
Method for the Local Polishing of a Semiconductor Wafer The invention relates to a method for locally
polishing a semiconductor wafer. 5 The semiconductor wafer is conventionally a silicon wafer, a
substrate with layer structures such as SiGe (silicon-germanium) derived from silicon, or SOI, SGOI or
GeOI wafers. These semiconductor wafers, particularly SOI and SiGe wafers, W are intended for the
most demanding of applications, in particular for the production of ultramodern microprocessors. SOI
wafers ("silicon on insulator") are generally produced by transferring a silicon wafer from a so-called
"donor wafer" to a supporting wafer ("handle wafer" or "base wafer"). Methods for producing SOI
wafers by means of transferring a silicon wafer are known, for example, by the names Smart Cut(r)
(EP 533551 Al) or Genesis Process(r). Another method is described in WO 03/003430 A2. SOI wafers
comprise a supporting wafer and 20 a silicon cover layer ("top layer" or "device layer") which is
connected to the latter and represents the so-called active layer that is intended for the production of
electronic components. Either the complete supporting wafer consists of an electrically insulating
material such as glass or sapphire, or 25 the silicon cover layer is connected to the supporting wafer
via an electrically insulating interlayer, for example consisting of silicon oxide (in which case the
interlayer is referred to as a "buried oxide layer", BOX). In the latter case the supporting wafer does
not have to be an insulator, and it 30 may for example be a semiconductor wafer, preferably a silicon
wafer. In the prior art, besides the transfer method described above, SOT ("silicon on insulator")
structures are also conventionally 35 produced by means of the so-called SIMOX ("separation by ion
implantation of oxygen") process. In the SIMOX method, oxygen  2 is implanted at high doses into a
silicon substrate which is subsequently heat-treated and oxidized at high temperatures (> 1200C) in
order to generate a buried oxide layer in the silicon substrate. 



5 Similarly, SIMOX and layer transfer methods are also suitable for the production of SGOI
("silicon/germanium on insulator") and/or Ge0I("germanium on insulator") structures. W SiGe layers
with a high proportion of germanium, also referred to as virtual substrates, are employed inter alia for
the production of biaxially strained silicon. The strain of the silicon lattice leads to an increased mobility
of charge carriers, and is used in particular to make CMOS components 15 available which have
better performance than those having an unstrained silicon channel. Virtual substrates may in principle
be deposited directly on a monocrystalline silicon substrate, for example a silicon 20 semiconductor
wafer. With this procedure, however, defects such as misfit dislocations and threading dislocations are
formed in large numbers. Threading dislocations and their accumulations ("pile-ups") extend to the
surface of the virtual substrate and also to the surface of a strained layer of silicon deposited on 25 the
virtual substrate. Attempts have therefore been made to find a way of limiting the density of threading
dislocations and their pile-ups. Such limitation can be achieved by initially depositing a graded SiGe
buffer layer, in which the atomic fraction of germanium increases linearly ("linear 30 grading") or in the
steps ("terrace grading"). An SiGe layer with a constant germanium content is finally deposited on the
SiGe buffer layer, and in the relaxed state forms the virtual substrate. 35 The semiconductor wafers
described here must also satisfy the most stringent of requirements in terms of their geometry.  3 



Essentially, the requirements are given by the internationally agreed "Technology Roadmap for
Semiconductors" (ITRS), which is subject to an annual review. For example the 22 nm technology,
which places increased requirements on geometry, planarity, nanotopology etc., is currently in
development. In each case, the aim of the next technology generation (the 22 nm technology will be
followed by the 16 nm design rule) is higher switching speeds, higher clock rates and higher
integration densities of the microelectronic components. 10 The production methods have to
accommodate these increased requirements, so that all the wafer fabrication steps must be adapted
accordingly and often replaced by other, new processes. SiGe and SOT wafers, which are expected to
become very important in the future, entail additional problems which the present invention addresses.
In the layer transfer method described above, the donor wafer 20 employed should conventionally be
reusable. After separation of the donor wafer, however, steps are found at the edge of the wafer which
would need to be eliminated before reusing the wafer (in order to transfer a silicon wafer). 25 In the
SiGe technology, the problem arises that there is also SiGe on the frontside of a wafer which is coated
with heavily doped SiGe on its backside. When depositing epitaxial layers, material is often also
deposited on the side which is not to be coated. This may even occur during the conventional
deposition 30 of an epitaxial Si layer on an Si wafer, which in this case is observable as thickening at
the edge. Furthermore, many semiconductor wafers exist in concavely or convexly polished form. An
example which may be mentioned here 35 is the wafer being thicker at the edge than in its inner
region, or at the center of the wafer.  4 In the described cases, it would be desirable to eliminate these
edge steps, the undesired coating in the edge region or the undesired thickness increase in the edge
region. S 



This represents the object of the present invention. The object is achieved by a method for locally
polishing one side of a semiconductor wafer, in which the semiconductor wafer 10 is pressed by
means of a rotatable polishing head with its side surface to be polished against a polishing pad lying
on a rotating polishing plate and containing firmly bound abrasive, wherein the polishing head is
provided with a resilient membrane and radially subdivided into a plurality of chambers 15 by means of
gas or liquid cushions, and the exerted polishing pressure can be selected differently for each
chamber, wherein the semiconductor wafer is held in position during this by a retainer ring which is
likewise pressed against the polishing pad with an application pressure, wherein a polishing agent is
20 introduced between the semiconductor wafer and the polishing pad, and the polishing pressure
exerted on the semiconductor wafer in a chamber lying in the edge region of the semiconductor wafer
of the polishing head, and the application pressure of the retainer ring, are selected so that material is
25 essentially removed only at the edge of the semiconductor wafer. Basically, the semiconductor
wafers are pressed with the aid of a "polishing head" with their side surface to be polished 30 against
the polishing pad lying on a polishing plate. A polishing head also comprises a "retainer ring", which
encloses the substrate laterally and prevents it from sliding off the polishing head during the polishing.
Thus, in order to 35 prevent the wafer from sliding out of the polishing head because of the transverse
forces which occur during polishing,  5 the wafers are held in position by such retainer rings. These
devices are described in various patents (US 6293 850 Bl; US 6033292; EP 1029633 Al; US
5944590). In the present method, the retainer rings are likewise pressed more or less firmly 



5 onto the polishing pad. In the polishing heads used here (carriers), the semiconductor wafer's side
surface facing away from the polishing pad bears on a resilient membrane which transmits the
polishing pressure W being exerted. The membrane is a component of a chamber system, preferably
subdivided into five zones, which is form by a gas or liquid cushion. The pressure chambers are
preferably arranged concentrically or 15 in segmented fashion, and a particular pressure can be
applied to them independently of one another. Finally, the polishing pressure is transmitted through
resilient bearing surfaces of the pressurized pressure chambers onto the backside of a supporting
plate. 20 The polishing pressure is preferably controlled over the diameter of the semiconductor wafer
in a concentric circles by means of concentrically arranged pressure chambers. In this way, a defined
polishing pressure can be applied in particular 25 to a radial subregion at the edge of the
semiconductor wafer to be polished. The carrier contains annular, concentrically arranged pressure
chambers with a radius respectively reduced by the ring width, 30 from the outside inward. The ring
width is preferably from 1 to 100 mm and particularly preferably from 10 to 50 mm. Preferably, the
entire surface of the holding plate is occupied by such pressure chambers.  6 The polishing of the
substrate is carried out while supplying a polishing agent between the substrate and the polishing pad
and by rotating the polishing head and the polishing plate. 



5 In addition, the polishing head may also be moved in translation over the polishing pad so that more
comprehensive use of the polishing pad surface is achieved.   In the method according to the
invention, a polishing pad which 10 contains an abrasive substance bound in the polishing pad is used
(FAP or FA pad). Suitable abrasive substances preferably comprise particles of oxides of the elements
cerium, aluminum, silicon or zirconium, 15 or particles of hard substances such as silicon carbide,
boron nitride or diamond corresponding polishing pads are described, for example, in US 6602117 Bl.
The particle size is preferably 0.1-1.0 um, particularly 20 preferably 0.1-0.6 pm and more particularly
preferably 0.1- 0.25 Rm. Particularly suitable polishing pads have a surface topography imparted by
replicated microstructures. These microstructures 25("posts") have, for example, the shape of columns
with a cylindrical or polygonal cross section or the shape of pyramids or pyramid frustums.      Further
descriptions of such polishing pads are contained, for 30 example, in WO 92/13680 Al and US
2005/227590 Al.  7  It is preferable to use multi-plate polishing machines with preferably two, more
particularly preferably three polishing plates and polishing heads. The AMAT Reflection multi-plate
polishing machine from Applied Materials, Inc is particularly well-suited. What is essential to the
invention is that the polishing 



machine allows the pressure profile of the carrier to be W adjusted differently in different zones. This is
the case with the AMAT Reflection, which comprises a 5-zone membrane carrier with a differently
adjustable pressure profile. The invention describes locally limited polishing, which 15 affects only the
edge region. To this end, a 5-zone membrane carrier with a touching, non-decoupled retainer ring is
used in conjunction with a polishing pad containing firmly bound abrasive. 20 The invention also
relates to a locally acting ultrafine grinding method based on bound abrasive. The desired locally
limited removal can only be achieved by corresponding pressurization of the membrane carrier in
conjunction with a very hard FAP pad (polishing pad or grinding pad). With soft 25 polishing pads such
as are used in CMP, conversely, the invention would not be successful even when setting an
appropriate pressure profile of the carrier. The invention makes it possible to locally polish the outer 30
edge region of the semiconductor wafer and is advantageous in particular for semiconductor wafers
with a diameter of greater than or equal to 300 mm, particularly for semiconductor wafers with a
diameter of 450 mm. The invention can be implemented on customary polishing equipment. It is not
necessary to refit 35 commercial polishing machines or provide additional equipment in order to carry
out the invention.  Examples    A polishing machine of the AMAT Reflection type was used for 5 the
examples. As the polishing pad, a polishing pad with firmly bound cerium oxide particles was used
(particle size 0.2 pm). W SiGe wafers with a diameter of 300 mm, which had edge steps, were
processed according to the invention. The following polishing parameters are suitable for achieving
increased material removal at the edge of the semiconductor 



15 wafer, for example so as to remove edge steps: Example 1: Polishing agent: alkaline solution
K2003 0.2 wt.%; 20 Volume flow rate of the polishing agent: 0.5 1/min; Plate rotation speed: 119 rpm;
Carrier rotation speed: 123 rpm; Retainer ring application pressure: 0.8 psi;      Pressure profile of
membrane zones 1 to 5: 0.l--0.1--0.l--0.1-255 [psi] Example 2: Polishing agent: alkaline solution
1(2003 0.2 wt.'s; 30 Volume flow rate of the polishing agent: 0.5 1/min; Plate rotation speed: 119 rpm;
Carrier rotation speed: 123 rpm; Retainer ring application pressure: 4.7 psi; Pressure profile of
membrane zones 1 to 5: 1--2--2--2--6 [psi]  



Example 3:   Polishing agent: alkaline solution K2003 0.2 wt.%; Volume flow rate of the polishing
agent: 0.5 1/min; 5 Plate rotation speed: 119 rpm; Carrier rotation speed: 123 rpm; Retainer ring
application pressure: 6.1 psi; Pressure profile of membrane zones 1 to 5: 1.5--2--3-3--3.5 [psi] 10
Zones 1 to 5 correspond to concentric rings from the inside outward: Zone 1 = innermost zone, zone 5
outer zone (edge region). 15 The retainer ring application pressure is preferably 0.5-10 psi in the
method according to the invention. The pressure in chamber 5 (zone 5) is preferably always higher
than in zones 1 to 4 in the method according to the invention. 20 In all three examples, the same
polishing agent and the same volume flow rate of the polishing agent were used. A low retainer
application pressure of 0.8 psi was selected in 25 Example 1, while, at 5 psi, the polishing pressure in
zone 5 of the carrier was selected to be much higher than in zones 1 to 4.   Examples 2 and 3 use a
higher retainer application pressure, 30 but a less pronounced pressure difference between zone 5
and the four inner zones.   Examples 2 and 3 lead to very pronounced, sharp material removal at the
outermost edge of the semiconductor wafer, which 35 is made wider than in Example 1. 



10 If material is intended to be removed only at the outer edge of the semiconductor wafer, then a low
retainer ring application pressure of less than or equal to 1.5 psi is preferred in combination with a
polishing pressure in zone 5 increased significantly relative to the inner zones. If the material removal
is intended to be made wider, i.e. to cover a larger region of the wafer edge, then the selection of a
high retainer pressure of greater than or equal to 4 psi is 10 preferred. All the SiGe wafers polished
according to Examples 1 to 3, which previously had edge steps, were free from edge steps after
carrying out the method. 15 The invention was tested on silicon wafers which were thicker at the edge
than at the center of the wafer. Silicon wafers often exist in such a form after DSP. 20 It was possible
to show that such wafers can be planarised globally by the local polishing or selective polishing
according to the invention, with stronger material removal at the edge than at the center of the wafer.
25 The invention can therefore advantageously be applied to silicon wafers, SiGe wafers and SOI
wafers. The invention is not however restricted thereto, and may also be used for local selective
polishing of other semiconductor 30 wafers for which locally increased material removal is desired.
Lastly, it should be mentioned that selective material removal at the edge is described and claimed
here. The invention may however also be used similarly for local polishing in the inner 35 zones of the
semiconductor wafer, should the need for this rise in the future. 



Patent Claims: 1.A method for locally polishing one side of a semiconductor 5wafer, in which the
semiconductor wafer is pressed by means of a rotatable polishing head with its side surface to be
polished against a polishing pad lying on a rotating polishing plate and containing firmly bound
abrasive, wherein the polishing head is provided with a resilient membrane and radially subdivided into
a plurality of chambers by means of gas or liquid cushions, and the exerted polishing pressure can be
selected differently for each chamber, wherein the semiconductor wafer is held in position during this
by a retainer ring which is likewise pressed against the polishing pad with an application pressure,
wherein a polishing agent is introduced between the semiconductor wafer and the polishing pad, and
the polishing pressure exerted on the semiconductor wafer in a chamber lying in the edge region of the
semiconductor 20wafer of the polishing head, and the application pressure of the retainer ring, are
selected so that material is essentially removed only at the edge of the semiconductor wafer. 25 2.The
method as claimed in claim 1, wherein the polishing agent is an aqueous solution of the compounds
sodium carbonate (Na2003), potassium carbonate (M2CO3), sodium hydroxide (NaOH), potassium
hydroxide (KOH), ammonium hydroxide (NH4OH), tetramethylammonium hydroxide (TMAH) or 30any
mixtures thereof. 3.The method as claimed in claim 2, wherein the pH of the      polishing agent
solution is from 11.0 to 12.5 and the proportion of said compounds in the polishing agent 35solution is
from 0.01 to 10 wt.%.  12 4. The method as claimed in one of claims 1 to 3, wherein the polishing pad
used contains abrasive substances selected from particles of oxides of the elements cerium,
aluminum, silicon or zirconium, or particles of hard substances such 



5as silicon carbide, boron nitride or diamond. 5. The method as claimed in one of claims 1 to 4,
wherein the polishing pad contains abrasive with a particle size of 0.1-1.0 pm. 10 6. The method as
claimed in claim 5, wherein the polishing pad contains abrasive with a particle size of 0.1-0.6 pm. 7.
The method as claimed in claim 6, wherein the polishing pad contains abrasive with a particle size of
0.1-0.25 8. The method as claimed in one of claims 1 to 7, wherein retainer ring application pressure is
0.5-10 psi. 20 9.The method as claimed in one of claims 1 to 8, wherein pressure in the outer chamber
is higher than the pressure in the inner chamber. 10. The method as claimed in one of claims 1 to 9,
wherein the 25semiconductor wafer is a monocrystalline silicon wafer or a wafer comprising an SiGe
layer, with a diameter of 300 mm or more. 


