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Method for producing a semiconductor wafer

The invention relates to a method for producing a

semiconductor wafer.

In accordance with the prior art, semiconductor wafers
are produced in a multiplicity of successive process
steps, which can generally be subdivided into the

following groups:

a} production of a single crystal composad of
semiconductor material (crystal pulling);

b) separation of the semiconducteor single crystal into
individual wafers ("wafering", "sawing"),

¢) mechanical processing of the semiconducteor wafers;

d) chemical processing of the semiconductor wafers;

e) chemomechanical processing of  the semiconductor
wafers;

f) thermal treatment of the semiconductor wafers and/or

epitaxial coating of the semiconductor wafers.

Iin additicon there are a muitiplicity of secondary steps

such ag cleaning, measuring and packaglng.

A semiconductor single crystal is usually produced by
pulling - a single crystal from & melt (CZ cr
"Czochralski™ method) or by recrystallizing a rod
composed of polycrystalline semiconductcor material (FZ

or "fleoating zone"” method).

Known separation methods include wire sawing ("multi-

wire slicing", MWS) and internal~diameter sawing.

In the case o©of wire sawing, a muitiplicity of
semiconductor wafers are sliced from a plece of crystal

in cone work coperation.

The mechanical processing serves for removing sawing

undulations, for removing the surface layers that were
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damaged in crystalline fashion by the rougher sawing
processes or were contaminated by the sawing wire, and
primarily for global leveling of the semiconductor
wafers. Surface grinding (single-side, double-side) and
lapping are known here, and also mechanical edge

processing steps.

In the case of single-side grinding, the semiconductor
wafer is held on the rear side on a support ("chuck™)
and leveled on the front side by a cup grinding disk
with rotation of suppert and grinding disk and slow
radial advance. Methods and apparatuses for the surface
grinding of a semiconductor wafer are known from
Us-3, 905,162 and  US-5,400,548 or EP-09551Z6 for
example. In this case, & semiconductor wafer is fixedly
held on a wafer holder by one of its surfaces, while
its opposite surface 1s 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 positioned in such a way
that the rotaticon center of the semiconductor wafex
reaches a working region or the edge region formed by
teeth of the grinding disk. As a result, the entire
surface of the semiconductor wafer can be ground

without any movement in the grinding plane.

In the case of simultaneous double-side grinding
("double-disk grinding"”, DDG}, the semiconductor wafer
is sgimultanecusly processed on both sides in a manner
fleocating freely between two grinding disks mounted on
opposite colinear spindles, and in the process L1s
guided in a manner largely free of constraining ZIfocrces
axially between a water cushion {hydrostatic principle)
or air cushicn {aerostatic principle) acting on the

front and rear sides, and 1s prevented from floating
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away radially loosely by a surrounding thin guilde ring

or by individual radial spokes.

In the case of lapping, the semiconductor wafers are
moved under a specific pressure with supply of a slurry
containing abrasive materials between an upper and a
lower working disk, which are usually composed of steel
and normally provided with channels for  better
distribution of the lapping agent, whereby

semiconductor material is removed.

DE 103 44 602 A1 and DE 10 2006 032 455 A1  disclose
methods for the simultanecus grinding at the same time
of both sides of a plurality of semiconductor wafers
with a movemsnt sequence similar o tThat of lapping,
but characterized by the fact that abrasive is used
which is fixedly Dbonded in working layers ("films",
"pads") applied to the working disks. A method of this
type 1s referred to as "fine grinding with lapping

kinematics" cr "planetary pad grinding”™ (PPG).

Working layers which are used in the case of PPG and
which are adhesively bondad onto the two working disks
ars described for examples in U8 5,007,407 A  and
US 6,599,177 BZ. During processing, the semiconductor
wafers are inserted into thin guide cages, so-called
carriers, which have corresponding Cpenings for
receiving semiconductor wafers. The carriers have an
outer toothing which engages intc a relling apparatus
comprising inner and outer tTocthed rings and are moved
by means of said rolling apparatus in the working gap

formed between upper and lower working disks.

The edge of the semiconductor wafer including any
existing mechanical markings such as an orientation
notch is usually processed as well ("edge rounding",
"edge notch grinding”). Conventional grinding steps

with profiled grinding disks or belt grinding methods
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with continucus or periodic teool advance are used for
this purpose.

These edge rcunding 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.

The wafer edge that has been ground and treated with an
etching medium is usually polished in a later
processing step. In this case, the edge of a centrally
rotating semiconductor wafer 1s pressed against a
centrally rotating polishing drum with a specific force
(contact pressure). US 5,989,105 disclcocses an edge
polishing method of this type wherein the polishing
rum 1s compesed of zan aluminum alloy and has a
pelishing pad appllied to it. The semiconductor wafer is
usually fixed on a flat wafer holder, a so-called
chuck. The edge of the semiconductor wafer projects
bevond the chuck, such that 1t Is freely accessible for

the pcelishing drum.

The group  of chemical processing steps usually

comprises wet-chemical cleaning and/or etching steps.

The group ocf chemomechanical processing steps comprises
polishing steps by which, through in part chemical
reaction and in part mechanical material removal
(abrasion) the surface 1s smoothed and residual damage

of the surface is removed,

While the pcolishing methods that work on one side
("single-side ©polishing®™) generally lead to poorer
plane-parallelisms, polishing methods acting on both
sldes ("double~-side polishing") make it possible to

produce semiconductor wafers having improved flatness.

After the grinding, <c<leaning and etching steps, in

accordance with the prior art, the surface of the
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semiconductor wafers 1s smoothed by removal polishing.
In the case of single-side polishing (SSP),
semiconductor wafers are held on the rear side on a
support plate by means of cement, by vacuum or by means
of adhesion during processing. In the case of double-
side polishing (DSP), semiconductor wafers are loosely
inserted into a thin toothed disk and polished on the
front and rear sides simultanecusly  in "freely
floating” fashion Dbetween an upper and a lower

polishing plate covered with a polishing pad.

Furthermore, the front sides of the semiconductor
wafers are often polished in haze-free <fashion, for

example by means of a soft polishing pad with the aid

of an alkaline polishing scl. This step 1s often
referred to as CMP polishing ("chemomechanical
polishing™; in  the literature. CMP methods are
disclosed for example in US 2002-0077039 and in

Us 2008-0305722.

The prior art likewise discloses the so-called "fixed
abrasive polishing” (FAP) technologies, wherein the
gsilicon wafer 1is polished on a polishing pad which,
however, contalins an abrasive material bonded 1in the
polishing pad ("fixed-abrasive pad"). A polishing step
in which such an FAP polishing pad is used 1is

hereinafter referred to for short as FAP step.

WO 99/55491 Al describes a two-stage polishing method,
comprising a £first FAP polishing step and a subseguent
second CMP polishing step. In CMP, the polishing pad
containg no bonded abrasive material. Here, as in the
case of a D3P step, abrasive material is introduced in
the form of a slurry between the silicon wafer and the
polishing pad. Such & two-stage pcelishing method is
used, in particular, to eliminate scratches left by the

FAP step on the polished suriface of the substrate.
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The German patent appliication DE 102 007 035 Zeé Al
describes a method for polishing a substrate composed
of silicon material, comprising two polishing steps of
the FAP tvype, which differ in that in one polishing
step a polishing agent slurr containing unbonded
abrasive material as sclid 1s introduced between the
substrate and the polishing pad, while in the second
polishing step the polishing agent slurry 1s replaced

by a polishing agent solution that is free of solids.

Semiconductor wafers are often provided with an
epitaxial layer, that is to say with a layer grown in
monocrystalline fashion and having the same crystal

rientation, on which semiconductor compcnents are
applied later. Such epitaxially cocated semiconductor
wafers have certain advantages over semiconductor
wafers composed of homogenecus material, for example
the prevention of charge reversal 1in bipolar CMOS

circuits followed by the short circuit of the component

{("latch-up" Dproblem), lower defect densities {for
exanple reduced number of COPs ("crystal-originated
particles™) and the absence of an appreciable oxygen

content, whereby it 1is possible to rule cut a short-
circuit risk owing to oxvgen precipitates in component-

relevant regions.

Wnat is crucial is how the above-described mechanical
and chemomechanical or purely chemical method steps are
arranged in a process sequence for producing &

semiconductor wafer.

It is known that the polishing steps such as 33F, DSP
and CMP, the etching treatments and the epitaxy step
lead to a detericration in +the flatness o¢f the

semiconductor wafer particularly in the edge region.

Therefore, endeavors have been made 1n the prior art to

minimize the material removal during pelishing, in
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order also to limit the deterioration in flatness to a

minimum.

US 5942445 A proposes slicing (sawing) a semiconductor
walfer from the crystal, rounding the =edge of the
semliconductor wafer, then carrying out a grinding step,
which can comprise a double~side grinding and a single-
side grinding of front and rear sides of the
semiconductor wafer, subjecting the semiconductcr wafer
to an alkaline wet etch, and finally polishing the
semiconductor wafer by means of DSP. The double-side
grinding can alsc be replaced by a lapping step. A
plasma etch can also be effected after the wet etch.
Finally, the grinding steps and the wet etch can be
replaced by a plasma etch.

The semiconducter wafers polished by means of D3P which
are obtalnable by this method have an unsatisfactory
geometry in the edge region owing to the use of wet-
chemical treatments and the plasme-aszsisted chemical
etching (PACE). Thus, at Dbest semiconductor wafers
having acceptable flatness values are available 1f an
edge exclusion of at least 2 mm 1s always taken as a
basis, ct. ITRS "Rcadmap®. The nanctopology, in
particular, is adversely infliluenced by etching methods.
In order to improve the nanctopology after the etching
step, in DSP  an increased material removal is
necessary, but the latter in turn adversely infiuences

the geometry in the edge region.

In order to bs able tco provide semiconductor wafers for
future technology generations which meet the stringent
requirements made of the edge region of a semiconductor
wafer, that is to say 1in order, for example, to make
even the outermost edge region of the wafer accessible
to the modarn lithographic methods (lmmersion

lithography), other approaches are necessary.
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The problem area described gave rise to the stated object
of the present invention, namely of providing a novel
process sequence for producing semiconductor wafers in

particular having a diameter of 450 mm.

According to an aspect of the invention, there is provided
a method for producing a semiconductor wafer, comprising in
the stated order:

{a) bilateral material-removing processing of the
semiconductoxr wafer, the semiconductor wafer being
separated from a single crystal;

{b) rounding off an edge of the gemiconductor wafer:

(¢) grinding of front and back sides of the sgemiconductor
wafer, the grinding of each side including holding one of
the sides with a wafer holder and working the other of the
sides with a grinding tool;

{(d) polishing at Least one of the front and back sides of
the semiconductor wafer by means of a polishing cloth
comprising firmly bound abrasives;

(e) treatment of Dboth front and back sides of the
semiconductor wafer with an etching medium so as to carry
out a material removal of no more than 1 um on each of the
front and back sides of the semiconductor wafer;

(f) polishing of the front side of the semiconductor wafer
using a polishing cloth having firmly bound abrasives and
simultaneous polighing the back side of the semiconductor
wafer by means of a polishing cloth which contains no
abrasives, while providing a polish including abrasives
between the back side of the semiconductor wafer and the

pelishing cloth that is free of abrasives;
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(g) polishing the edge of the semiconductor wafer;
(h} polishing the back side of the sgemiconductor wafer by
means o©of a polishing cloth comprising firmly bound
abrasives and simultaneous polishing the front side of the
semiconductor wafer by means of a polishing c¢loth which
contains no abrasives while providing a polish including
abrasives between the front side of the semiconductor wafer
and the polishing cloth that is free of abrasives.
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Firstly, a semiconductor wafer is sliced from a single
crystal composed of semiconductor material, grown by means
of CZ or FZ. The semiconductor wafer is preferably sliced by
means of a wire saw. The slicing of the semiconductor wafer
by means of a wire saw is effected in the manner known e.g.
from US 4655191, EF 522 542 Al, DE 39 42 671 Al or EP 433
956 Al.

The grown single crystal composed of semiconductor material
is preferably a single crystal composed of silicon. The
semiconductor wafer is preferably a monocrystalline silicon

wafer.

The essential steps of the method according to the
invention and the preferred embodiments thereof axe
explained below in detail.

Step (a) - Double-side material-removing processing of

the semiconductor wafer sliced from a single crystal

In step (a) of the method according to the invention, both
sides of the semiconductor wafer are subjected to

material-removing processing.

This can be done by means of sgimultanecus double-gide
grinding (DDG} or by means of PPG {planetary pad grinding).
A lapping step is less preferred in the method according to

the invention.

DDG machines according to the prior art, as are described
for example in JSP2006-280155A and JP2002-3073203A have two
grinding wheels which 1lie oppesite 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 simultanecusly by the two grinding wheels rotating
about their axisg, while it
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is held in position by & ring-shaped holding and
rotation device and at the same tTime rotated about its
own axlis. During the grinding operation, the two
grinding wheels are advanced in an axial direction
until the desired final thickness of the workplece has

been reached.

The holding and rotation device may, for example,
comprise Ifriction wheels which engage on the edge of
the workpiece. However, 1t may also be a device which
surrounds the workpilece in ring-shaped fashion and
engages in a score, groove or notch which is possibly
present at the periphery of the workpiece. A device of
this type 1s normally referred to as a "notch finger”.
In order to process the entire areaz of the workpiece,
the workpiece is guided relative to the grinding wheels
in such a way that the abrasive grinding segments of
the grinding wheels describe a circular path which runs

constantly cver the center of the werkplece.

In this case, the workplece is nct generally in & fixed
position, but rather 1s held axially in position by two
apparatuses for hydrostatic bearing, referred to as
"hydropads™, which are fitted on both sides of the
workpiece. Apparatuses of this type are desgcribed in
JP2002-280155A, In accordance with the prior art, those
surfaces of the two hydropads which face the workpiece
are configured in planar fashion and oriented parallel
Lo one another. Each hydropad comprises a plurality of
hydrostati hearings, between which grooves for
discharging the medium used for the hydrostatic bearing
(referred to hereinafter as the "hydro-bearing medium”)

and the grinding coclant are arranged.

In each case one or more measuring sSensors are
integrated into the hydropads, allowing the distance
between the surface of the hydropads and the workpiece
gurface to be measured during the grinding operation.

This distance measurement 1s usually carried out with
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the aid of dynamic pressure tubes as a pneumatic
dynamic pressure measurement. The dynamic pressure
tubes are designed as simple bores in the edges of the
hydrostatic bearings, which form the guide surfaces. To
enable the distance between the hydropads and the
workpiece to be measured as close as possible to the
location of grinding processing, the dynamic pressure
tubes are generally arranged close to that edge of the

hydropads which is adjacent fo the grinding wheels.

PPG 1s a method for the simultaneous double-side
grinding of & ©plurality of semiconductor wafers,
wherein sach 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 1s thereby moved on a cycloidal
trajectory, wherein the  semigonductor waisrs are
processed in material-removing fashion between two
rotating working disks, wherein each working disk

comprises a working layer containing bonded abrasive.

The use of a PPE methed in step (a; of the method

according to the invention is especlally preferred.

Preferably, the semiconductor wafer to be processed by
PPG already has a rounded edge, but 1s once again
subjected to such edge rounding after the PPC step has
been carried out. It has been found that such an edge
rounding step divided into two parts affords
advantages, especially since the PPG method 1in the case
of semiconductor wafers having rounded edges apparently
leads to semiconductor wafers having better geomeiry

and nanotopography.

A herd material having a Mohs hardness of =2 & 1is
preferred as abrasive bonded in the working layers.
Appropriate abrasive materials are preferabply diamond,
silicon carbide (31C), cerium dioxide (Ce0;), corundum

{aluminum oxide, 21,0z}, zirconium dioxide (ZrCz}, boron
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nitride (BN; cubic boron nitride, CBN), furthermore
silicon dioxide (81i0;), borcon carbide {(BsC), tThrough to

significantly scofter materials such as barlum carbonate

{BalCs), calcium carbonate (CaCOs) or magnesium
carbonate (MgCOz;). bDiamond, =ilicon carbide (51C) and
aluminum oxide (B150%; corundum) are warticularly

preferred, however.

The average grain size of the abrasive should be less
than 9 pm. The preferred size of the abrasive grains
bonded in the working layers ig on average 0.1 to ¢ um,
and particularly preferably 0.1 to € um in the case of
diameond as abrasive. The diamonds are preferably bonded
individually or as clusters in the bonding matrix of
the working layer. In the case of cluster bonding, the
graln diameters specified as preferred relate to the

primary particle size of the cluster constituents.

Working layers with ceramic bonding are preferably
used; a synthetic resin beonding 1s particularly
preferred; in the case of working layers with clusters
also a hybrid-bonded system (ceramic bonding within the
clusters and synthetic resin bonding between clusters

and working layer matzix).

The hardness of the working laver is preferably at
least 80 Shore A. Particularly preferably the working
layer 1is constructed in multilayer fashion, the upper
and lower layers having different hardnesses, with the
result that point elasticity and long-wave compliiance
of the working layer can be adapted to the method

requirements independently of one ancther.

Prior to the first use of a working layver, the abrasive
materials bonded into the working layver are preferably
uncovered by removing the topmost layer in order to
make them usable for the grinding operation. This
initial dressing is carried out for example with the

aid of grindstones or Dblades that are preferably
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mounted on specifically modified carriers and lead over
the two working disks by means of the rolling

apparatus.

The dressing is preferably effected using grindstones
containing abrasive grain having a simlilar grain slze
to the abrasive in the working layers. These "dressing
blocks™ may be for example ring-shaped and inserted
into an externally toothed driver ring, such that they
can be guided along between the upper and lower working
layers in a suitable manner by means of the rolling
apparatuses of the grinding machine. During trimming,
the dressing blocks preferably sweep over the entire
area of the working layers and particularly preferably
even temporarily or else continucusly run somewhat
beyond the edge of said layers. Preferably, the
abrasive grain is bonded in the dressing block in such
a way that the wearing of the dressing blocks stiil
permits an ecconomic dressing operation, but during the
dressing process at least one laver of locse dressing
block g¢grain i1is always situated in the working zone
between dressing block and working layver surface, with
the result that the dressing is predominantly effected

by free {unbonded) grain.

This is because 1t has been shown that the dressing
process produces a disturbed layer near the surface in
the working layer, the depth of which has approximately
the extent of the dressing grain. Therefore, a dressing
block with excessively coarse grain 1mpresses on the
working laver & structure that 1s characterized by the
grain of the dressing block and not by the properties
of the working layer. This 1s disadvantageocus for the
desired process of self-dressing the working layer as
uniformly as possible in  the subseguent grinding
operation. An excessively fine dressing block yields
too little material removal and leads to an uneconomic
dressing operation. Finally, i1t has been shown that

dressing predominantly by means of free dressing grain,
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on account of the rolling movement of the dressing
grain during the dressing movement, exerts less
directed ferces on the working layer than dressing by
means of predominantly fixed dressing grain and the
result is a dressed working laver which, although

rougher, is particularly isotropic.

Preferably, a grain that 1s softer than the abrasive
grain used in the working layer i1s used for dressing or
trimming the working layer. The dressing grain is

particularly preferably made of corundum {(AL,03).

Abrasive material residues that have Dbecome Dblunt
through continuous wear o©f the working layer are
preferably removed and new abrasive materials with a
nigh capacity for cutfing are continucusly uncovered.
Continuous operation up To the complete wear of the
working layvers 1s thereby possible. This operating
condition  without intervening subsequent dressing
intervention is referred to as "self-dressing working"
of the working layers and 1s particularly preferred.
The engaging of the grains exposed at the surface of
the working layers intc the surface of the
semiconductor layers and the material removal eiffected
by the relative movement of working layer and
semiconductor wafers are technically referred to as
"multigrain grinding with a geometrically indeterminate

cutting edge".

It is furthermore preferred for the material removal to
be effected by predominantly areal engagement of the
working layer. "Areal engagement” should be understood
to mean that that part of the area of the working layer
which 1s actuslly in contact with the semiconductor
wafer on average during the grinding machining 1s
significantly larger than the contact area o¢f the
grinding coating of a cup grinding disk in the case of
processing by means of a conventional cup grinding disk

grinding process, for example DDG or SSG.
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The carriers are preferably produced from a completely
metal-free material, for example a ceramic material.
However, carriers having a core made of, for example,
steel or stainless steel which are coated with a non-
metallic coating are also preferred. Such a coating
preferably comprises thermoplastics or thermosetting
plastics, ceramic or organic-incrganic hybrid polymers,
diamond ("diamond-1like carbon', DLC)Y, but as an
alternative alse & hard chromium plating or nickel-~

phosphorus coating.

In the case of carriers made of metal or having a metal
core, the walls of the cutouts for receiving the
gsemiconductor wafsrs are preferably lined with a
ceramic material. As a result, there 1s no direct
contact between the semiconductor wafer and the metal

of the carrier.

Preferably, the cutouts for receiving the semliconductor
wafers in the carriers are provided eccentrically with
respect to the center of the respective carrier in such
a way that the midpoint of the carrier lies ocutside the
ares of the semiconductor wafers. A carrier preferably
has three to eight cutcuts for semiconducter wafers.
During a grinding operation, preferably five to nine
carriers are simultaneously situated in the grinding

machine.

The pressure with which the working layers are pressed
against the semiconductor wafers during machining, and
the path velocity of the semiconductor wafers over the
working lavyers are preferably chosen during the main
load step such that the total removal rate, 1.e. the
sum of the removal rates on both sides of the
semiconductor wafers, amounts to 2 to 60 um/min. Main
load step should be understood to mean the processing
phase within which the greatest proportlicen of the total

removal in the entire grinding treatment Is brought
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about, in which processing phase should in turn be
understood to mean a time segment during which all the
method parameters remain constant. Generally, the main
load step 1s the processing phase with the highest
pressure c¢r the proporticnally longest duration or
poth. In the case of a working layer wit abrasive
graing made of diamond having an average size of 3 to
1% um, a removal rate of between 2.5 and 25 um/min 1s

particularly preferred.

For the pressure which the working disks exert on the
semiconductor wafers during the main load step, a range
of 0.007 to 0.5 bar is preferred and a range of 0.012
to 0.3 bar is particularly preferred. For  this
specification, the pressure is related %o the total
area of the semiconductor wafers situated for
processing in the apparatus, and not to the effective
contact area between working layer and semiconductor

wafers,

Furthermore, it 1s preferred for the working disks to
rotate in an opposite sense with regard to the average
circulating speed of the carriers during the main lcad
step of processing. In addition, 1t 1s particularl

preferred for the ©pressures, rotational speeds and
hence path velocities to assume different values for
the various processing phases. Finally, 1t 1is also
particularly preferred for the working disks to rotate
in the same sense in specific low-pressure processing
phases ("spark out" phases). Such a spark out phase 1is
expedient, and therefore preferred, particularly right

at the end of the entire grinding treatment.

Temperature preveiling in the working gap formed
between the working lavers 1s preferably kept constant
during processing. For this purpose, the carriers can
have openings through which cooling lubricant can be
exchanged between lower and upper working disks, such

that upper and lower working layers always have the
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same temperature,. This counteracts an undesired
deformation o¢f the working gap formed Dbetween the
working layers as a result of the deformation of the
working layers or working disks on account cif thermal
expansion under alternating load. Moreover, the cocling
of the abrasives bonded in the working layers 1is
improved and becomes more uniform, and the effective

service life thereof is thereby increased.

The cooling lubricant used preferably comprises a
water-based mixture with wviscosity-modifying additives
such as, for example, glycols, short- or longer-chain
polyethylene glycels, alcohels, sols or gels and
similar materials which are known as cooclants or

iubricants.

However, a particularly preferred cooling lubricant is

also pure water without any additive.

The amcunts of ceooling lubricant that are fed to the
working gap via the passage in the upper working disk
are preferably within the range of between (.2 and
50 1/min and particulariy preferably between 0.5 and
20 1/min,

The preferred initial thickness pricr to processing by
step a) of the method according to the invention is 500
to 1000 pm. For silicon wafers having a diameter of
300 mm, an initial thickness of 775 to 950 pym 1is

particuiarly preferread.

The final thickness of the semiconducfor wafers after
processing according to step a) of the method according
to the invention 1s preferably 500 to 850 upm, and

particularly preferably 775 to 870 pm.

The total removal, 1.e. tThe sum of the individual

removals from both sides of the semiconductor wafer,
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preferably amounts fo 7.5 to 120 pm, and particularly

preferably 15 to S0 um.

It is preferred to determine the form of the working
gap formed between the working layers during grinding
and to alter the form of the working surface of at
least one working disk mechanically or thermally
depending on the measured geometry of the working gap
in such a way that the working gap has a predeiined

form.

Preferably, the semiconductor wafers temporarily leave
the working gap, delimited by the working layers, with
a part of their surface during processing, the maximum
of the excursion 1in the radial direction before more
than 0% and at most 20% o¢f the diameter of the
semiconductor wafer, the excursion being defined as the
length - measured relative to the working disks in the
radial direction -~ by which a semiconductor wafer
projects beyond the inner or outer edge of the working

gap at a specific point in time during grinding.

Step (b} - Rounding of the edge of the semiconductor

wafer:

In step {(b) the semiconductor waier 1s provided with a

rounded edge.

For this purpose, the semiconductor wafer is fixed on a
rotating table and delivered by 1ts edge against the
likewise rotating working surface of a processing tool.
The processing tools used in this case can be embodied
as disks which are secured to a spindle and have
circumferential surfaces serving as working surfaces
for processing the edge of the semiconductcor water. The
material-removing grain can be fixedly anchored in the
working surfaces of the processing tools. The grain

used normally has a coarse granulation. The average
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grain size is in this case preferably greater than or

egual to 10 um.

These grinding processing tools are suitable for
providing the semiconductor wafer with a rounded edge.
After edge rounding, however, a certain minimum

roughness usually remains on the edge surface.

In a later processing step, the wafer edge that has
been ground and treated with an etching medium 1is

therefore polished in step (g).

For the case where PPG 1s used in step (a) of the
method, it is preferred to carry out two edge grinding
steps, the first edge rounding being effected pricr to
the PPG step.

Step (¢) Grinding of front and rear sides of the

semiconductor wafer

Both sides of the semiconductor wafer are ground in

step ¢) of the method.

rrj

ront and rear sides are preferably ground

segquentially.

For this purpose, the semiconductor wafer held on a
wafer holder and a grinding disk lying opposite are
rotated independently of one another, the grinding disk
being arranged in a manner laterally offset relative to
the semiconductor wafer and in this case being
positioned in such a way that an axial center of the
semiconductor wafer reaches a working region of the
grinding disk, the grinding disk being moved at an
advancing spesd in the direction of the semiconductor
wafer, whereby grinding disk and semiconductor wafler
are delivered to one another, while semiconductor wafer
and grinding disk rotate about parallel axes, such that

a surface of the semiconductor wafer Is ground, the
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grinding disk being led back at a returning speed after

a specific material removal has been attained.

It is preferred for grinding disk and semiconductor
wafer to be delivered by a distance of 0.03-0.5 um
during a revolution of the semiconducteor wafer. The
choice of delivery during a revelution of  the
semiconductor wafer of 0.03-0.1 um is especially

preferred.

Preferably, a grinding disk having a grain size of
greater than or egual to #2000 is used, especially
preferably #2000 - #8000.

The grain size i1s usually specified in # ("mesh") in
accordance with Japanese Industrial Standard
JIS R 6001:1958.

An average particle size can be calculated from the

mesh figures:

1f grinding disks having fine granulation are used, the
term fine grinding is often also employed. Such fine
grinding disks have e.g. a granulation of from #1000 up
to #4000, e.g. those commercially availlable from Disco

Corporation.

It emerges during the conversion into particle sizes
that, by way of example, #1200 corresponds to an
average particle gize of 9.5 um, #5000 corresponds to
an average particle size of 2.5 um and  #800C

corresponds to an average particle size of 1.2 wm.

The average particle sizes during fine grinding are
therefore approximately greater than or equal to 1 um

and less than or egual to 10 um.

A sequence of two serial grinding steps is particularly

preferred, wherein the first step 1s carried out using
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grinding disks having a granulation o¢f 1less than cor
equal to #Z000 in crder to obtain the highest possible
removal rates and shortest possible process times
(cearse grinding) and the second, subseguent step is
carried out using grinding disks having a granulation
of greater than #2000 and less than or egual to #8000
in order to obtain particularly smoothly ground wafers
with minimal damage of approximately 1 um {fine

grinding) .

A preferred total removal in the fine grinding step is
25 um, given gymmetrical removal of approximately

12.5 um per side.

The rotational speed of the grinding disk is preferably
1000-5000 min™".

The rotational spesed o©f tThe semiconductor wafer 1is
preferably 50-300 min™, especially preferably 200-

300 min™".
The advancing speed is preferably 10-20 pm/min.

Step (d) - FAP polishing cof at least one side of the

semiconductor wafer

In step (d) at least one side of the semiconductor
wafer 1g polished by means of a polishing pad

containing abrasives.

Preferably, only the front side of the semiconductor

wafer is polished in step (dj.

Preferably, only the rear side of the semiconductor

wafer is polished in step (d).

Preferably, both front and rear sides of the

semiconductor wafer are polished in step (d).
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During the polishing step, a pelishing agsnt solution
that iz free of solids 1s preferably introduced between
that side of the semiccnductor wafer which 1s to be

polished and the polishing pad.

The polishing agent solution 1s, in the simplest case,
water, preferably deionized water (DIW) having the

purity customary for use in the semiconductor industry.

Howsver, the polishing agent solution can also contain
compounds such as sodium carbonate (Na,C03), potassium
carbonate (K;C0z), scdium hydroxide (NaOH), potassium
hydroxide {KCH} , ammonium hydroxide (NH4,OH),
tetramethylammonium hydrexide (TMAH) or any desired
mixturss thereof. The use of potassium carbonate is
especially preferred. In this case, the pH value cf the
polishing agent soclution preferably lies in a range of
10 to 12 and the proportion of the stated compounds in
the polishing agent solution 1s preferably 0.01 to 10%
by weight, particularly preferasbly from 0.01 to 0.2% by

welght.

The polishing agent sclution can Ifurthermore contailn
one or more further additives, for example surface-
active additives such as wetting agents and
surfactants, stabilizers acting as protective colloids,
preservatives, biocides, alcohols and complexing

agents.

A polishing pad 1s used which contains an abrasive

material bonded in the polilishing pad (FAP or FA pad).

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

as silicon carbide, bhoron nitride and diamond.

Particularly suiltable polishing pads have a suriace

topography characterized by replicated microstructures.



15

20

30

35

e
Saild micreostructures ("posts") have for example tLhe
form of columns having a cylindrical or polygonal cross

section or the form of pyramids or btruncated pyramids.

More detailled descriptions <©f such polishing pads are

contained for example in WO 22/13680 Al and
Us 2005/227590 Al.

The use o0of a polishing pad having cerium oxide
abrasives fixedly bonded therein, as described e.g. in

Us 6602117 Bl is especially preferred.

The grain sizes of the FAP pcoclishing pads used {size of
the fixedly  bonded abrasives / particles) are
preferably g¢reater than or egual to 0.1 um and less

than or equal to 1.0 um.

P2 particle size of 0.1-0.6 mm is particularly
preferred.

A particle size of 0.1-0.25 um is especlally preferred.

Removals of greater than or egual to 1 um per side are

preferably emploved for the FA polishing, where in this

regard the range of 1 - 3 um is particularly preferred
and a range of 1.5 - 2 um 1s especially preferably
employed.

The wafers processed by means of the FA polishing have
preferably previously been processed on both sides by
means of grinding disks with a granulaticn of #2000-

#8000 (fine grinding).
Step (e) - Etching or cleaning of a semiconductor wafer
In step (e) of the method according to the invention,

both sides of the semiconductor wafer are treated with

an etching medium in conjunction with a material
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removal of not more than 1 pm per side of the

semiconductor wafer.

The minimum material removal per side of the
semiconductcor wafer 1s preferably 1 menolayer, *that is

to say approximately 0.1 nm.

The semiconductor wafer 1s preferably subjected to a

wet—chemical treatment with an acidic medium.

Suitable acidic media include agueous sclutions of

hydrofluoric acid, nitric acid or acetic acid.

It is especlally preferred for the semiconductor wafer
to be treated with a gaseous medium containing hydrogen
fluoride and at least one oxidizing agent thet oxidizes
the surface of the semiconductor wafer. In this case,
it is particularly advantagecus 1f the gasecus medium
flows against the surfaces of the semiconductor wafer

at a relative speed in the range of 40 mm/s to 300 m/s.

The gaseous medium therefore contains hydrogen fluoride
and at least one oxicizing agent. The oxidizing agent
must bhe able to oxidize the semliconductor material,

e.g. silicoen.

When a silicon surface 1s coxidized, by way of exzample,
& silicon oxlide, prefsrably silicon dioxide arises.
This 1n turn 1s chemically &attacked Dby hydrogen
fluoride, giving rise to hexafluorosilicic acid
(H25iFg), silicon tetraflucoride (SiFs) and water as
reaction preoducts, which are discharged by the stream
cof the gasecus medium. The gaseous medium can
furthermore contailn further constituents, for example
inert carrier gases such as nitrogen or argon, in order

to influence the flow conditiocons and removal rates.

It is preferred to use at least one oxidizing agent

selected from the group consisting of nitrogen dioxide,



10

15

20

25

35

_25__
czone and chlorine. If pure chlorine 1is used, 1t 1s
necessary to add water vapor in order tce oxidize the
silicon surface. If a mixture of nitrogen dicxide and
chiorine and ozone and c¢hlorine 1s used, the addition
of chlorine serves to use the water which 1s released
in the reacticn of hydrogen flucoride with silicon

dioxide to further oxidirze the silicon surface, and

. thereby to prevent condensation of the waler released

in the reaction even at low flow velocities and
temperatures. it is particularliy preferred to use
ozone, owing to i1ts high oxidation potential, the fact
that the reaction products do not present any problems,
and the ease of providing 1t by means of ozone
generators that are in widespread use in the

semiconductor industry.

In rder To produce the gaseous medium, the
constituents can be mixed in the desired guantitative
ratio. The ratic of hydrogen flucocride to oxidizing
agent is typically chesen in the range of 1:1 to 4:1.
The gaseous medium can be supplied either by the
individual components being passed directl into the
process chamber or a mixer connected upstream thereof,
or by the gaseous oxidizing agent beling passed through
a liguid agueous solution of hydrecgen flucride having &
suitable concentration. This can take place, for
example, 1n a so-called washing bottle or a comparable
apparatus. As the gaseous oxidizing agent passes
through the aqueous solution, it is enriched with water
and hydrogen fluoride, such that the reguired gaseous

medium arises.

With the same method parameters and a constant ratic of
hydrogen fluoride to oxidizing agent, an increase 1in
the temperature and an increase in the concentrations
exhibit a reaction-accelerating effect.

The etching 1n the gas phase serves to reduce the

roughness of the semiconductocr water, whereby the
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reguired polishing removal can be reduced, and in
additicon to remove 1mpurities and reduce surface

defects in the crystal structure.

The cleaning and etching methods described are

preferably effected as single-wafer treatment.

Specifically for a semiconductor wafer Thaving a
diameter of 450 mm that 1is particularly preferred in
the context of the method according to the invention,
the SSEC 3400 ML from Solid State Eguipment Corp./USA,
which is designed for substrates up tcoc a size of

500 mm x 500 mm, is suitable for this purpose.

Step {(g) - Polishing of the edge of the semiconductor

wafer

The edge of the semiconductor wafer is polished in step

(g).

Commercially available autcomatic edge-polishing units
are suitable for carrving cut step (g) o©f the method

according to the inventiocon.

Us 5,882,105 discloses such an  apparatus ILor edge
polishing, wherein the pclishing drum is composed of an
aluminum alloy and has a polishing pad applied to it.

The semiconductor wafer is usualily fixed on a £fiat
wafer holder, a so-called chuck. The edge of the
semiconductor wafer projects beyond the chuck, such
that it i1s freely accessible for the polishing drum. A
centrally rotating polishing drum, to  which the
polishing pad is applied and which 1s inclined by a
specific angle with respect to the chuck, and the chuck
with the semiconductor wafer are deliversed To one
another and pressed onto one another with a specific
contact pressure while the polishing agent is

continuously supplied.
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During the edge polishing, the chuck with the

semiconductor wafer held thereon is rotated centrally.

rreferably, one revolution of the chuck lasts 20-300 s,
¥

particularly preferably 50-150 s (revolution time).

2 polishing drum, which 1s covered with the polishing
pad and i1s preferably rotated centrally at a rotational
speed of 300-1500 min™*, particulariy preferably 500-
1000 min™, and the chuck are delivered to cne another,
with the polishing drum being set obliquely at a
setting angle with respect to the semiconductor wafer
and the semiconductor wafer being fixed on the chuck in
such a way that 1t projects slightly beyond the latter

and 1s therefore accessible for the polishing drum.
The setting angle is preferably 30-50°.

Semiconductor wafer and polishing drum are pressed onto
one another with a specific contact pressure and with a
polishing agent being supplied continuously, preferably
with a polishing agent flow rate of 0.1-1 liter/min,
particularly preferably 0.15-0.40 liter/min, wherein
the contact pressure can be set by means of welghts
attached to rolls and is preferably 1-5 kg,

particularly preferably 2Z-4 kg.

Polishing drum and semiconductor wafer are preferably
moved away from one another after 2-20, particularly
oreferably after 2-8, revcolutions of the semiconductor

wafer or of the chuck holding the semiconductor wafer,

In these customary edge polishing methods, the local
geometry in tThe edge reglon of the semiconductor wafer
is wusually adversely influenced. This 1s assoclated
with +the fact that with the relatively "soft edge
polishing pads"” used in this case (relatively soft

polishing pads te which silica scl is applied are
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usually used), not only the edge itself but also an
outer part on the front and/or rear of the
semiconductor wafer is polished as well, which can be
explained by the hard edge "dipping" into the polishing
pad to which polishing agent slurry is applied. This
has the effect that removal 1s indeed effected not conly
in the region of the actual edge but also in the

adjcining region on the front and/or rear side.

Therefore, the edge polishing of the semiccenductor
wafer in the method according to the invention is
preferably effected by fixing the semiconductor wafer
on a centrally rotating chuck, delivering the
semiconductor wafer and a centrally rotating polishing
drum, tc which a polishing pad containing fixedly
bonded abrasives {(FAP polishing pad) 1is applied and
which 1is inclined with respect to the chuck, and
pressing semiconductor wafer and polishing drum onto
one another with the continuous supply of a2 polishing

agent solution containing no solids.

This makes it possible to influence the wafer edge in a

targeted manner without impairing the adjoining reglon

of front and/or rear side of the semiconductor water,

and thus for example to set the desired geometry and
J ¥

surface properties conly on the wafer edge.

The FAP pad used 1s significantly harder and much less
compressible than the polishing pads used as standard
and affords the advantage, moreover, oI producing the
removal without alkaline loaded silica sol - e.g. Jjust
by using an aikaline solution - , which additionally
avoids polishing agent entralnment onto the front side
of the wafer and thus the additicnal adverse
influencing of the wafer surface - in the form of e.g.

increased defect rates such as e.¢g. LLS {(localized

-

light scatterers) on account of Incipient etching.
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A short soft polishing step using softly removing
silica ecl can additicnally follow on the same FAP
polishing pad, in order to realize a reduction of the

edge roughness and edge defect rates.

The two polishing steps can then be coordinated with
one another such that a targeted positive influencing
of the wafer edge geometry and surface can be performed
without adverse influencing of the wafer partial sites

on the wafer front side and wafer rear side.

In principle, therefore, the semiconductor wafer 1is
preferably polished by me=ans of a polishing drum,
adhesively bonded on the surface of which is a hard and
not very compressible pclishing pad comprising fixedly
bonded abrasives, with an alkaline soclution being

supplied.

Freferably, a smoothing step is subseguently effected
in a second step on the same polishing pad while &
siliica sol is supplied, =such as e.g. Glanzcx 3900*% with

approximately 1% by welght of 510;.

*Glanzox 3800 1s the product name for a polishing agent
glurry offered as a concentrate by Fuiimi Incorporated,
Japan. The base sclution of this concentrate has a pH
of 10.5% and contains approximately 9% by welght of
colloidal S51i0; having an average particie size of 30 to

40 nm.

It has been found that the impalrment of the local
geometry In the edge region of the semiconductor wafer
25 observed in the prior art is entirely avoided by

such edge polishing using an FAP pad.

A further advantace is that polishing agent
entrainments in the removing step of the edge polishing

and thus the occurrence of surface defects on account
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of uncontrolled incipisnt etching on the wafer surface

are avolded.

The polishing agent soluticon wused during the edge
polishing 1s, 1in the simplest case, water, preferably
deionized water (DIW) having the purity customary for

use 1in the semiconductor industry.

However, the polishing agent sclution can also contain
compounds such as sodium carbonate (NapCOs}, potassium
carbonate (K;C0Os3), scdium hydroxide (NaCH), potassium
hydroxide (KOH), ammonium hydroxide (NHj0H), tetramethyl
ammonium hydreoxide (TMAH) or any desired mizxtures

therectf.

The use of potassium carbonate is especially preferred.

The pH value of the polishing agent sclution preferably
lies in a range of 10 tc 12 and the proportion of the
stated compounds in the polishing agent solution is
preferably G.01 to 10% by  weight, particularly
preferably from 0.01 to 0.Z2% by weight.

The pclishing agent sclution can furthermore contain
one or more further additives, for example surface-

ctive additives such as wetting agents and
surfactants, stabilizers acting as protective colloids,
pressrvatives, biocides, alcohols and complexing

agents.

L polishing agent containing aebrasives 1s used in the

preferred second step of the edge polishing.

The propcrtion of the abrasive material in the
pelishing agent slurry is preferably 0.25 to 20% by

welght, particularly preferably 0.25 to 1% by weight.

The size distribution of the abrasive material

particles is preferably markedly monomodal.
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The average particle size 1s 5 to 300 nm, particularly
preferably 5 to 50 nm.

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

cerium oy silicon.

A polishing agent slurry containing colleidalily

dispersed gilica 1s particularly preferred.

In the optional second step of the edge polishing, in
contrast to the first step, prefsrably no additives
such as gsodium carbonate ({Na,C0s3), potassium carbonate
(K2C0sz), sodium hydroxide (NaOH), potassium hydroxide
(KCOH), ammonium hydroxide (NH,CH), tetramethyl ammonium
hydroxide {TMAH) are added.

However, the polishing agent slurry can contain one or

more further additives, for example surface-active

additives uch as wetting agents and surfactants,
stabllizers acting as protective celloilds,
preservatives, biocides, alcohols and complexing
agents.

Preferably, therefore, a polishing pad containing an
abrasive material bonded in the polishing pad (FAP pad
or FA pad) is used in step (g) of the method according

to the invention.

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

as silicon carbide, boron nitride and diamond.

Particularly suitable polishing pads have a surface
topography characterized by replicated microstructures,

Said microstructures ("posts") have for example The
P
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form of columns having a cylindrical or polygonal cross

section or the form of pyramids or truncated pyramids.

More detalled descriptions cof such polishing pads are
contained for example in WO 92/13680 Al and
Us 2005/227590 AL,

The use of cerium oxide particles bonded in the
polishing pad 1s particularly preferred, of. also
UsSee0211781.

The average particle size of the FAP pclishing pad is
preferably 0.1-1.0 pm, particularly preferably 0.1-
0.25 pm.

L polishing pad having a multilayered construction
comprising & layer containing abrasives, a layer
composed of a stiff pilastic and also a complliant, non-
woven layer, wherein tThe lavers re bonded to one
another by means of pressure-sensitive adhesive layers,

is particularly suitable for carrying out the method.

The layer composed of a stiff plastic preferably

comprises polycarbonate.

The polishing pad can contain an additional laver

composed of polvurethane foam.

One of the layers of the polishing pad i1s compliant in

this case.

The compliant layer is preferably & non-woven layer.

The compliant layer preferably comprises polyester
fibers. iy layer composed of polyester fibers
impregnated with polyurethane 1s particularly suitable

LY

{"non-woven") .
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By means of the compliant layer, the pad height can be

adapted and follow continuous transitions.

The compliant layer preferakbly corresponds to the
bottommost layer of the polishing pad. Situated above
that there 1is preferably a foam layer composed of
polyurethane, for example, which is fixed on the
compliant layer by means of an adhesive layer. Situated
above the PU foam 1is a laysr composed of a harder,
stiff material, prefsrably composed of a hard plastic,
for which polycarbonate, for example, 1s suitable.
Situated above this stiff layer is the layer having the
mrcroreplicated structures, that i1s 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

below the fixed abrasive layer.

The varicus layers are fixed to one another preferably

by means of pressure-sensitive adhesive layers (PSA).

The inventor has recognized that a polishing pad
without the PU foam layer that 1ls always present in the

prior art of FAP polishing pads leads to gooed results.

In this case, 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 Dbe
either the middle or the bottommost layer of the

poiishing pad.

The grain sizes of the FAP polishing pads used are
preferably greater than or equal te 0.1 pum and less
than or egual to 1.0 um, particularly preferably 0.1i-
0.25 um.
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Steps {£f) and (h) - Double-side polishing by means of
FAP and CMP

Furthermore, there 1s carried out in step (f) polishing
of a front side of the semiconductor wafer using a
polishing pad having fixedly boncded abrasives and
simultaneous polishing of a rear side of the
semiconductor wafer by means of a polishing pad which
containsg no abrasives, but in the case of which an
abrasive-containing polishing agent is introduced
between polishing pad and rear side of the

semliconductor wafer.

Edge polishing as described above is effected in step

(g).

Afterward, there is carried out in step {(h) polishing
of the rear side of the semiconductor wafer by means of
a poliishing pad comprising fixedly bonded abrasives and
simultaneous polishing of the front =side of the
semiconductor wafer by means of a polishing pad which
contains no fixedly bonded abrasives, wherein an
abrasive-~containing pcolishing agent is introduced
between polishing pad and front side of the

semiconductor wafer.

The invention therefore provides a combined
gsimultanecus double-side polishing process in steps (f)
and (h) by wvirtue of the fact that FAF peclishing and
CMP polishing take place simultaneocusly first on the
front side/rear side and then on the rear side/front
side. The conventiconal DSP step and the subseguent

separate CMP step arse dispensed with.

Steps (£} and (h) can be carried out on existing
apparatuses for the double-side polishing of
semiconductor wafers, e.g. on a commercially available
double-side polishing machine of the AC2000 type from

Peter Wolters, Rendsburg (Germany).
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This polishing machine is equipped with pin
interlocking of the outer and inner rings in order to
drive the carriers. The apparatus can be designed for
one or more carriers. Owing to the higher throughout,
an apparatus for a plurality of carriers 1s preferred,
such as 1s described for example in DE-100 07 39C Al
and 1in which the carriers move on a planetary path
arcund the center of the apparatus. The apparatus
includes a lower and an upper pcolishing plate, which
are freely rotatable horizontally and are covered with
a polishing pad. During the rolishing, the
semiconductor wafers are situated in the cutouts in the
carriers and betwsen tThe two polishing plates, which
rotate and exert a specific pelishing pressure on them
while a polishing agent 1s continuously supplied. In
this «cass, the carriers are also set in motion,
preferably by means of rotating pin rings which engage

in teeth on the circumference of the carriers.

A typical carrier comprises cutouts feor receiving three
semiconductor waferg. Situated on the circumference of
the cutouts are inlays which are intended to protect
the fracture-sensitive edges of the semiconductor
wafers, in particular including against metals being
released from the carrier body. The carrier body can
comprise for example metal, ceramic, plastic, ZIiber-
reinforced plastic, or metal coated with plastic or
with a diamond-like carbon layer {DLC layer). Steels
are preferred, however, stainless chromium steel being
particularly preferred. The cutouts are preferably
designed for receiving an odd number of semiconductor
wafers having a diameter of at least 200 mm, preferably
300 mm, especially preferably 450 mm, and thicknesses
of 500 o 1000 um.

The polishing agent usead during the polishing by means

of a polishing pad ccntaining ne fixedly Dbonded
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abrasives comprises abrasives. A polishing agent slurry

is involwved.

The gize distribution of the abrasive material

particles is preferably markedly monomodal.

The average particle size is 5 to 300 nm, particularly

preferably 5 to 50 nm.

The abrasive material comprises a material Lhat
mechanically removes the substrate material, preferably
one or more of tThe oxides of the elements aluminum,

cerium or silicon.

The proportion of the abrasive material In the
polishing agent siurrzy i1s preferably 0.25 to 20% by

weight, particularly preferably 0.25 to 1% by weight.

The use of colloidally dispersed silica as polishing

agent slurry is particularly preferred.

The aguecus polishing agents Levasil® 200 from Bayer AG
and Glanzox 3900® from Fujimli are used, by way oI

examplea.

The polishing agent preferably contailns additives such
as sodium carbonate (NaCCa), potassium  carbonate
(K,CO4), sodium hydroxide (NaOH), potassium hydroxide
(KOH), ammenium hydroxide (NH,OH), tetramethyl ammonium
hydroxide (TMAH}.

However, the polishing agent slurry can contain one or
more further additives, for example surface-active
additives such as wetting agents and surfactants,
stabilizers acting as protective colloids,
preservatives, biocides, alcohols and complexing

agentcs.
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A polishing pad containing an abrasive material bonded
in the polishing pad (FARP or FA pad) 1s alsc used in
the method according to the invention in accordance

with steps (£} and (h).

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

as silicon carbide, boron nitride and diamond.

Particularly suitable polishing pads have a surface
topography characterized by replicated microstructures.
Said microstructures ("posts"™) have for example the
form of columnsg having a cylindrical or pelygonal cross

section or the form of pyramids or truncated pyramids.

More detailed descriptions of such polishing pads are
contained for example in WO ©92/13680 Al and
Us 2005/227590 AL,

The wuse of a polishing pad having cerium oxide
abrasives fixedly bonded therein, as described e.g. in
Us 6602117 Bl is especially preferred.

The grain sizes of the FAP polishing pads used (slze of
the fizedly bonded abrasives / particles) are
preferably greater than or equal to 0.1 pm and iess

than or equal to 1.0 pm.

A particle size of 0.1-0.6 um is particularly
&

A particle size of 0.1-0.25 pum is especially preferred.
Cne peolishing plate 1s equipped with such an FAP pad.

The second polishing plate has a conventional CMP

polishing pad applied to it.
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The CMP polishing pads used are polishing pads having a

porous matrix.

The polishing pad preferably comprises a thermoplastic
or heat-curable polymer. A multiplicity of substances
may be envisaged for the material, for example
polyurethanes, polycarbonate, polyamide, polyacrylate,

polyester, etc.

The polishing pad preferably comprises soliild,

microporous polyurethane.

It is also preferred to use polishing pads composed of
foamed plates or felt or fiber substrates, which are

impregnated with polymers.

Coated/impregnated polishing pacds can also be
configured such that there are a different pore
distribution and different pore sizes in the substrate

than in the coating.

The polishing pads can be substantlally Iflat or else

perforated.

In order to controel the porosity of the polishing pad,

fillers can be introduced into the polishing pad.

Commercially available polishing pads are, for example,
the SPM 3100 from Rodel Inc. or the pads of the DCP
series and the pads of the ICL000™, Polytex™ or SUBA™

brands from Rohm & Hass.

As menticned abeove, when carrying out polishing in
accordance with steps (£f) and (h) of the method
according to the invention on a double-side polishing
machine, as is the case for example with the AC 2000
type from Peter Wolters / Rendsburg, the s=single-side
haze-free polishing (CMP) which 1s obligatory in the

pricr art can be obviated since both the polishing



10

20

30

._39_
which determines the geometry and that which determines
the surface quality are carried out fully on one type

of machine.

In the prier art, by contrast, the stock removal and
haze-free polishing (DSP and CMP) were carried out
separately from one another and on different polishing
machines. OCnly the front side of the semiconductor

wafer was polished by means of CMP in the prior art.

In order to achieve an optimal wafer gecometry, here
primarily the edge geometry (adge roll-off
elimination), simultaneous double-side polishing with
planetary kinematics and & combined use of fixed-
abrasive and CMP polishing pads affords advantages
since the fixed-abrasive polishing process makes it
possible to dispense with a component containing silica
secl, on account of the hard pad, which can optionally
he configured with an overhang, in order to obtain the
necessary polishing removal, and additionally enables
the edge region of the semiconductor wafer to be

infiluenced in a targeted manner.

In addition, the CMP polishing is already integrated in
the context of simultansous double-side poclishing by
ona of the polishing plates being eguipped with a CMP

pcelishing pad, on which the CMP step takes place.

The double-side polishing according to the invention
takes place in two polishing substeps (f) and (h),
between which the semiconductor wafer 1s subjected to
edge polishing in accordance with step (g).

Two-stage edge polishing is preferably effected here,
wherein & first edge polishing is carried out between
the two substeps of the double-side polishing (] and
(h) and the second edge polishing is carried out after
the complete double-side polishing has ended, that 1is

to say after step (h), which makes it possible to more
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finely +tune the edge polishing by means of this
division intc two steps and thus to influence the edge
gecmetry of the semiconductor wafer as little as

possible.

Preferably, both =steps of the edge polishing are
effected by means of polishing pads having abrasives

fixedly bonded therein.

Preferably, the second edge polishing is effected with
supply of an abrasive-containing polishing agent
slurry, like the optional soft polishing step described

under {g).

In this case, the proportion of the abrasive materials
in the polishing agent slurry is preferably 0.25 to 20%
by weight.

The abrasive materials in the polishing agent slurry
are preferably selected from one or more of the group
consisting of oxides of the elements aluminum, cerium

or silicon.

The polishing agent slurry is preferably colloidally

dispersed silica.

The pH wvalue of the polishing agent slurry 1is

preferably 9 to 11.5.

-]
-

e pH value of the ©polishing agent slurry is

S

e

referably set by adding additives selected from the
group consisting of sodium carbonate (NapCOs), potassium
carbonate (K,C0O3), sodium hydroxide (NaOH}, potassium
hydroxide (KOH), ammonium hydroxide (NH.OH), tetramethyl
ammonium hydroxide (TMAH) or any desired mixtures of

these compounds.

In order to achieve a specifically desired defined rear

side roughness of the polished wafer rear side, 1t may
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be advantageous to perform additional single-side FAP

polishing of the rear side:

This is preferably carried out in three steps in each
case using a polishing pad which contains an abrasive
material bonded in the polishing pad and which is
pressed onto the rear side of the semiconductor wafer
with a polishing pressure, wherein in the first step a
polishing agent free of sclids, whereas in the second
and third steps a polishing agent containing abrasive
materials, 1s introduced between polishing pad and rear
gide of the semiconductor wafer, wherein a polishing
pressure in the first and second steps of 8-15 psi is

reduced to 0.5-5 psi in the third step.

On the planar surfaces of its rear side, the
semiconductor wafer preferably has an average surface
roughness R, in a wide range cof from 0.3 to 4.5 nm,
relative tTo the spatial wavelengths of less than or

equal to 250 um.

Syitable for determining the surface roughness 1is, by

way of example, a Chapman Surface Profiler MP 2000 wit
a 250 wm filter (spatial wavelengths greater than
250 um = waviness data, <¢f. Chapman Technical Note-
[

TE-1, Rev-01-08).

If a high rear side zroughness 1in the abovementioned
range 1s desired, FAP pads have grain sizes of 0.5~

1.0 pm are preferably used.

I1f a low rear side roughness 1s desired, FAP pads

having grain sizes of 0.1-0.25 um are preferably used.

The polishing agent solution in the Zfirst step of
polishing the rear side of the silicon wafer in the
method according to the invention is, in the simplest

case, watexr, preferably deionized water (DIW) having
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the purity custeomary for use 1in the semiconductor

industry.

However, the polishing agent solution can also contain
compounds such as sodium carbonate (Na.CC3), potassium
carbonate (K.C03), sodium hydroxide (NaOH), potassium
hydroxide {(KOH), ammonium hydroxide (NHsOH), tetramethyl
ammenium  hydroxide (TMAH) or any desired mixtures

therect.

The use of potassium carbonate is especially preferred.

A polishing agent containing abrasives is used in the
second step of polishing the rear side o©f the

semiconductor wafer.

The abrasive material comprises a material  that
mechanically removes the substrate material, preferably
composed of one or more of the oxides of the elements

aluminum, cerium or silicon.

2  polishing agent slurry containing colloidally

dispersed silica is particularly preferred.

& polishing agent contalning abrasives as used 1n the
second step is likewise wused in the third step of
polishing the rear side of the semiconductor wafer. The
volishing pressure i1s reduced by comparison with the

first and second steps from £€-15 psi to 4.5-5 psi.

Conventional ©polishing machines such as e.d. the
polishing machine "nHance 6EG" Ifrom Strasbaugh Inc. are

sultable for carrving out these pcolishing processes.

The polishing machine from Strasbaugh Inc. has one
poclishing plate with one polishing pad and one
polishing head, which processes a semilconductor wafer
fully automatically. The polishing head 1s mounted

cardanically and comprises a fixed Dbaseplate coated
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with a "backing pad", and a movable guide ring. Through
holes in the baseplate, alr cushions can be established
in two ceoncentric pressure zones, an inner and an outer
zone, the semiconductor wafer floating on sald air
cushicons during polishing. Pressure can be applied to
the movable guide ring by means of compressed air
bellows in order thus to pretension the polishing pad
upon contact with the semiconductor wafer and to xeep

it plane.

Particularly preferred embodiments

Particularly preferred embodiments A-F of the method
according to the invention are presented below. The
abbreviations PPG, DDG, FAP and CMP used have beesn

e¥plained above.

A

Slicing & wafer from the single crystal - edge rounding
- PPG - edge rounding - double-side fine grinding >
double-side FAP =~ gas phase etching - FAP of the rear

side and simultaneously CMP of the rear side > edge
polishing - FAP rear side and simultaneously CMP front

side - edgs poelishing

B

Slicing a wafer from the single crystal - edge rounding
- PPG - edge rounding - double-side fine grinding > FAP
0f the rear side - gas phase etching ~ FAP of the rear

side and simultaneocusly CMP of the rear side > edge

polishing - FAP rear side and simultansousiy CMFP front
gside - edge polishing

-

s

Slicing a wafer from the single crystal - edge rounding

o
- PPG - edge rounding - double-side fine grinding > FAP
of the front side - gas phase etching - FAP of the rear

side and simultansousiy CMP of the rear side > edge
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polishing - FAP rear side and simultanecusly CMP front

side -~ edge polishing

D

Slicing a wafer from the single crystal - DDG - edge
rounding =~ double-side fine grinding > double-side FAP
- gas phase etching - FAP of the rear side and

simultaneously CMP of the rear side > edge peclishing -

FAP rear side and simultanecusly CMP front side - edge
polishing

E

Slicing a wafer from the single crystal - DDG - edge
rounding - double-side fine grinding > FAP of the rear
side - gas phase etching - FAP of the rear side and

simultaneously CMP of the rear side > edge polishing -
FAP rear side and simultaneocusly CMP front side - edge
polishing

=
N

Slicing a wafer from the single crystal - DDG - edge
rounding ~ double-side fine grinding > FAP of the front
side =~ gas phase etching - FAP of the rear side and

simultaneously CMP of the rear side > edge polishing -
FAP rear side and simultaneocusly CMP front side - edge

polishing

The concluding step of the edge polishing is preferably

followed by a final cleaning.

Moreover, the semiconductor wafer can be subjected to a
thermal Treatment ocr be provided with an epitaxial

layer.
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Claims

Claim 1: A method for producing a semiconductor wafer comprising steps in the
order of:

(a) bilateral material-removing processing of the semiconductor wafer, the
semiconductor wafer being separated from a single crystal;

{(b) rounding off an edge of the semiconductor wafer;

(¢) grinding front and back sides of the semiconductor wafer, the grinding of each
side including holding one of the sides with a wafer holder and working the other of the sides
with a grinding tool;

(d) polishing at least one of the front and back sides of the semiconductor wafer
with a polishing cloth including firmly bound abrasives;

(e) treating both the front and back sides of the semiconductor wafer with an
etching medium so as to carry out a material removal of no more than 1 um on each of the
front and back sides;

(f) polishing the front side of the semiconductor wafer using a polishing cloth
including firmly bound abrasives and simultaneously polishing the back side of the
semiconductor wafer using a polishing cloth that is free of abrasives while providing a polish
including abrasives between the back side of the semiconductor wafer and the polishing cloth
that is free of abrasives; '

" (g) polishing the edge of the semiconductor wafer; and

(h) polishing the back side of the semiconductor wafer using a polishing cloth
including firmly bound abrasives and simultaneously polishing the front side of the
semiconductor wafer using a polishing cloth that is free of abrasives while providing a polish
including abrasives between the front side of the semiconductor wafer and the polishing cloth

that is free of abrasives,

Claim 2: ‘The method recited in claim 1, wherein step (a) includes a double-disc
grinding procedure.
Claim 3: The method recited in claim 1, wherein step (a) is carried out using

PPG.
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Claim 4: The method recited in claim 3, wherein the semiconductor wafer is
provided with a rounded edge before the PPG of step (a) is carried out, and wherein the

semiconductor wafer is rounded again during step (b) after the PPG step of step (a).

Claim 5: The method recited in claim 1, wherein the grinding of the front and

back sides in step (c) is carried out sequentially.

Claim 6: The method recited in claim 1, wherein step (c) includes using a

grinding tool having a grain size of #2000 to #8000.

Claim 7: The method recited in claim 1, wherein step (d) includes polishing the

front side of the semiconductor wafer.

Claim §: The method recited in claim 1, wherein step (d) includes polishing the

back side of the semiconductor wafer.

Claim 9: The method recited in claim 1, wherein step (d) includes polishing the

front and back sides of the semiconductor wafer.

Claim 10: The method recited in claim 1, wherein step (d) includes introducing a
polish that is free of solids between the at least one side being polished and the polishing
cloth.

Claim 11: The method recited in claim 1, wherein the firmly bound abrasives in
the polishing cloth used in step (d) are selected from the group consisting of silicon cafbide,

boron nitride, diamond and oxides of the elements cerium, aluminum, silicon and zirconium.

Claim 12: The method recited in claim 11, wherein grain sizes of the abrasives in

the polishing cloth used in step (d) are in a range from 0.1 pm to 1.0 pm.

Claim 13: The method recited in claim 1, wherein step (f) provides a material
removal on each side of the semiconductor wafer that is at least 0.1 nm and no more than |

pm.

Claim 14; The method recited in claim 13, wherein step (f) includes treating the
semiconductor wafer with a gaseous medium including hydrogen fluoride and at least one

oxidant so as to oxidize a surface of the semiconductor wafer.
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Claim 15: The method recited in claim 1, wherein step (g) includes centrally
rotating the semiconductor wafer and pressing the edge of the semiconductor wafer with a
specific force against a centrally rotating polishing drum covered by a polishing cloth
containing firmly bound abrasives and continuously supplying a polish solution that is free of

solids.

Claim 16: The method recited in claim 15, wherein the bound abrasives of the
polishing cloth used in step (g) are selected from the group consisting of silicon carbide,

boron nitride, diamond and oxides of the elements cerium, aluminum, silicon and zirconium.

Claim 17: The method recited in claim I, wherein the abrasives in the polishing
cloth including firmly bound abrasives used in steps (f) and (h) are selected from the group
consisting of silicon carbide, boron nitride, diamond and oxides of the elements cerium,

aluminum, silicon and zirconium.

Claim 18: The method recited in claim 17, wherein the polishing cloth that is free

of abrasives used in steps (f) and (h) has a porous matrix.

Claim 19: The method recited in claim 1, wherein the polish containing abrasives
used in steps (1) and (h) includes particles comprising at least one of the oxides of the

clements aluminum, cerium and silicon.

Claim 20: The method recited in claim 1, wherein the polish includes colloid-

disperse silicic acid.

Claim 21: The method recited in claim 1, further comprising a second edge

polishing after step (h) so as to provide a two-stage edge polishing procedure.

Claim 22: The method recited in claim 21, wherein the second edge polishing
includes supplying a polish suspension including abrasives, the polish including at least one
of colloid-disperse silicic acid and particles comprising at least one of the oxides of the

elements aluminum, cerium and silicon.

Claim 23: The method recited in claim 1, further comprising polishing the back
side of the semiconductor wafer after step (h), the polishing the back side comprising three
steps using a polishing cloth containing an abrasive substance bound in the polishing cloth

and pressing the polishing cloth with a polishing pressure onto the back of the semiconductor
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wafer in each of the three steps, a first of the three steps including introducing a polish free
from solids between the polishing cloth and the back side of the semiconductor wafer and
providing the polishing pressure in a range of 8 to 15 psi, a second of the three steps
including introducing a polish containing abrasives between the back side of the
semiconductor wafer and providing the polishing pressure in a range of 8 to 15 psi, and a
third of the three steps including introducing a polish containing abrasives between the back

side of the semiconductor wafer and providing the polishing pressure in a range of 0.5 to 5

psi.
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Method for producing a semiconductor wafer

Abstract

The invention relates to &a method for producing =2

semiconductor wafer, comprising in the fellowing order:

{a) removing material from both sides of the
semiconductor wafer separated from a monocrystal; (b
chamfering the edge of the semiconductor wafer; (o)

grinding the front and the back of the semiconductor
rafer, wherein one side of the semiconductor wafer is
held by means of a wafer helder, while the other side
is worked with a grinding tool; (d) polishing at least
one side »f the semiconductor wafer with a polishing
cloth that contains firmly bound abrasives; (e)
treating both sides of the semiconductor wafsr with an
etching medium, wherein the material removal amounts to
ne more than I pm per side of the semiconductor wafer;
(£) polishing a front of the semiconductor wafer using
a polishing cloth containing firmly bound abrasives and
at the same time polishing a back of the semiconductor
wafer with a polishing cloth containing no abrasives,
wherein howsver =a polishing agent containing an
abrasive is placed between the polishing cloth and the
back of the semiconductor wafer; {g) polishing the edge
of the semiconductor wafer; (h) pclishing the back of
the semiconductor wafer with a polishing cloth that
contains firmly bound abrasives and at the same time
polishing the front of the semiconductor wafer with a
polishing cloth that contains no  firmly  bound
abrasives, wherein a polishing agent contalining an
abrasive ls placed between the pcelishing cleth and the
front of the semiconductcer wafer.



