) K,C0s)
4 2:2 33:30 2 300 3c0 12.46
| {0.08 w%| (4.0 w3
| KOH ) K,C03)
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The polishing machine from Strasbaugh Inc. has one polishing
plate with one polishing pad and ons polishing head, which
processes a semiconductor wafer fully automatically. The
polishing head is mounted cardanically and comprises a fixed
baseplate coated with a "backing pad", and a movable retainer
ring. Through holes in the baseplate, air cushions can be
established in two concentric pressure zones, an inner and an
outer zone, the semiconductoer wafer floating on said air
cushions during polishing. Pressure can be applied to the
movable retainer ring by means of compressed air bellows in
order thus to pretension the polishing pad upon contact with

the semiconductor wafer and to keep it plane.

Figure 1 illustrates the reiationéhip between pH value of the
alkaline abrasive medium, removal rates and temperature during

chemical grinding.

1 shows the average removal rate on the wafer, and 2 shows the

removal in the center of the wafer, in each case in um/min.

It is found that a pE value of 11.8 to 12.5 leads to a
particularly high removal rate. If an alkaline solution in this
pH value range is used, the mechanical part of the removal (the
grinding removal) can be reduced, thus resulting in minimal
damage to the crystal lattice.

The pH values of 11.8 to 12.5 are realized on the one hand by
additions of KOH (0.03 or 0.05% by weight), on the other hand
by addition of K,CO0; (4% by weight).

In the case of the sclutions having low pH values (pH < 11.8),
the solutions exclusively contained K»CO; (0.2 or 0.4% by
weight). The flow rate of the alkaline medium was 300 ml/min in

each case.
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CLAIMS:

1. In a method for processing 'a semiconductor wafer on both sides
simultaneously, said semiconductor wafer lying in freely movable fashion in z cutout in

one of a piurality of carriers that are caused to rotate by means of a rolling apparatus and -

thereby being moved on a cycloidal trajectory in fine grinding fashion between two
rotating ring-shéped working disks, wherein the improvement comprises covering each
working disk with a working layer comprising abrasive material, and supplying an
alkaline medium comprising no abrasive material during processing, such that material is
chemomechanically removed from said semiconductor wafer.

2. The method of claim 1, wherein the alkaline medium comprises an agueous
solution of a compound selected from the group consisting of sodium carbonate

(Na,COs), potassium carbonate (K,COs), sodium hydroxide (NaOH), potassium

hydroxide (KOH), ammonium hydroxide (NH,OH), tetramethylammonium hydroxide
(TMAH), and mixtures thereof.

3. The method of claim 2, wherein the pH of the aqueous solutionis 11.8 to 12.5
and the proportion of the compounds in the aqueous solution is 0.2 to 10% by weight.

4, The method of claim 3, wherein the propomon of the compounds in the

‘aqueous solution is 4 to 10% by weight.

5. The method of claim 1, whcrein the working layers contain abrasive substances
selected from one or more of the oxides of the group consisting of aluminum, zirconjum,
cerium and silicon.

6. The method of claim 1, wherein the working layers contain particles of one or
more of the hard materials selected from the group conszstmg c)f silicon carbide, boron
nitride and diamond.

7. The method of claim 1, wherein the semiconductor wafer is a silicon wafer

having a diameter of 300 mm or greater.

8 A method for producing a sermconductor wafer, compnsmg

2) Providing & cylindrically ground rod of semiconductor material;

b) Slicing a semiconductor wafer from the rod;

¢) Rounding the edge of the semiconductor wafer;

d) Processing both surfaces of the semiconductor wafer;

¢) Cleaning the semiconductor wafer; and

f) Polishing both sides of the semiconductor wafer, wherein at least one
step of processing both sides of the semiconductor wafer is effected by the method of
claim I.

9, The method of claim 8, wherein the alkaline mediom involves aqueous
solutions of the compounds selected from the group consisting of sodium carbonate
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(NaCO;), potassium carbonate (KpCOs), sodium hydroxide (NaOH), potassium
hydroxide (KOH), ammonium hydroxide (NH4;OH), tetramethylammonium hydromde
(TMAH), and mixtures thereof.

10. The method of claim 9, wherein the pH of the aqueous solution is 11.8 to 12.5
and the proportion of the compounds in the aqueous solution is 0.2 to 10% by weight.

11. The method of claim 10, wherein the proportion of the compounds in the |
aqueous solution 1s 4 to 10% by weight.

12. The method of claim 8, wherein the working layers contain one or more
abrasive substances selected from one or more of the group consisting of the oxides

aluminum, zirconiwm, cerium and silicon.

13. The method of claim 8, wherein the working layers contain particles of one or
more of hard materials selected from the group consisting of silicon carbide, boron nitride
and diamond.

14. The method . of claim 8, whercm thc semiconductor wafer is a silicon wafer
having a diameter of 300 mm or greater.

15. The method-of claim &, wherein after a process of rounding the edge of the
semiconductor wafer in accordance with ¢), both sides of the semiconductor wafer are .
ground chemically, wherein the working layers have a granulation of less than #2000.

16. A method for producing 2 semiconductor wafer, comprising:

a) Providing a cylindrically ground rod of semiconductor material;

b) Slicing a semiconductor wafer from the rod; '

¢} Rounding the edge of the semiconductor wafer;

d) Processing both surfaces of the semiconductor wafer;

¢) Cleaning the semiconductor wafer; and

f) Polishing both sides of the semiconductor wafer; wherein at Jeast one
step of processing both sides of the semiconductor wafer is effected by
chemomechanically removing material from both sides of the semiconductor wafer
simultaneously by means of a process wherein said semiconductor wafer lies in freely
movable fashion in a.cutout in one of a plurality of carriers that are caused to rotate by
means of a rolling apparatus and thereby moved on a cycloidal trajectory between two
rotating ring-shaped working disks, each working disk having a working layer
comprising abrasive material, and suppiym an alkaline medium comprising no abrasive
material during processing,

wherein the process of rounding the edge in accordance with step ¢) is effected

after step d), the processing in accordance with step d) corresponds to a simultaneous
double-side grinding without supply of an alkaline medium and using grinding disks
having coarse granulation, and the semiconductor wafer that has been ground on both
sides and edge-rounded in this way is ground chemically on both sides, wherein the
working layers have a granulation of #2000-#8000.
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17. The method of claim 16, wherein edge roundmg in accordance with step ¢} is
effected both before and after step d).

18. The method of claim 16, wherein the simultaneous double-side grinding is
replaced by a lapping of the semiconductor wafer on both sides.

19. The method of claim 18, wherein, before the process of chemically grinding
both sides of the semiconductor wafer, a process of grinding both sides of a

semiconductor wafer is effected by means of grinding disks having the granulation
#2000-8000, wherein no alkaline medium is supplied during this grinding step.

20. A method for producing a semiconductor wafer, comprising:

a} Providing a cylindrically ground rod of semiconductor material;

b} Slicing a semiconductor wafer from the rod;

¢} Rounding the edge of the semiconductor wafer;

d) Processing both surfaces of the sermiconductor wafer;

e) Cleaning the semiconductor wafer; and

1) Polishing both sides of the semiconductor wafer; wherein at least one
step of processing both sides of the semiconductor wafer is effected by
chemomechanically removing material from both sides of the semiconductor wafer
simultaneously by means of a process wherein said semiconductor wafer lies in freely
movable fashion in a cutout in one of a plurality of carriers that are caused to rotate by
means of a roliing apparatus and thereby moved on a cycloidal trajectory between two
rotating ring-shaped working disks, each working disk having a working laver
comprising abrasive material, and supplying an alkaline medium comprising no abrasive
material during processing,

wherein in step d) both sides of the semiconductor wafer are ground chemically,

wherein the working layers have a granulation of less than #2000, an edge rounding step
in accordance with c) is effected both before and after step d), and the semiconductor
wafer that has been ground on both sides and edge-rounded in this way is ground
chemically on both sides a second time, wherein the working layers then have a

~ granulation of #2000-#8000.



