
2008P00155EP/St A method for producing a wafer comprising a silicon single
crystal substrate having a front and a back side and a layer of SiGe
deposited on the front side 5 A crystalline heteroepitaxial layer of SiGe
deposited on a silicon single crystal substrate by epitaxial deposition
typically differs from the substrate in several material properties
including crystal lattice dimensions and thermal expansion coefficient.
SiGe deposition on Si is a well known M system to increase the lattice
constant from Si to pure Ge which has a lattice constant being 4.2 % larger
than that of Si. Hereinafter, SiGe is an abbreviation of SiGe", wherein x
represents a value in the range of from 0.2 to 1.0. During the early stages
of the deposition the heteroepitaxial SiGe layer 15 is strained with
respect to the underlying substrate lattice. After exceeding a certain
layer thickness (critical thickness) the crystal of the heteroepitaxial
layer starts to relax via the insertion of so called misfit dislocations
(MFD). Although oriented in the plane perpendicular to the growth direction
not 20 all MFD extend to the edge of the substrate wafer but a certain
number bends and forms threading dislocations (TD) propagating through the
growing layer to the surface. TD forming clusters along lines are called
pile-up-s (Pu) and are especially harmful for electronic devices. The
stress fields from the dislo- 25 cation network also cause a surface
roughening called crosshatch. The formation of MFD, Pu, TD, cross-hatch and
a bending of the wafer (bow, waip) are mechanisms by which the strain from
the lattice mismatch is relieved. Many epitaxial deposition techniques have
been developed to reduce the negative 30 effects of the strain relaxation
on the crystal quality of the heteroepitaxial layer. Grading of the Ge
concentration in the SiGe layer has been a successful way to reduce the
density of TO and Pu and the surface roughness of so-called SiGe buffer
layers. Many variations of grading the Ge concentration to 35 match the
crystal lattice of Si to the intended crystal lattice  2D08P00155 EP/St 2
constant at the surface of the graded SiGe buffer layer have been
developed. For example, the concentration of Ge in the SiGe buffer layer is
graded continuously or in steps. 5 So far little attention has been given
to the reactions after the deposition has ended. Typically the deposition
is done by heating a silicon single crystal substrate wafer to a certain 



temperature and then providing the components for growing a film in the gas
phase (e.g. CVD, PVD, MBE). When the film 10 growth ends the film is fully
or partially relaxed with regard to the substrate. Sometimes annealing
steps are applied to fully relax the SiGe buffer. After the deposition is
completed the cooling of the layered wafer starts. Because of the
difference in thermal expansion coefficient between hetero- 15 epitaxial
layer and substrate new stress is generated. The stress components effect
the layer properties in a similar way as stress introduced by lattice
mismatch during film growth. Secondary relaxation, bowing of the wafer and
roughening of the surface are the mechanisms to release this stress. 20
Attempts have been made to reduce the bowing of the wafer. Such attempts
have been successful to a certain extent by providing thin inteimediate
layers of strained Si in the heteroepitaxial layer. An approach of this
kind is disclosed in US2008/0017952 25 Al, another one in 052009/0087961
Al. According to US2003/0039974 Al a flat epitaxial wafer having III-V
nitride layers without defects and micro cracks may be      obtained by
depositing such layers on the front and the back 30 side of a substrate.
These methods have all been used to compensate the bowing of the wafer
caused by the stress generated by a heteroepitaxial front side layer. The
present invention intends to provide a 35 method which uses the stress
generated by a backside layer to  2008P00155 EP/St 3 change the growth and
cooling mechanism of the heteroepitaxial front side layer and thereby
improving the crystal quality of the front side layer, especially the TDD
and surface roughness caused by cross-hatch generation. 5 



The provision of the stress compensating layer prevents a degradation of
the heteroepitaxial layer during the phase after cooling down the wafer
from the deposition temperature. After the deposition, the heteroepitaxial
layer is in a fully or 10 partially relaxed state depending on the
conditions during deposition. When the film forming gases are turned off,
the wafer is usually cooled down in a controlled manner. Due to the thermal
mismatch of the substrate and the heteroepitaxial layer, new stress is
generated and causes a set of secondary 15 relaxation processes. These
include the formation of secondary dislocations, roughening of the surface
and also bowing of the wafer. Typically a strong increase in the density of
TD and the surface roughness towards the wafer edge would be observed.
However, depositing a stress compensating layer providing the 20 desired
amount of stress on the back side of the substrate before depositing the
heteroepitaxial layer counteracts the generation of new stress, eliminates
the center to edge non-uniformity in terms of RMS-roughness, reduces the
density of TD and the roughness caused by cross-hatch and improves the bow
of 25 the wafer. However, although the deposition of a stress compensating
layer prior to the deposition of the heteroepitaxial layer on the front
side solves the issues regarding defects of the hetero- 30 epitaxial layer
and bowing of the wafer, other wafer parameters can suffer significantly.
Most important for the fabrication of advanced CMOS transistors for sub-45
nm device generations are parameters related to the geometry of the wafer
especially global and local flatness parameters (SFOR, SBIR) and nano- 35
topography.  4 The process flow for producing a heteroepitaxial 300mm wafer
suitable for 32 nm device generation and below needs to be optimized to
fulfill the tight specifications regarding these parameters despite adding
the stress compensating layer on the backside and the heteroepitaxial
layers on the front side of a wafer. Embodiments of the present invention
seek to provide a method for producing a wafer comprising a silicon single
crystal substrate and having a heteroepitaxial layer of SiGe deposited on
the front side of the substrate and a stress compensating layer on the back
side, the wafer having improved global and local flatness parameters and
nanotopography. According to an aspect of the present invention, there is
provided a method for producing a wafer comprising a silicon single crystal
substrate having a front and a back side and a layer of SiGe deposited on
the front side, the method comprising steps in the following order: 



simultaneously polishing the front and the back side of the silicon single
crystal substrate; depositing a stress compensating layer on the back side
of the silicon single crystal substrate; polishing the front side of the
silicon single crystal substrate; cleaning the silicon single crystal
substrate having the stress compensating layer deposited on the back side;
and depositing a fully or partially relaxed layer of SiGe on the front side
of the silicon single crystal substrate. The claimed method comprises
providing a stress compensating layer (SCL) on the backside of the
substrate. The SCL is deposited on the backside of the substrate and before
the deposition of a fully or partially relaxed SiGe buffer layer
(hereinafter also called "heteroepitaxial layer") on the front side of the
substrate. The SCL is advantageously grown in a way to provide an
appropriate amount of stress for compensating the  2008200155 EP/St 5
stress which is generated during the wafer is cooling down from a
deposition temperature after depositing the heteroepitaxial layer on the
front side of the substrate. An appropriate amount of compensating stress
is achieved according to one embodiment 5 of the invention, if the
thickness and the composition of the SCL is chosen in a way to provide the
desired amount of stress. This can be achieved according to one embodiment
of the inven- tion, if the compensating stress layer comprises a constant
composition SiGe layer and either the thickness or the composition of the
constant composition SiGe layer or both are used for stress control. In
principle, this approach is independent of the composition and thickness of
the heteroepitaxial layer. Increasing the thickness of the constant
composition SiGe layer or increasing the concentration of Ge in the
constant composition SiGe layer or increasing both will increase the stress
for compensating the stress caused by the heteroepitaxial layer during the
cooling. The concentration of Ge in the constant composition SiGe layer is
preferably chosen within a range of from 10 to 80 %. 20 Details regarding
the individual steps of the claimed method are: During simultaneous double
side polishing (DSP) the substrate is held in a carrier and polished in the
presence of a polishing slurry between two rotating polishing pads. It is
25 preferred to polish the wafer to a final thickness required to
compensate the thickening of the wafer caused by adding the epitaxial
layers on the front- and backside. The material removal preferably equals
substantially to the sum of the thicknesses of layers which are deposited
on the substrate in 30 the course of the preparation of the heteroepitaxial
wafer so that the thickness of the final wafer product does not exceed a
target thickness. The target thickness is preferably the thickness of a
commonly used epitaxial wafer having the same diameter as the
heteroepitaxial wafer. For example, the 35 thickness of an epitaxial wafer
having a diameter of 300 mm is 



2008P00155 EP/St 6 typically in the range of 772 to 778 m. If - for example
- all front and back side epitaxial layers add 11 pm (removal by
intermediate CMP steps taken into account) to the final thickness, the
substrate wafer is double side polished 5 preferably to 761 to 767 pm
thickness. After DSP, the substrate is preferably cleaned and dried and
then, a stress compensating layer is deposited by chemical vapor deposition
(CVD) on the back side of the silicon substrate. The SCL comprises a SiGe
layer. The thickness and the composition of the SiGe layer is chosen to
generate stress which substantially compensates the stress which is
generated after the deposition of the heteroepitaxial layer on the front
side of the substrate. According to a first embodiment of the 15 invention,
the stress compensating layer has substantially the same or similar
thickness and composition as the heteroepitaxial layer. According to a
second embodiment of the invention, the SCL comprises a SiGe layer with
constant composition. Either the thickness of the SCL or the content of Ge
in the 20 constant composition or both are chosen to control the stress of
the SCL for substantially compensating the stress of the heteroepitaxial
layer on the front side of the substrate. A sealing cap layer of silicon
having a thickness of preferably not more than 100 nm and preferably not
less than 5 nm may be 25 deposited on the SCL. The cap layer improves
handling and cleaning operations which may be included in the further
manufacturing process. After the deposition of the SCL on the back side of
the sub- 30 strate, the front side of the substrate is polished by chemical
mechanical polishing (CMP). During GIMP the substrate is pressed with a
carrier against a rotating polishing pad and polished in the presence of a
polishing slurry. This step primarily improves the local flatness and the
nanotopography of the hetero- 35 epitaxial wafer. The amount of material
which is removed by CMP  



2008P00155 EP/St 7 is preferably about 0.5 um - 1.5 pm. This removal is
preferably taken into account so that the wafer is meeting the total
thickness specification after depositing the fully or partially relaxed
layer of SiGe on the front side of the silicon sub- 5strata. Further, the
substrate is subjected to a post-CMP cleaning step which is preferably
performed in a single wafer cleaning device. The cleaning solution may be
water or an aqueous 10 cleaning agent, in particular SC1/SC2 cleaning-type
cleaning solutions with concentrations and temperatures modified for SiGe
surfaces. After the post-CMP cleaning of the substrate, a graded SiGe 15
heteroepitaxial layer which is fully or partially relaxed is deposited on
the front side of the substrate, preferably by CVD. The heteroepitaxial
layer has preferably a concentration of Ge in the range of from 20.0 to
90.0 %. The degree of Ge grading is preferably 10 - 20 % / pm. The
heteroepitaxial layer 20 has a thickness which is preferably 1.0 - 9.0 um.
The claimed method may comprise one or more additional steps, e.g.
polishing the edge and the notch of the heteroepitaxial wafer after the
deposition of the SiGe layer on the front side 25 of the substrate.
Additional CMP and post-CMP cleaning may be performed after DSP of the
silicon single crystal substrate. One or more further epitaxial layer(s)
may be deposited on the front side of the heteroepitaxial wafer, e.g. a
constant composition SiGe layer on the graded SiGe heteroepitaxial layer 30
and a strained silicon layer on the constant composition SiGe layer. The
concentration of Ge in the constant composition SiGe layer is preferably 20
to 90 %. CMP and post-CMP cleaning may be repeated before depositing a
further epitaxial layer. CMP before depositing a further epitaxial layer
may be replaced by 35 a fixed abrasive polishing method which uses a pad
with fixed  2008P00155 EP/St 



8 abrasive particles instead of a slurry containing free abrasive
particles.     Hereinafter, the invention is further explained by referring
to 5figures. Fig.1 represents a calibration curve for selecting an
appropriate thickness of a 70% SiGe constant composition SCL. For example,
for compensating the stress of a graded SiGe layer 10 having a
concentration of Ge in the range of 70 % over 4.5 pm graded layer and a 1 m
70% constant composition layer on the front side of the substrate, Fig.1
suggests that a thickness of 2.5 um of a constant composition 70%-SiGe -
SCL would be appropriate to avoid bow (line fitted to diamond-shaped
points) and 15 to reduce warp to a minimum (curve fitted to square-shaped
points). Fig.2 represents a heteroepitaxial wafer which is produced
according to a first preferred embodiment of the present 20 invention. The
wafer comprises a silicon single crystal substrate 10 and a graded SiGe
layer 20 deposited on the front side of the substrate. The wafer further
comprises a stress compensating layer 30 deposited on the back side of the
substrate. The stress compensating layer preferably comprises a 25 constant
composition SiGe layer having an appropriate thickness and composition for
compensating the stress which is caused by the heteroepitaxial layer. Fig.3
represents a heteroepitaxial wafer which is produced 30 according to a
second preferred embodiment of the present invention. The wafer comprises a
silicon single crystal substrate 10 and a heteroepitaxial layer deposited
on the front side of the substrate, wherein the heteroepitaxial layer
comprises a graded SiGe layer 40 deposited on the front side of 35 the
substrate and a constant composition SiGe layer 50 deposi-  2008P00155
EP/St 9 ted on the graded SiGe layer. The wafer further comprises a stress
compensating layer deposited on the back side of the substrate, wherein the
stress compensating layer comprises a graded SiGe layer 60 deposited on the
back side of the sub- 5 strate and a constant composition SiGe layer 70
deposited on the graded SiGe layer. 



The stress compensating layer may have the same or a similar composition as
the heteroepitaxial layer and the same or a 10 similar thickness as the
heteroepitaxial layer. Fig.4 represents a heteroepitaxial wafer which is
commonly used. It comprises a silicon single crystal substrate 1 and an
heteroepitaxial layer 2 deposited on the front side of the 15substrate. The
positive effect of the invention is demonstrated hereinafter by means of
examples. 20 Example: Heteroepitaxial wafers as schematically depicted in
Fig.2 were produced by performing the following sequence of steps:
substrate wafers of single crystal silicon having a diameter of 300 mm were
subjected to DSP. The wafer was polished to a 25 target thickness of 768
pm. Then, after cleaning and drying the substrates, a constant composition
SiGe layer with a Ge content of 70 % and a thickness of 2.5 pm pm was
deposited in a single wafer CVD reactor on the back side of the substrates.
Afterwards, the front side of the substrates was subjected to 30 CMP. 1.0
pm of material was removed from the front side of the substrates. Then, the
substrates were subjected to a post-CMP cleaning with pure water. Finally,
a graded SiGe layer having a thickness of 5 pm was deposited on the front
side of the substrates to produce heteroepitaxial wafers having a stress 35
compensating back side layer. The concentration of Ge in the  200BP00155
EP/St 10 graded SiGe layer was graded from 0 to 70% Ge. Afterwards a layer
of 1 pm constant composition SiGe (70% Ge) was deposited. The deposition
gas for depositing the stress compensating layer and the heteroepitaxial
layer was a mixture of SiC12H2 and 5 GeC14 in hydrogen as a carrier gas.
Comparative Example 1: For the purpose of comparison, further
heteroepitaxial wafers were produced having the same front and back side 



M heteroepitaxial layers as in the example but were produced according to a
method distinct to the invention: (1) double side polishing to a standard
wafer thickness (773 pm) and (2) CMP of the front side with 0.3 pm removal.
Afterwards as step (3) the the constant composition SCL was deposited on
the back 15 side and as step (4) the 5 pm graded buffer and 1 pm constant
composition SiGe (70% Ge) was deposited on the front side. Comparative
Example 2: Also for the purpose of comparison, heteroepitaxial wafers 20
without an SCL on the back side (schematically depicted in Fig.4) were
produced by performing the following sequence of steps: (1) double side
polishing to a standard wafer thickness (773 pm), (2) standard CMP of the
front side with 0.3 pm removal, and (3) deposition of the 5 pm graded
buffer and 1 pm 25 constant composition SiGe (70% Ge) on the front side.
The heteroepitaxial wafers produced in accordance with the example and
comparative examples 1 and 2 were analyzed in view of key parameters
representing bow, warp, global and local 30 flatness, as well as
nanotopography. The results are displayed in the following table.
2008P00155 EP/St 11 Table:  comparative example 1 



comparative example 2 -169 305 example 1 MM. 28 Bow / pm 2   Warp / pm 32
SFQR max / nm (26mm*emm,336 sites) (2 sigma) 100 



57 63 SBIR max / nm (26mm*8rm,336 sites) (2 sigma) 500 250 240 Total wafer
thickness / pm 782 779 776 4 mm TI-IA / run(2 sigma) 46 50  15 Ell 



10 mm THA / nm (2 sigma) 78 100   5 Geometry data were measured using a
ADE-AFS tool. Nanotopography was measured on an ADE Nanomapper device
according to SEMI standard M43. The results clearly show that the claimed
method leads to an 10 improved quality of the wafers in view of almost all
of the key parameters regarding wafer geometry and nanotopography if
compared to comparative examples 1 and 2.  2008P00155 EP/St 12 Claims  1. A
method for producing a wafer comprising a silicon single crystal substrate
having a front and a back side and a layer of 5 SiGe deposited on the front
side, the method comprising steps in the following order: Simultaneously
polishing the front and the back side of the silicon single crystal
substrate;      depositing a stress compensating layer on the back side of
the W silicon single crystal substrate; polishing the front side of the
silicon single crystal substrate; 



cleaning the silicon single crystal substrate having the stress
compensating layer deposited on the back side; and 15 depositing a fully or
partially relaxed layer of SiGe on the front side of the silicon single
crystal substrate.    2. The method as claimed in claim 1, further
comprising: depositing a silicon cap layer on the stress compensating 20
layer.  3. The method as claimed in claim 1, further comprising: polishing
an edge and a notch of the wafer comprising the silicon single crystal
substrate, the stress compensating layer 25 deposited on the back side and
the heteroepitaxial layer of SiGe deposited on the front side of the
silicon single crystal substrate.  4. The method as claimed in claim 1,
further comprising: 30 polishing and cleaning the heteroepitaxial layer of
SiGe deposited on the front side of the silicon single crystal substrate.
5. The method as claimed in claim 1, further comprising: 35 depositing one
or more further epitaxial layers on the SiGe  2008P00155 EP/St 13 layer
deposited on the front side of the silicon single crystal substrate. 6. The
method as claimed in claim 5, comprising polishing the 5 front side of the
wafer before depositing a further epitaxial layer, wherein polishing is
performed as chemical mechanical polishing in the presence of a slurry
containing abrasive particles or as fixed abrasive polishing in the absence
of a slurry containing abrasive particles. 10  2008E00155 EP/St 



14 Abstract      A method for producing a wafer comprising a silicon single
crystal substrate having a front and a back side and a layer of 5SiGe
deposited on the front side A method for producing a wafer comprising a
silicon single crystal substrate having a front and a back side and a layer
of 10 SiGe deposited on the front side, the method comprising steps in the
following order: Simultaneously polishing the front and the back side of
the silicon single crystal substrate;     depositing a stress compensating
layer on the back side of the 15 silicon single crystal substrate;
polishing the front side of the silicon single crystal substrate; cleaning
the silicon single crystal substrate having the stress compensating layer
deposited on the back side; and 20 depositing a fully or partially relaxed
layer of SiGe on the front side of the silicon single crystal substrate.
Figure 2 


