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LAYER ARRANGEMENT AND MEMORY
ARRANGEMENT

REFERENCE TO RELATED APPLICATIONS

[0001] This application is related to and claims the benefit
of priority under 35 U.S.C. §§ 120, 271 and 365 to Patent
Cooperation Treaty patent application no. PCT/DE2003/
001581, filed on May 15, 2003, which was published at WO
2003/098694, in German.

[0002] This application is further related to and claims
benefit of priority under 35 U.S.C. § 119 to the filing date of
May 16, 2002 of German patent application no. 10221884.6
DE, filed on May 16, 2002.

FIELD OF THE INVENTION

[0003] The invention relates to a method for fabricating a
layer arrangement, to a layer arrangement and to a memory
arrangement.

BACKGROUND

[0004] In view of the rapid ongoing development of
computer technology, there is a need for a memory medium
which makes it possible to store an ever greater quantity of
information on ever smaller arrangements. In the field of
non-volatile memories, which, once they have been pro-
grammed with the information item to be stored, retain this
information item permanently without ever losing it, it is
customary for data quantities of one bit or more to be stored
in each transistor of a large arrangement of transistors. By
way of example, Widmann, D, Mader, H, Friedrich, H
(1996) “Technologie hochintegrierter Schaltungen”[Large-
scale integrated circuit technology], Chapter 8.4, Springer
Verlag, Berlin, ISBN 3-540-59357-8, provides a summary of
non-volatile memories.

[0005] As miniaturization continues, conventional silicon
microelectronics will reach its limits. In particular, the
development of ever smaller and more densely arranged
transistors, which has by now reached several hundred
millions of transistors per chip, will come up against basic
physical problems in the next ten years. When feature sizes
drop below 80 nm, the components are disruptively affected
by quantum effects, and these effects become dominant at
sizes of below approximately 30 nm. Also, the increasing
integration density of the components on a chip leads to a
dramatic rise in the waste heat which is generated. There-
fore, increasing the storage density of transistor arrange-
ments by means of ongoing miniaturization of the structure
dimensions is a concept which imposes high technological
demands on the basic fabrication methods.

[0006] In the case of what is known as embedded tech-
nology, transistors with different requirements are integrated
in a single integrated circuit, i.e. in a chip. For example, it
may be necessary to integrate transistors of different con-
figurations in a memory region of the chip (for example in
a flash memory arrangement or an EEPROM) and in a logic
region of the integrated circuit. In a scenario of this nature,
different demands are imposed on the structural and physical
parameters of the integrated transistors.

[0007] To form a transistor in a logic region, which logic
region is to be sufficiently fast, a logic transistor of this type
needs to be separated from its surroundings by a side wall
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oxide layer which is as thin as possible. A thin side wall
oxide layer is necessary in a logic transistor in order to
ensure a low connection resistance: a layer arrangement
which serves as a logic transistor on a substrate can be
coupled to the surroundings by doping atoms being injected
into the boundary regions on both sides between the laterally
delimited layer arrangement and the substrate (“lightly
doped drain”). If in the case of a logic transistor, the side
wall oxide layer is too thick, the region of overlap between
the doped region in the silicon substrate and the gate oxide
region of the transistor is small, and consequently the logic
transistor has a high impedance. In other words, the further
the lightly doped drain regions are formed outside the end
sections of the logic transistor on both sides, the higher the
impedance of the logic transistor becomes. To ensure that
the logic transistor is sufficiently fast, the side wall oxide
layer of the logic transistor should therefore be sufficiently
thin (e.g. approx. 5 nm to 7 nm for the 130 nm technology
generation). On the other hand, it is important for a side wall
oxide layer to be present in a logic region, in order to form
a well-defined surface at the side wall of the gate electrode
made from polysilicon (polycrystalline silicon), in order to
saturate surface charges as occur, for example, during the
method of fabricating the logic transistor and to anneal
plasma etching damage as may occur, for example, during
the CVD (chemical vapor deposition) process which is
frequently used in the fabrication of transistors.

[0008] On the other hand, it is aimed for the side wall
oxide layer of a memory transistor in a flash memory or an
EEPROM memory to be a sufficiently thick side wall oxide
layer. A sufficiently thick side wall oxide layer ensures in a
charge-storage layer that the information which is stored in
the memory transistor and is coded in the amount of electric
charge contained in the charge-storage layer is reliably
retained. This leads to a sufficiently long hold time for the
stored information, which is essential for the functionality of
a memory transistor. Furthermore, a thick side wall oxide
layer in a memory transistor leads to the avoidance of ion
damage at the tunnel oxide edge, which adversely affects the
functionality of a memory transistor, and to the avoidance of
undesirable charging of the floating gate by subsequent
implantations of ions for forming doped regions in surface
regions of a substrate. Furthermore, a sufficiently thick side
wall oxide layer keeps boundary charges caused by a silicon
nitride spacer which is often formed during fabrication of
the memory transistor away from the floating gate or from
the gate oxide layer, thus ensuring perfect functionality of
the memory transistor. The thickness of the side wall oxide
in a memory transistor should be at least 10 nm.

[0009] The contradictory demands imposed on the thick-
nesses of the side wall oxide layers in a logic transistor and
in a memory transistor on a chip which has both a logic
region with rapid integrated logic for driving the memory
region and a memory region with a multiplicity of memory
transistors are often only taken into account in the prior art
to the extent that a uniform thickness is selected for the side
wall oxide layers of the logic transistors and the memory
transistors. This uniform thickness is selected to be suffi-
ciently small to obtain a logic transistor with a side wall
thickness which is reasonably acceptable in the logic region
and is also selected to be sufficiently great to obtain a
memory transistor with a reasonably acceptable side wall
thickness in the memory region. However, this compromise
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solution adversely affects the functionality of both types of
transistors for the reasons listed above.

[0010] A compromise solution of this type is increasingly
unsuitable for technologies which deal with transistors with
a gate region length of 130 nm and below, if perfect
functionality of the integrated circuits which these technolo-
gies produce is to be ensured. For a transistor with a gate
region length of 130 nm and below, a side wall oxide
thickness of significantly less than 10 nm is required for a
perfectly functioning, sufficiently fast logic transistor, but
this thickness is much too low for a memory transistor in a
flash memory or an EEPROM.

[0011] The prior art has disclosed a method which makes
it possible to fabricate an integrated circuit having a logic
region with a logic transistor and a memory region with a
memory transistor integrated on a common chip and in
which the side wall oxide of the logic transistor and of the
memory transistor can be formed in different thicknesses.

[0012] A method of this type, which involves the forma-
tion of logic transistors with a side wall oxide which is
thinner than the side wall oxide of memory transistors
formed on the same integrated circuit is described below
with reference to FIGS. 1A-11.

[0013] In the abovementioned figures, a left-hand region
of the layer structures shown in each case represents a logic
region of an integrated circuit (or more specifically a logic
transistor of the logic region), and the region shown on the
right-hand side represents a memory region (or more spe-
cifically a memory transistor of the memory region) of the
integrated circuit. This is visually indicated in FIGS. 1A-11
by the fact that a dashed vertical line is included in the
drawing, separating the logic region formed to the left of the
dashed line from the memory region shown to the right of
the dashed line.

[0014] To arrive at the layer structure 100 shown in FIG.
1A, a first silicon dioxide layer 102, a first polysilicon layer
103 and an ONO layer sequence 104 are deposited on a
silicon substrate 101. An ONO layer sequence is a three-
layer sequence comprising in each case one layer of silicon
dioxide, silicon nitride and silicon dioxide. The first of the
silicon dioxide layers of the ONO layer sequence 104 is
deposited on the first polysilicon layer 103, the silicon
nitride layer of the ONO layer sequence 104 is deposited on
the first silicon dioxide layer of the ONO layer sequence
104, and the second silicon dioxide layer of the ONO layer
sequence 104 is deposited on the silicon nitride layer of the
ONO layer sequence 104.

[0015] The layer structure 105 shown in FIG. 1B is
obtained by removing the first silicon dioxide layer 102, the
first polysilicon layer 103 and the ONO layer sequence 104
from the entire logic region using a lithography process and
an etching process.

[0016] To convert the layer structure 105 shown in FIG.
1B into the layer structure 106 shown in FIG. 1C, a second
silicon dioxide layer 107, a second polysilicon layer 108 and
a suitable hard mask 109 are deposited over the entire
surface of the layer structure 105.

[0017] The layer structure 110 shown in FIG. 1D is
obtained by the layer structure being patterned in the
memory region (i.e. in the region to the right of the dashed
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line in FIG. 1C, FIG. 1D), whereas the logic region (region
to the left of the dashed line in FIG. 1C, FIG. 1D) is
covered. Since the structures formed in the memory region
must lie within a small structural tolerance range, this
patterning step is of crucial importance. This means that
even slight inaccuracies in this method step will have a
considerable influence on the functionality of the integrated
circuit fabricated in this way. Therefore, this method step
requires accurate setting of the process conditions, making
this method step complex and expensive. As shown in FIG.
1D, only the top five layers are patterned in the memory
region, whereas the first silicon dioxide layer 102 is retained
in the memory region as well. This can be achieved by using
a suitable etching process which is set up in such a manner
that the etching process stops before the first silicon dioxide
layer 102.

[0018] To achieve the layer structure 111 shown in FIG.
1E, the laterally delimited layer sequence which remains in
the memory region after the patterning is covered with a first
side wall oxide layer 112. This side wall oxide initially also
grows on surface regions other than the laterally delimited
layer sequence, including over the layers 102 and 109, and
can be etched back, resulting in the layer sequence 111
shown in FIG. 1E. This leads to only a slight raising of the
hard mask layer 109 (not shown) in the entire logic region
during this method step. In other words, the side wall of the
laterally delimited layer sequence in the memory region is
covered with the first side wall oxide layer 112, whereas the
logic region remains virtually unchanged.

[0019] The layer structure 113 shown in FIG. 1F is
obtained by keeping the logic region covered while doping
atoms are introduced into those surface regions of the silicon
substrate 101 which are not covered by the laterally delim-
ited layer sequence, using an ion implantation method, with
the result that the LDD (lightly doped drain) regions 1144,
114b are formed.

[0020] To achieve the layer structure 115 shown in FIG.
1G, the memory region is then completely covered and the
logic region is patterned using a lithography process and an
etching process. To pattern the logic region into a laterally
delimited layer sequence, a further patterning step of crucial
importance is required. This means that even slight fluctua-
tions in the procedure will immediately have an adverse
effect on the functionality of the logic regions formed in this
way. As with the first critical patterning step described
above, this method step too requires a complex and expen-
sive procedure which needs to be highly accurate. As shown
in FIG. 1G, only the top two layers, namely the second
polysilicon layer 108 and the hard mask 109, are patterned,
whereas the second silicon dioxide layer 107 is not removed
from the surface of the layer structure arranged in the logic
region as a result of a suitable etching process being used.
Consequently, the laterally delimited layer sequence which
is shown in FIG. 1G and comprises the second polysilicon
layer 108 and the hard mask 109 remains in place on the
logic region.

[0021] The layer structure 116 shown in FIG. 1H is
obtained by in each case applying a second side wall oxide
layer 117 to the laterally delimited layer sequences in both
the logic region and in the memory region of the flash
memory or EEPROM. This is achieved by thermal oxidation
of the side walls. The second side wall oxide layer 117 has
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a lower thickness than the first side wall oxide layer 112. As
shown in FIG. 1H, the laterally delimited layer sequence in
the logic region therefore includes a side wall oxide which
corresponds to the thickness of the second side wall oxide
layer 117, whereas the laterally delimited layer sequence in
the memory region includes a side wall oxide layer whose
thickness is composed of the thickness of the first side wall
oxide layer 112 and the thickness of the second side wall
oxide layer 117.

[0022] To achieve the layer structure 118 shown in FIG.
11, implantation steps are carried out in both the logic region
and the memory region, with the result that the first doped
region 119a and the second doped region 1195 are obtained
in the logic region. In this way, the first HDD region 120a
and the second HDD region 12056 are produced in the
memory region at the end sections of the laterally delimited
layer sequences on both sides. HDD means highly doped
drain, expressing the fact that the concentration of doping
atoms in the HDD regions 1204, 1205 is greater than in the
LDD regions 114a, 114b. The laterally delimited layer
sequence formed in the logic region forms a transistor with
a side wall oxide having the thickness of the second side
wall oxide layer 117. The first doped region 119a represents
the first source/drain region, whereas the second doped
region 1195 forms the second source/drain region. The
second silicon oxide layer 107 in the logic region forms the
gate oxide layer, and the second polysilicon layer 108 forms
the gate electrode in the logic region. The second side wall
oxide layer 117 is used to laterally shield the transistor, and
the hard mask 109 is likewise used as a protective layer.

[0023] The laterally delimited layer sequence formed in
the memory region can be used as a memory transistor. The
first LDD region 1144 and the first HDD region 120a form
the first source/drain region, the second LDD region 114b
and the second HDD region 1205 form the second source/
drain region. The first silicon dioxide layer 102 constitutes
the gate oxide region. The first polysilicon layer 103 can
fulfill the functionality of a floating gate into which charge
carriers can be permanently injected, for example by means
of Fowler-Nordheim tunneling or by means of hot electrons.
The ONO layer sequence 104 and the second silicon dioxide
layer 107 effect electrical decoupling of the floating gate
from the second polysilicon layer 108, which can perform
the functionality of a gate electrode. The hard mask 109
represents a protective layer, and a sufficiently thick side
wall oxide layer of the memory transistor is produced by
means of the first side wall oxide layer 112 and the second
side wall oxide layer 117.

[0024] However, the above-described method for forming
logic transistors and memory transistors with different side
wall oxide thicknesses has a number of drawbacks. As
described above, two critical lithography steps are required
during the method, and even slight deviations in these steps
lead to wide-ranging negative consequences for the func-
tionality of the arrangement. The execution of these two
critical lithography steps makes fabrication of the layer
structure 118 complex and expensive.

[0025] A further drawback of the fabrication method
described is based on the fact that the gate patterning of the
logic transistors, on the one hand, and of the memory
transistors, on the other hand, are carried out in two separate
method steps. The patterning of the memory transistors takes
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place in the method step in which the layer structure 110
shown in FIG. 1D is formed from the layer structure 106
shown in FIG. 1C. By contrast, the patterning of the logic
transistors takes place in the method step in which the layer
structure 115 shown in FIG. 1G is formed from the layer
structure 113 shown in FIG. 1F. In practice, it is not possible
to set absolutely identical conditions for these two method
steps. However, it is important to provide structures with a
homogenous surface coverage density in the logic region, on
the one hand, and in the memory region, on the other hand.
The surface coverage density is defined as the ratio of the
sum of the areas which are covered in the logic or memory
region divided by the total surface area of the logic region
or of the memory region. The surface coverage density
should ideally be as homogenous as possible over the entire
chip, in order to be able to ensure minimal tolerances during
fabrication of the gate electrodes.

[0026] 1If the surface coverage densities achieved by the
two above-described method steps for patterning of the logic
transistors, on the one hand, and the memory transistors, on
the other hand, deviate from one another, the result will be
a variation in the geometry of the gate electrode. Adverse
effects which result from an uneven surface coverage den-
sity are referred to as etch loading effects. These have an
adverse effect on the functionality of the integrated circuit
formed. Therefore, the quality of the transistors which are
fabricated using the method described is often poor.

[0027] U.S. Pat. No. 5,291,052 discloses a CMOS semi-
conductor device with a p-MOS ftransistor and with an
n-MOS transistor on a wafer.

[0028] U.S. Pat. No. 6,160,317 discloses a method for
fabricating a semiconductor device which allows etching of
a field oxide while minimizing damage to the silicon.

[0029] German Patent No. DE 196 54 738 Al discloses a
method for fabricating a semiconductor memory device with
n-MOS and p-MOS transistors with different properties.

[0030] Great Britain Patent No. GB 2,359,662 discloses a
semiconductor device with a DRAM cell.

[0031] Accordingly, there is an need to overcome the
problem of providing laterally delimited layer sequences
with different side wall thicknesses on a common substrate
with a reduced level of outlay and in an improved quality.

SUMMARY

[0032] The present invention is defined by the following
claims, and nothing in this section should be taken as a
limitation on those claims. By way of introduction, the
preferred embodiments described below relate to a method
for fabricating a layer arrangement, by a layer arrangement
and by a memory arrangement.

[0033] A method is provided for fabricating a layer
arrangement in which at least one first layer sequence, which
is in each case laterally delimited, is formed on a first surface
region of a substrate, and at least one second layer sequence,
which is in each case laterally delimited, is formed on a
second surface region of the substrate. Furthermore, in each
case one first side wall layer having a first thickness and
comprising a first electrically insulating material is formed
on at least one sub-region of the side walls of the first and
second layer sequences. Furthermore, in each case one
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second side wall layer having a second thickness and
comprising a second electrically insulating material is
formed on at least one sub-region of the first side wall layers
of the first and second layer sequences. Then, the second
side wall layers are removed from the first layer sequences.

[0034] This clearly allows the procedure to be simplified
in particular when gate electrodes with different side wall
oxide thicknesses are being fabricated.

[0035] The first layer sequence on the first surface region
of the substrate may be a logic transistor of a logic circuit,
and the second layer sequence may be a memory transistor
in a memory region of an integrated circuit. In the layer
arrangement which has been fabricated in accordance with
the disclosed embodiments, the thickness of the side wall
oxide of the first laterally delimited layer sequence (layer
having the first thickness) is less than the thickness of the
side wall layer on the second laterally delimited layer
sequence (layer having the first thickness plus layer having
the second thickness). On account of the low thickness of the
side wall oxide, the first layer sequence, which preferably
forms a logic transistor in the logic region of an integrated
circuit, has a sufficiently low connection resistance and
ensures a sufficiently fast logic. By contrast, the second layer
sequence has a thicker side wall layer, resulting in a number
of advantageous effects: a memory transistor with a high
side wall oxide thickness has a sufficiently long hold time for
the stored information, and furthermore a sufficiently thick
side wall oxide layer provides good protection for a memory
transistor against any disruptive influence from its surround-
ings.

[0036] According to an advantageous configuration of the
method, the formation of at least one first layer sequence,
which is in each case laterally delimited, on the first surface
region of the substrate and the formation of the at least one
second layer sequence, which is in each case laterally
delimited, on the second surface region of the substrate
includes the following sub-steps:

[0037] In a first sub-step, a first, electrically insulating
auxiliary layer is formed on the first and second surface
regions of the substrate, a second, electrically conductive
auxiliary layer is formed on the first, electrically insulating
auxiliary layer, and a third, electrically insulating auxiliary
layer is formed on the second, electrically conductive aux-
iliary layer. In a second sub-step, the first, second and third
auxiliary layers are removed from the first surface region of
the substrate. In a third sub-step, a fourth, electrically
insulating auxiliary layer is formed on the first and second
surface regions of the substrate (or more specifically on the
surface of the layer structure as obtained after the second
sub-step), a fifth, electrically conductive auxiliary layer is
formed on the fourth, electrically insulating auxiliary layer,
and a sixth, electrically insulating auxiliary layer is formed
on the fifth, electrically conductive auxiliary layer. In a
fourth sub-step, the fifth and sixth auxiliary layers on the
first and second surface regions are jointly patterned in such
a manner that the at least one laterally delimited first layer
sequence is formed on the first surface region. In a fifth
sub-step, the second, third and fourth auxiliary layers on the
second surface region are patterned in such a manner that as
a result the at least one second layer sequence, which is in
each case laterally delimited, is formed on the second
surface region.
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[0038] It should be emphasized that in the fourth sub-step
the fifth and sixth auxiliary layers on the first and second
surface regions are patterned together. In other words, in this
sub-step, the layer sequences which have been deposited on
the surface region are patterned in such a manner that as a
result the lateral delimitation of the first and second layer
sequences is defined in a common method step. In other
words, referring to a preferred exemplary embodiment in
which the first layer sequences are logic transistors and the
second layer sequences are memory transistors of an inte-
grated circuit, both the logic transistors and the memory
transistors are structurally defined in a single, common
critical lithography step. This eliminates the need for one
critical lithography step compared to the method described
above with reference to FIGS. 1A-11 for the formation of
logic transistors and memory transistors with different side
wall thicknesses, and consequently the method for fabricat-
ing logic transistors and memory transistors with different
side wall thicknesses is significantly simplified. As a result,
the fabrication costs are reduced and the work involved is
also reduced.

[0039] Furthermore, the fact that the logic transistors and
the memory transistors are patterned together means that
etch loading effects resulting from inhomogeneous surface
coverage densities on different surface regions of the sub-
strate (cf. description above) are reduced. Obviously, the
uniformity of the surface coverage density of the first and
second layer sequences is improved, since the method
parameters used to form the first and second layer sequences
are identical on account of a common lithography step being
used. Significant parameters of the layer sequences, for
example the length of the gate oxide region of the MOS
transistors, are therefore identical for the logic transistors
and memory transistors, with the result that an integrated
circuit with logic region and memory region which has been
fabricated using the disclosed method is of improved quality
compared to the prior art.

[0040] According to an advantageous configuration of the
fabrication disclosed method, doping atoms are introduced
into surface regions which adjoin the lateral end sections of
the second layer sequences between the step of forming the
second side wall layer having the second thickness and
comprising the second electrically insulating material on at
least one sub-region of the first side wall layers of the first
and second layer sequences, on the one hand, and the step of
removing the second side wall layers from the first layer
sequences, on the other hand.

[0041] In other words, in this method step LDD regions
are formed in those surface regions of the substrate which
adjoin the lateral edge regions of the second layer sequences.
The objective of this method step is to form the first or
second source/drain region of the second layer sequences in
a situation in which the second layer sequences are memory
transistors.

[0042] According to a refinement of the disclosed method,
after the removal of the second side wall layers from the first
layer sequences, doping atoms are introduced into surface
regions of the substrate which are spatially decoupled from
the lateral edge sections of the second layer sequences and
which partially overlap one of the surface regions of the
substrate into which doping atoms have been introduced.

[0043] This method step represents the step of forming
HDD (highly doped drain) regions which are formed to
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overlap the LDD (lightly doped drain) regions described
above. The concentration of the doping atoms is lower in the
LDD regions than in the HDD regions. The doping atoms
may be n-type doping atoms or p-type doping atoms.

[0044] According to a further configuration, doping atoms
are introduced into surface regions of the substrate which
adjoin lateral edge sections of the first layer sequences after
the second side wall layers have been removed from the first
layer sequences.

[0045] As described above, the first layer sequences are
used in particular as logic transistors in a logic region of an
integrated circuit. In the method step described, the first
source/drain region and the second source/drain region of
the logic transistors are formed. The doping atoms which are
introduced into surface regions of the substrates which
adjoin the lateral edge regions of the first layer sequence in
this step may be n-doping atoms or p-doping atoms.

[0046] The method steps described can all be implemented
using standardized semiconductor technology processes,
such as the ion implantation process, known lithography
processes and known etching processes, and known depo-
sition processes, such as for example the CVD (chemical
vapor deposition) process. Therefore, the disclosed fabrica-
tion method is inexpensive and technologically simple.

[0047] According to another method for fabricating a layer
arrangement, at least one first layer sequence, which is in
each case laterally delimited, is formed on a first surface
region of a substrate, and at least one second layer sequence,
which is in each case laterally delimited, is formed on a
second surface region of the substrate. Furthermore, in each
case a first side wall layer having a first thickness and
comprising a first electrically insulating material is formed
on at least one sub-region of the side walls of the first and
second layer sequences. Furthermore, an auxiliary side wall
layer is formed on at least one sub-region of the first side
wall layers of the first layer sequence, and a second side wall
layer having a second thickness and comprising a second
electrically insulating material is formed on at least one
sub-region of the first side wall layer of the second layer
sequence. The material used for the auxiliary side wall layer
is selected in such a manner that while the second side wall
layer is being formed on at least one sub-region of the first
side wall layer of the second layer sequence, the auxiliary
side wall layer remains uncovered by the second electrically
insulating material.

[0048] Evidently, the first layer sequence is protected from
being covered by the second side wall layer by the appli-
cation of the auxiliary side wall layer. After the second side
wall layer has been applied to the second layer sequence, the
auxiliary side wall layer can be removed, with the result that
only the first side wall layer remains on the side wall of the
first layer sequence, while the first and second side wall
layers remain on the side wall of the second layer stack.

[0049] After the second side wall layer has been formed,
it is preferable for the auxiliary side wall layer to be removed
from the first layer stack.

[0050] According to a preferred configuration, the second
side wall layer is formed by means of thermal oxidation of
at least part of the material of the second laterally delimited
layer sequence. As a result of a suitable selection of mate-
rials, this thermal oxidation clearly acts “through” the first

Jan. 12, 2006

side wall layer. During the thermal oxidation, the auxiliary
side wall layer evidently protects the first layer sequence
from thermal oxidation.

[0051] Tt is preferable for the first and second electrically
insulating materials to be silicon dioxide and for the material
of the auxiliary side wall layer to be silicon nitride.

[0052] The disclosed layer arrangement is described in
more detail below. Configurations of the layer arrangement
also apply to the methods used to fabricate a layer arrange-
ment.

[0053] The disclosed layer arrangement has a substrate, at
least one first layer sequence, which is in each case laterally
delimited, on a first surface region of the substrate, at least
one second layer sequence, which is in each case laterally
delimited, on a second surface region of the substrate, in
each case one first side wall layer having a first thickness and
comprising a first electrically insulating material on at least
one sub-region of each of the side walls of each of the first
and second layer sequences, and in each case one second
side wall layer having a second thickness and comprising a
second electrically insulating material on at least one sub-
region of each of the first side wall layers of each of the
second layer sequences.

[0054] In particular, the first thickness may be less than the
second thickness. The first thickness is preferably between 5
nm and 7 nm, whereas the second thickness is preferably
approximately 10 nm or above.

[0055] The substrate is preferably a silicon substrate, such
as for example a silicon wafer or a silicon chip.

[0056] An insulation layer comprising a third electrically
insulating material may be arranged between the substrate
and at least part of the first and/or second layer sequence.

[0057] Referring now to the use of the disclosed layer
arrangement as a logic region (first layer sequences) and
memory region (second layer sequences), it is possible for
the insulation layer arranged between the layer sequences
and the substrate to form the gate oxide layer of the
transistors formed by the layer sequences.

[0058] According to an advantageous configuration of the
layer arrangement according to the disclosed embodiments,
the first layer sequence includes a first part-layer comprising
a first electrically conductive material and a second part-
layer comprising a fourth electrically insulating material.

[0059] The second layer sequence preferably includes a
charge-storage part-layer, a second part-layer comprising a
fifth, electrically insulating material, a third part-layer com-
prising a second, electrically conductive material and a
fourth part-layer comprising a sixth, electrically insulating
material.

[0060] In particular, the charge-storage part-layer may be
a layer comprising polycrystalline silicon with a silicon
dioxide-silicon nitride-silicon dioxide layer sequence (ONO
layer) as covering layer. Alternatively, the charge-storage
part-layer may be a silicon dioxide-silicon nitride-silicon
dioxide layer sequence (ONO layer).

[0061] The two alternatives described correspond to two
different concepts of memory transistors, namely memory
transistors based on the floating gate principle and memory
transistors having an ONO layer as charge-storage layer.
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Both floating gate memory transistors and ONO-layer
memory transistors can be used as second layer sequences of
the layer arrangement.

[0062] In the case of an ONO memory transistor, the gate
oxide layer is replaced by an ONO layer (silicon dioxide-
silicon nitride-silicon dioxide), and charge carriers can be
injected into the ONO layer (or more specifically into the
silicon nitride layer of the ONO layer), where they remain
permanently, by means of channel hot electron (CHE)
injection. The gate region of an ONO transistor has a
different electrical conductivity depending on the number of
electrons introduced into the ONO layer. In this way, the
memory information is coded in the ONO layer.

[0063] By contrast, in the case of a floating gate memory
transistor, a layer comprising an electrically conductive
material, e.g. polycrystalline silicon, and a sufficiently thick
layer comprising an electrically insulating material are intro-
duced between the gate electrode and the gate oxide layer.
Charge carriers, whose presence changes the electrical con-
ductivity of the channel region below the gate oxide between
the source region and the drain region of a transistor of this
type, are injected into the electrically conductive layer above
the gate oxide layer by means of Fowler-Nordheim tunnel-
ing or by means of hot charge carriers as a result of a
sufficiently high electric voltage being applied between the
gate electrode and the source/drain regions. The value of this
conductivity codes the information stored in the floating gate
memory transistor.

[0064] The layer arrangement which is provided in accor-
dance with the disclosed embodiments has the advantage
that the second layer sequences which it includes can
optionally be configured as floating gate transistors, as ONO
transistors or as a different type of memory transistor.
Therefore, the disclosed layer arrangement can easily and
flexibly be matched to the requirements of the specific
application.

[0065] The first and/or second electrically conductive
material is preferably polycrystalline silicon.

[0066] The first, second, third, fourth, fifth and sixth
electrically insulating materials may be silicon dioxide or
silicon nitride or a silicon dioxide-silicon nitride-silicon
dioxide layer sequence (ONO layer).

[0067] In other words, an ONO layer can be used not only,
as described above, as a layer for storing charge carriers, the
number of which codes the logic information stored in a
memory transistor, but also as a layer with electrically
insulating properties, for example for decoupling two elec-
trically conductive regions.

[0068] Finally, a memory arrangement is provided having
a layer arrangement with the features given in the above
description. In the memory arrangement, the at least one first
layer sequence on the first surface region of the substrate
forms at least part a of the logic region of the memory
arrangement, whereas the at least one second layer sequence
on the second surface region of the substrate forms at least
a part of the memory cell region of the memory arrange-
ment.

[0069] To summarize, the demand is satisfied for side wall
oxide layers of different thicknesses in logic transistors and
in memory transistors in a common integrated circuit which
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can be fabricated using only one critical gate patterning step.
Therefore, the method for fabricating a layer arrangement of
this type is significantly simpler and less expensive than the
method which is known from the prior art. Furthermore, the
method achieves a homogenous surface coverage, which has
advantageous effects on the reproducibility and quality of
the gate patterning. Moreover, etch loading effects are
avoided as a result.

[0070] Clearly, one aspect can also be considered to lie in
the fact that both the first layer sequences and the second
layer sequences are covered with a thin side wall oxide layer,
and then the first and second layer sequences are covered
with a second, preferably thicker side wall oxide layer,
which second side wall oxide layer is then removed from the
logic region

[0071] Further aspects and advantages of the invention are
discussed below in conjunction with the preferred embodi-
ments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0072] FIGS. 1A-1I show cross-sectional views through
layer structures at different times during a fabrication
method according to the prior art,

[0073] FIGS. 2A-2] show cross-sectional views through
layer structures at different times during a fabrication
method in accordance with a preferred exemplary embodi-
ment of the method according to the invention for fabricat-
ing a layer arrangement,

[0074] FIGS. 3A-3E show cross-sectional views through
layer structures at different times during a fabrication
method according to another preferred exemplary embodi-
ment of the method according to the invention for fabricat-
ing a layer arrangement.

DETAILED DESCRIPTION OF THE DRAWINGS
AND PRESENTLY PREFERRED
EMBODIMENTS

[0075] The text which follows, referring to FIG. 2A to
FIG. 2], describes a preferred exemplary embodiment of the
method for fabricating a layer arrangement.

[0076] FIG. 2A to FIG. 2] each include a dashed vertical
separation line. This separates a first surface region 201a of
a substrate 201, which is in each case shown to the left-hand
side of the dividing line and on which first layer sequences
are produced to form logic transistors, from a second surface
region 2015 of the substrate 201, which is in each case
shown to the right of the dividing line and on which second
layer sequences are formed to produce memory transistors.
To simplify explanation, only one first layer sequence on the
first surface region 201a and only one second layer sequence
on the second surface region 2015 are shown in the figures.
In practice, there will often in each case be a large number
of layer sequences on the corresponding surface regions
201a , 201b.

[0077] The layer structure 200 shown in FIG. 2A is
obtained by a first silicon dioxide layer 202 being formed on
a first surface region 201a and on a second surface region
2015 of a silicon wafer 201, a first polysilicon layer 203
being formed on the first silicon dioxide layer 202 and an
ONO layer 204 being formed on the first polysilicon layer
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203. The ONO layer 204 includes a silicon dioxide part-
layer 2044, a silicon nitride part-layer 204 and a further
silicon dioxide pail-layer 204c. The silicon dioxide part-
layer 204a of the ONO layer 204 is formed on the first
polysilicon layer 203, the silicon nitride part-layer 204b is
formed on the silicon dioxide part-layer 204a and the further
silicon dioxide part-layer 204c is formed on the silicon
nitride part-layer 204b.

[0078] In accordance with the exemplary embodiment
described, the first silicon dioxide layer 202, the first poly-
silicon layer 203 and the ONO layer 204 are formed using
thermal oxidation or CVD (chemical vapor deposition)
processes.

[0079] To produce the layer structure 205 shown in FIG.
2B, the first silicon dioxide layer 202, the first polysilicon
layer 203 and the ONO layer 204 are removed from the first
surface region 201a of the silicon wafer 201.

[0080] In accordance with the exemplary embodiment
described, this method step is carried out by using a suitable
mask to cover the second surface region of the layer struc-
ture 200 and then using a lithography process and an etching
process to remove the first silicon dioxide layer 202, the first
polysilicon layer 203 and the ONO layer 204 from the first
surface region 201a of the layer structure 200. The first
surface region 2014 represents what will subsequently be the
logic region, whereas the second surface region 2015 forms
what will subsequently be the memory region of an inte-
grated circuit. It should be emphasized that the lithography
process step which is required to convert the layer structure
200 into the layer structure 205 is not critical, i.e. slight
structural inaccuracies when the lithography process is car-
ried out do not have any serious consequences for the
functionality of the integrated circuit obtained. Therefore,
this method step is relatively simple.

[0081] To produce the layer structure 206 shown in FIG.
2C, a second silicon dioxide layer 207 is deposited on the
first and second surface regions 201a , 201b of the silicon
wafer 201 (more specifically, this layer is not deposited on
the second surface region 2015 itself, but rather on the
surface of the topmost of the layers arranged on the second
surface region 201b ), a second polysilicon layer 208 is
deposited on the second silicon dioxide layer 207, and a
silicon nitride hard mask 209 is deposited on the second
polysilicon layer 208.

[0082] These method steps are likewise carried out using
the CVD process, i.e. the layers 207, 208, 209 are deposited
from the vapor phase.

[0083] The layer structure 210 shown in FIG. 2D is
obtained by the second polysilicon layer 208 and the silicon
nitride hard mask 209 on the first and second surface regions
2014, 201b being patterned jointly in such a manner that a
laterally delimited, first layer sequence 212 is formed on the
first surface region. As a result, a laterally delimited auxil-

iary layer sequence 2134 is formed on the second surface
region 201b.

[0084] To implement this method step, a lithography pro-
cess and an etching process are applied to the entire surface
of the layer structure 206. Since these lithography processes
and this etching process form laterally delimited structures,
the size of which is extremely small (of the order of
magnitude of 100 nm and below), this lithography step is
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critical. This means that even slight errors in this method
step will have a significant effect on the functionality of the
integrated circuit which is fabricated. Therefore, particular
attention is required in this method step. It should be
emphasized that this method step represents the only critical
lithography step in the disclosed fabrication method. The
fact that the same process conditions are present when the
laterally delimited regions 212, 2134 in the first and second
surface regions are being formed means that fluctuations in
the physical parameters of the structures formed are avoided.
In particular, the surface coverage density is homogenous.

[0085] To convert the layer structure 210 shown in FIG.
2D into the layer structure 211 shown in FIG. 2E, the first
polysilicon layer 203, the ONO layer 204 and the second
silicon dioxide layer 207 on the second surface region 2015
of the silicon wafer 2014 re patterned in such a manner that
as a result a second layer sequence 213, which is in each case

laterally delimited, is formed on the second surface region
201b.

[0086] In this lithography method step, which is not criti-
cal, the first surface region 201a , which will subsequently
form the logic region, has been covered with a mask. This
means that the method step is applied only to the second
surface region 2015 of the layer structure 210. The pattern-
ing of the layers 203, 204, 207 on the second surface region
2015 is carried out using a suitable etching process, which
is selected in such a manner that the lateral delimitation of
the auxiliary layer sequence 213a also defines the lateral
delimitation during the etching-back of the layers 203, 204,
207 on the second surface region 201b. In other words, an
anisotropic etch takes place in a vertical direction in accor-
dance with FIG. 2E, with the result that the lateral delimi-
tation defined by the auxiliary layer sequence 213a obvi-
ously continues downwards. Therefore, the lateral
delimitation of the second laterally delimited layer sequence
213 is determined by the critical lithography step described
above.

[0087] The method steps which have been described with
reference to FIG. 2A to FIG. 2E can be combined to an
extent which is such that a laterally delimited first layer
sequence 212 on the first surface region 201a of the silicon
water 201 and a laterally delimited second layer sequence
213 on the second surface region 2015 of the silicon wafer
201a re formed.

[0088] To convert the layer structure 211 shown in FIG.
2E into the layer structure 214 shown in FIG. 2F, in each
case a first silicon dioxide side wall layer 215 having a first
thickness d1 is formed on the side walls of the first layer
sequence 212 and of the second layer sequence 213.

[0089] According to the exemplary embodiment
described, this method step is carried out by thermal oxida-
tion of the side walls of the first laterally delimited layer
sequence 212 and of the second laterally delimited layer
sequence 213. Thermal oxidation means that an oxygen
atmosphere is generated in the process chamber and the
reactivity of the oxygen is increased by raising the tempera-
ture. As a result, the side walls of the laterally delimited
layer sequences 212, 213 which include silicon are oxidized
to form silicon dioxide. The result is a first silicon dioxide
side wall layer 215, the first thickness dl of which is
approximately 5 nm.

[0090] The layer structure 216 shown in FIG. 2G is
obtained by in each case forming a second silicon dioxide
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side wall layer 217 having a second thickness d2 on the first
silicon dioxide side wall layers 215 of the first layer
sequence 212 and of the second layer sequence 213.

[0091] In accordance with the described preferred exem-
plary embodiment of the method for fabricating a layer
arrangement, the second silicon dioxide side wall layer 217
is made from silicon dioxide. The second silicon dioxide
side wall layer 217 is applied to the first silicon dioxide side
wall layers 215 using the CVD process.

[0092] According to the exemplary embodiment
described, the second thickness d2 is greater than the first
thickness d1, i.e. d2>d1.

[0093] 1t should be emphasized that as an alternative to the
exemplary embodiment described, the second side wall
layers may also be made from silicon nitride material, which
can likewise be applied to the first silicon dioxide side wall
layers 215 by means of a CVD process.

[0094] According to the exemplary embodiment
described, the second silicon dioxide side wall layers 217 are
formed on the first silicon dioxide side wall layers 215 using
a special CVD process, known as the TEOS (tetraethyl
orthosilicate) process. To achieve a high wet-etching rate of
the second silicon dioxide side wall layers 217, it is pref-
erable to use a LPCVD (low pressure chemical vapor
deposition) process. It should be emphasized that a ther-
mally grown silicon dioxide layer, such as the first silicon
dioxide side wall layer 215, on the one hand, and a silicon
dioxide layer which is applied using the TEOS CVD pro-
cess, in particular using the TEOS LPCVD process, (such as
the second silicon dioxide side wall layer 217), on the other
hand, have different physical properties, in particular in
terms of their interaction with etching chemicals.

[0095] To achieve the layer structure 218 shown in FIG.
2H, doping atoms are introduced into those surface regions
of the silicon substrate 201 which adjoin the lateral end
sections of the second layer sequence 213, with the result
that the LDD regions 219 are formed.

[0096] According to the described exemplary embodiment
of the method for fabricating a layer arrangement, this
method step is carried out using an ion implantation process.
This is understood as meaning the introduction of foreign
atoms into the surface of a solid body by bombarding the
solid body with accelerated ions. By means of ion implan-
tation, it is possible to influence the electrical properties of
the semiconductor material, in particular to increase the
electrical conductivity. The ions are fired onto the second
surface region 2015 of the layer structure 216 with a
predetermined energy and penetrate into the substrate in its
boundary regions with respect to the second laterally delim-
ited layer sequence 213. As shown in FIG. 2H, this results
in LDD regions 219, which according to the exemplary
embodiment described are n-doped. These regions are pro-
vided for the purpose of forming part of the source/drain
regions of what will subsequently be the memory transistor.
The concentration of the doping atoms in the LDD (lightly
doped drain) regions 219 is referred to below as the first
charge carrier density.

[0097] To convert the layer structure 218 shown in FIG.
2H into the layer structure 220 shown in FIG. 21, the second
silicon dioxide side wall layer 217 is removed from the first
laterally delimited layer sequence 212.
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[0098] For this purpose, the sub-region of the layer struc-
ture 218 to the right of the dashed line, i.e. the region of the
memory transistors, is covered with a mask, whereas the
region to the left of the dashed line, i.e. the logic region, is
treated using a wet-chemical etching process. This pattern-
ing step is once again not critical. The second silicon dioxide
side wall layer 217 is removed from the first laterally
delimited layer sequences 212 using a suitable wet-chemical
etching process, with the result that only the first silicon
dioxide side wall layer 215 remains in place on the side wall
of the first laterally delimited layer sequences 212. The
selectivity of the etching process is exploited in the wet-
etching process. With regard to the material constellation of
the layer structure 218, use is made of the fact that wet-
chemical etching, using hydrofluoric acid (HF), of the
second silicon dioxide side wall layer 217 formed using a
CVD process has a significantly higher etching rate than the
wet-chemical etching of the first silicon dioxide side wall
layer 215 formed by means of thermal oxidation. The ratio
of the etching rates of CVD silicon dioxide to thermally
grown silicon dioxide in the case of wet-chemical etching
using hydrofluoric acid is approximately ten to one. This
ensures that the etching process is ended sufficiently reliably
after the second silicon dioxide side wall layer 217 has been
etched away, whereas undesirable further etching of the first
silicon dioxide side wall layer 215 in the first laterally
delimited layer sequence 212 is substantially avoided.

[0099] An alternative way of carrying out the disclosed
method a for fabricating a layer arrangement should also be
pointed out. In the method step described above with ref-
erence to FIG. 2G, in which the second silicon dioxide side
wall layers 217 are formed on the first silicon dioxide side
wall layers 215 of the first and second layer sequences 212,
214, as an alternative to silicon dioxide (Si02), it is also
possible to use silicon nitride (Si3N4) as material for the
second silicon dioxide side wall layers 217. In such a
scenario, the first silicon dioxide side wall layer 215 is
produced from thermally grown silicon dioxide, whereas the
second side wall layer 217 is produced from silicon nitride
which is applied to the first silicon dioxide side wall layer
215 using a suitable CVD process. In such a case, phospho-
ric acid (H3PO4) instead of hydrofluoric acid is a suitable
chemical for the wet-chemical etching process by means of
which the layer structure 220 shown in FIG. 21 is produced
from the layer structure 218 shown in FIG. 2H. In this case,
use is made of the fact that silicon nitride is etched at a
significantly higher etching rate than silicon dioxide when
phosphoric acid is used. The ratio of the wet-etching rates of
silicon nitride which has been grown using a CVD process
and silicon dioxide produced by means of thermal oxidation
is greater than two to one. Therefore, if silicon nitride is used
as material for the second side wall layer 217, the wet etch
of the side wall of the first layer sequence 212 is guaranteed
to stop with sufficient reliability after the second side wall
layer 217 made from silicon nitride has been completely
removed.

[0100] To convert the layer structure 220 shown in FIG.
21 into the layer arrangement 221 shown in FIG. 2J, doping
atoms having a second charge carrier density are introduced
into surface regions of the silicon wafer 201 which are
spatially decoupled from the lateral end sections of the
second laterally delimited layer sequence 213 and which
partially overlap the LDD regions 219 of the silicon wafer
201. As a result, the HDD (highly doped drain) regions 222
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are formed. Furthermore, doping atoms having a third
charge carrier density are introduced into surface regions of
the silicon wafer 201 which adjoin the lateral end sections of
the first laterally delimited layer sequence 212, with the
result that the doped regions 223 are formed.

[0101] According to the described exemplary embodiment
of the fabrication method, the described method steps by
means of which the layer arrangement 221 is obtained from
the layer structure 220 are carried out by using an ion
implantation process. It should be noted that the second
charge carrier density of doping atoms in the HDD regions
222 is higher than the first charge carrier density of doping
atoms in the first LDD regions 219. The HDD regions 222
or the doped regions 223 can be formed either in a common
method step or in two separate method steps.

[0102] The product obtained from the described method
for fabricating a layer arrangement is a preferred exemplary
embodiment of the layer arrangement 221, having a silicon
wafer 201, having a laterally delimited first layer sequence
212 on a first surface region 201a of the silicon wafer 201,
having a laterally delimited second layer sequence 213 on a
second surface region 2015 of the silicon wafer 201, having
a first silicon dioxide side wall layer 215 of thickness d1 on
the side walls of the first and second layer sequences 212,
213 and having a second silicon dioxide side wall layer 217
of the second thickness d2 on the first silicon dioxide side
wall layers 215 of the second laterally delimited layer
sequence 213.

[0103] Between the silicon wafer 201 and the first laterally
delimited layer sequence 212, the electrically insulating
second silicon dioxide layer 207 is arranged on the first
surface region 201a of the silicon wafer 201, and between
the silicon wafer 201 and the second laterally delimited layer
sequence 213 an electrically insulating first silicon dioxide
layer 202 is arranged on the second surface region 201b of
the silicon wafer 201. The second laterally delimited layer
sequence 213 includes a charge-storage part-layer which is
formed as a first polysilicon layer 203, the ONO layer 204,
the second silicon dioxide layer 207, the second polysilicon
layer 208 and the silicon nitride hard mask 209. The first
laterally delimited layer sequence 212 includes the second
polysilicon layer 208 and the silicon nitride hard mask 209.

[0104] The left-hand region of FIG. 2J can be used as a
logic transistor of a logic region of an integrated circuit,
whereas the right-hand region of the layer arrangement 221
from FIG. 2J can be used as a memory transistor of a
memory region of an integrated circuit. The first laterally
delimited layer sequence 212, together with the doped
regions 223, forms a logic transistor which includes a side
wall layer which is formed as a first silicon dioxide side wall
layer 215 and has a sufficiently small thickness dl for the
logic transistor to be sufficiently fast and to have a suffi-
ciently low connection resistance. In this case, the doped
regions 223 function as first and second source/drain
regions, the second silicon dioxide layer 207 functions as a
gate oxide layer and the second polysilicon layer 208
functions as a gate electrode.

[0105] By contrast, the memory transistor in the right-
hand region of the layer arrangement 221 shown in FIG. 2],
which is formed by the second laterally delimited layer
sequence 213 and the LDD regions 219 and the HDD
regions 222, includes a sufficiently thick side wall layer,
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which has been formed from the first silicon dioxide side
wall layer 215 and the second silicon dioxide side wall layer
217, of approximate thickness d1+d2 and is therefore suf-
ficiently reliably shielded from its surroundings. In the
right-hand region of the layer arrangement 221, which is
formed as a memory transistor, the LDD regions 219 and the
HDD regions 222 function as first and second source/drain
regions, the first silicon dioxide layer 202 functions as a gate
oxide layer, the first polysilicon layer 203 functions as a
charge-storage layer, into which electrical charge carriers
can be injected permanently, for example by means of
Fowler-Nordheim tunneling or hot electrons, the ONO layer
204 and the second silicon dioxide layer 207 function as an
electrically insulating layer between the charge-storage layer
203 and the second polysilicon layer 208, the arrangement
comprising the layers 204, 207 being sufficiently thick to
ensure a sufficiently long hold time for the information
stored in the first polysilicon layer 203, the second polysili-
con layer 208 functions as a gate electrode and the silicon
nitride hard mask 209 functions as a protective layer.

[0106] The text which follows, referring to FIGS. 3A to
3E, describes another preferred exemplary embodiment of
the method for fabricating a layer arrangement.

[0107] According to the exemplary embodiment described
below, the method steps which have been described with
reference to FIG. 2A to FIG. 2F are identical to those used
in the method which has been described with reference to
FIG. 2A to FIG. 2].

[0108] The layer structure 300 shown in FIG. 3A is
obtained by, starting from the layer structure 214 shown in
FIG. 2F, depositing a first auxiliary layer 301 comprising
silicon nitride over the entire surface of the laterally delim-
ited layer sequences of the logic region (on the left-hand side
of the figure) and of the memory region (on the right-hand
side of the figure). Then, by way of example, a second,
silicon dioxide auxiliary layer 302 is deposited on the first,
silicon nitride auxiliary layer 301.

[0109] To obtain the layer structure 303 shown in FIG.
3B, the left-hand surface region of the substrate 201, in
accordance with FIG. 3B, is lithographically covered using
a suitable mask, and the second, silicon dioxide auxiliary
layer 302 and the first, silicon nitride auxiliary layer 301 are
removed from the laterally delimited layer sequence on the
right-hand side of FIG. 3B. The second, silicon dioxide
auxiliary layer 302 is removed using a wet-chemical etching
process. Then, the photoresist is removed from the surface
of the layer structure and the first, silicon nitride auxiliary
layer 301 is removed using a wet-chemical etching process
employing hot phosphoric acid. The sub-region of the layer
structure which is on the left-hand side of FIG. 3B, however,
is protected against the first, silicon nitride auxiliary layer
301 being removed. This is based on the high selectivity
achieved when etching with hot phosphoric acid, i.e. this
chemical is effective at etching silicon nitride, whereas
silicon dioxide is protected against being etched.

[0110] To obtain the layer structure 304 shown in FIG.
3C, the second silicon dioxide auxiliary layer 302 is
removed from the surface region of the silicon substrate 201
which is on the left-hand side of FIG. 3C. This is achieved
by using an etching process with dilute hydrofluoric acid, the
high selectivity achieved when etching using hydrofluoric
acid for silicon dioxide produced by means of thermal
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oxidation, on the one hand, and silicon dioxide produced, for
example, using an ozone-activated deposition process, on
the other hand, advantageously being employed. In other
words, by using dilute hydrofluoric acid, it is possible to
remove silicon dioxide, which has been applied using, for
example, an ozone-activated deposition process and which
has not yet been densified by means of a high-temperature
process, with a high etching rate. By contrast, silicon dioxide
produced by means of thermal oxidation is removed at a
much lower etching rate when dilute hydrofluoric acid is
used.

[0111] To obtain the layer structure 305 shown in FIG. 3D,
a second silicon dioxide side wall layer 306 is formed on the
laterally delimited layer sequence on the right-hand side of
FIG. 3D by means of thermal oxidation. It should be noted
that the laterally delimited layer sequence on the left-hand
side of FIG. 3D is protected from thermal oxidation, since
the first, silicon nitride auxiliary layer 301 acts as an
oxidation barrier. Obviously, on account of the material
configuration selected (thermally oxidized silicon dioxide/
silicon nitride), the first, silicon nitride auxiliary layer 301
acts as a protective layer protecting against the formation of
a thermally oxidized silicon dioxide region.

[0112] To obtain the layer structure 307 shown in FIG. 3E,
the first, silicon nitride auxiliary layer 301 is removed from
the laterally delimited layer sequence on the left-hand side
of FIG. 3E using a suitable wet-chemical etching process.
By contrast, on account of the high etching selectivity (once
again in hot phosphoric acid, for example), the second
silicon dioxide side wall layer 306 and the first silicon
dioxide side wall layer 215 of the laterally delimited layer
sequences on the right-hand and left-hand sides of FIG. 3E
are not attacked by the etchant.

[0113] The result is the layer structure 307 shown in FIG.
3E. The laterally delimited layer sequence on the left-hand
side of FIG. 3E has been provided with a thin side wall
oxide layer (only the first silicon dioxide side wall layer
215), whereas the laterally delimited layer sequence on the
right-hand side of FIG. 3E has been covered with a thick
side wall oxide layer (formed by the first silicon dioxide side
wall layer 215 and the second silicon dioxide side wall layer
306).

[0114] Tt should be noted that—in particular if the layer
structure 307 is used as an arrangement for field-effect
transistors—doped surface regions of the substrate 201
which adjoin the laterally delimited layer sequences may be
required. Doped regions of this type may be formed at a
suitable point during the fabrication method, for example
using an ion implantation process.

[0115] Tt is therefore intended that the foregoing detailed
description be regarded as illustrative rather than limiting,
and that it be understood that it is the following claims,
including all equivalents, that are intended to define the
spirit and scope of this invention.

1. A method for fabricating a layer arrangement, com-
prising:

(a) forming at least one first layer sequence, each of which
is laterally delimited by a first side wall, at least as part
of a logic region of a memory arrangement, on a first
surface region of a substrate, and forming at least one
second layer sequence, each of which is laterally delim-
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ited by a second side wall, at least as part of a memory
cell region of the memory arrangement, on a second
surface region of the substrate;

(b) forming, a first side wall layer having a first thickness
and comprising a first electrically insulating material on
at least one sub-region of the first and second side walls
of the first and second layer sequences by means of
thermal oxidation;

(¢) forming a second side wall layer having a second
thickness and comprising a second electrically insulat-
ing material on at least one sub-region of the first side
wall layers of the first and second layer sequences; and

(d) removing the second side wall layer completely
removed from the at least one first layer sequence.
2. The method according to claim 1, wherein (a) further
comprises:

(al) forming a first, electrically insulating auxiliary layer
on the first and second surface regions of the substrate,
forming a second, electrically conductive auxiliary
layer on the first, electrically insulating auxiliary layer,
and forming a third, electrically insulating auxiliary
layer on the second, electrically conductive auxiliary
layer;

(a2) removing the first, second and third auxiliary layers
from the first surface region of the substrate;

(a3) forming a fourth, electrically insulating auxiliary
layer on the first and second surface regions of the
substrate, forming a fifth, electrically conductive aux-
iliary layer on the fourth, electrically insulating auxil-
iary layer, and forming a sixth, electrically insulating
auxiliary layer on the fifth, electrically conductive
auxiliary layer;

(a4) patterning, jointly, the fifth and sixth auxiliary layers
on the first and second surface regions in such a manner
that the at least one laterally delimited first layer
sequence is formed on the first surface region;

(a5) Patterning, on the second surface region, the second,
third and fourth auxiliary layers such that the at least
one second layer sequence, being laterally delimited, is
formed on the second surface region.

3. The method according to claim 2, further comprising:

(e) introducing doping atoms into surface regions of the
substrate which adjoin the lateral end sections of the
second layer sequences, after (¢) and before (d).

4. The method according to one of claim 2, further

comprising subsequent to (d):

(e) introducing doping atoms into surface regions of the
substrate which adjoin the lateral end sections of the
first layer sequences.

5. The method according to claim 1 further comprising:

(e) introducing doping atoms into surface regions of the
substrate which adjoin the lateral end sections of the
second layer sequences, after (¢) and before (d).

6. The method according to claim 5, further comprising

subsequent to (d):

(f) introducing doping atoms into surface regions of the
substrate which are spatially decoupled from the lateral
end sections of the second layer sequences and which
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partially overlap those surface regions of the substrate
into which doping atoms have been introduced.
7. The method according to one of claim 6, further
comprising subsequent to (d):

(g) introducing doping atoms into surface regions of the
substrate which adjoin the lateral end sections of the
first layer sequences.

8. The method according to one of claim 5, further

comprising subsequent to (d):

(©) introducing doping atoms into surface regions of the
substrate which adjoin the lateral end sections of the
first layer sequences.

9. The method according to one of claim 1, further

comprising subsequent to (d):

(e) introducing doping atoms into surface regions of the
substrate which adjoin the lateral end sections of the
first layer sequences.

10. A method for fabricating a layer arrangement, com-

prising:

(a) forming at least one first layer sequence, each of which
is laterally delimited by a first side wall, on a first
surface region of a substrate, and forming at least one
second layer sequence, each of which is laterally delim-
ited by a second side wall, on a second surface region
of the substrate;

(b) forming a first side wall layer having a first thickness
and comprising a first electrically insulating material on
at least one sub-region of the first and second side walls
of the first and second layer sequences;

(c) forming an auxiliary side wall layer on at least one
sub-region of the first side wall layers of the first layer
sequence;

(d) forming a second side wall layer having a second
thickness and comprising a second electrically insulat-
ing material on at least one sub-region of the first side
wall layer of the second layer sequence, the material
used for the auxiliary side wall layer being selected
such that, while the second side wall layer is being
formed on at least one sub-region of the first side wall
layer of the second layer sequence, the auxiliary side
wall layer remains uncovered by the second electrically
insulating material.

11. The method according to claim 10, further compris-

ing:

(e) removing the auxiliary side wall layer from the first

layer stack.

12. The method according to claim 11, in which the
second side wall layer is formed by means of thermal
oxidation of at least part of the material of the second
laterally delimited layer sequence.

13. The method according to one of claim 11, in which the
first and second electrically insulating materials are silicon
dioxide, and in which the material used for the auxiliary side
wall layer is silicon nitride.

14. A memory arrangement having the layer arrangement
according to one of claim 11, wherein:

the at least one first layer sequence on the first surface
region of the substrate forms at least part of the logic
region of the memory arrangement; and
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the at least one second layer sequence on the second
surface region of the substrate forms at least part of the
memory cell region of the memory arrangement.

15. The method according to claim 10, in which the
second side wall layer is formed by means of thermal
oxidation of at least part of the material of the second
laterally delimited layer sequence.

16. The method according to one of claim 15, in which the
first and second electrically insulating materials are silicon
dioxide, and in which the material used for the auxiliary side
wall layer is silicon nitride.

17. A memory arrangement having the layer arrangement
according to one of claim 15, wherein:

the at least one first layer sequence on the first surface
region of the substrate forms at least part of the logic
region of the memory arrangement; and

the at least one second layer sequence on the second
surface region of the substrate forms at least part of the
memory cell region of the memory arrangement.

18. The method according to one of claim 10, in which the
first and second electrically insulating materials are silicon
dioxide, and in which the material used for the auxiliary side
wall layer is silicon nitride.

19. A memory arrangement having the layer arrangement
according to one of claim 18, wherein:

the at least one first layer sequence on the first surface
region of the substrate forms at least part of the logic
region of the memory arrangement; and

the at least one second layer sequence on the second
surface region of the substrate forms at least part of the
memory cell region of the memory arrangement.
20. A memory arrangement having the layer arrangement
according to one of claim 10, wherein:

the at least one first layer sequence on the first surface
region of the substrate forms at least part of the logic
region of the memory arrangement; and

the at least one second layer sequence on the second
surface region of the substrate forms at least part of the
memory cell region of the memory arrangement.

21. A layer arrangement comprising:

a substrate;

at least one first layer sequence, each of which is laterally
delimited by a first side wall, at least as part of a logic
region of a memory arrangement, on a first surface
region of the substrate;

at least one second layer sequence, each of which is
laterally delimited by a second side wall, at least as part
of a memory cell region of the memory arrangement,
on a second surface region of the substrate;

a first side wall layer having a first thickness and com-
prising a first electrically insulating material on at least
one sub-region of each of the first and second side walls
of each of the first and second layer sequences, the first
side wall layer being formed by means of thermal
oxidation:

a second side wall layer having a second thickness and
comprising a second electrically insulating material on
at least one sub-region of each of the first side wall
layers of each of the second layer sequences, the second
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side wall layers being absent from the first side wall
layers of each of the first layer sequences.

22. The layer arrangement according to claim 21, wherein
the first thickness is less than the second thickness.

23. The layer arrangement according to claim 22, wherein
the first thickness is between approximately 5 nm and 7 nm.

24. The layer arrangement according to one of claim 22,
wherein the second thickness is approximately 10 nm or
above.

25. The layer arrangement according to one of claim 22,
wherein the substrate is one of a silicon wafer or a silicon
chip.

26. The layer arrangement according to one of claim 22,
further comprising an insulation layer comprising a third
electrically insulating material is arranged on at least part of
the surface of the substrate located between the substrate and
at least part of the first and/or second layer sequences.

27. The layer arrangement according to one of claim 22,
wherein the first layer sequence further comprises a first
part-layer comprising a first electrically insulating material
and a second part-layer comprising a fourth electrically
insulating material.

28. The layer arrangement according to one of claim 22,
wherein the second layer sequence further comprises a
charge-storage part-layer, a second part-layer comprising a
fifth, electrically insulating material, a third part-layer com-
prising a second, electrically conductive material and a
fourth part-layer comprising a sixth, electrically insulating
material.

29. A memory arrangement having the layer arrangement
according to one of claim 22, wherein:

the at least one first layer sequence on the first surface
region of the substrate forms at least part of the logic
region of the memory arrangement; and

the at least one second layer sequence on the second
surface region of the substrate forms at least part of the
memory cell region of the memory arrangement.

30. The layer arrangement according to claim 21, wherein
the first thickness is between approximately 5 nm and 7 nm.

31. The layer arrangement according to one of claim 30,
wherein the second thickness is approximately 10 nm or
above.

32. The layer arrangement according to one of claim 30,
wherein the substrate is one of a silicon wafer or a silicon
chip.

33. The layer arrangement according to one of claim 30,
further comprising an insulation layer comprising a third
electrically insulating material is arranged on at least part of
the surface of the substrate located between the substrate and
at least part of the first and/or second layer sequences.

34. The layer arrangement according to one of claim 30,
wherein the first layer sequence further comprises a first
part-layer comprising a first electrically insulating material
and a second part-layer comprising a fourth electrically
insulating material.

35. The layer arrangement according to one of claim 30,
wherein the second layer sequence further comprises a
charge-storage part-layer, a second part-layer comprising a
fifth, electrically insulating material, a third part-layer com-
prising a second, electrically conductive material and a
fourth part-layer comprising a sixth, electrically insulating
material.
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36. A memory arrangement having the layer arrangement
according to one of claim 30, wherein:

the at least one first layer sequence on the first surface
region of the substrate forms at least part of the logic
region of the memory arrangement; and

the at least one second layer sequence on the second
surface region of the substrate forms at least part of the
memory cell region of the memory arrangement.

37. The layer arrangement according to one of claim 21,
wherein the second thickness is approximately 10 nm or
above.

38. The layer arrangement according to one of claim 37,
wherein the substrate is one of a silicon wafer or a silicon
chip.

39. The layer arrangement according to one of claim 37,
further comprising an insulation layer comprising a third
electrically insulating material is arranged on at least part of
the surface of the substrate located between the substrate and
at least part of the first and/or second layer sequences.

40. The layer arrangement according to one of claim 37,
wherein the first layer sequence further comprises a first
part-layer comprising a first electrically insulating material
and a second part-layer comprising a fourth electrically
insulating material.

41. The layer arrangement according to one of claim 37,
wherein the second layer sequence further comprises a
charge-storage part-layer, a second part-layer comprising a
fifth, electrically insulating material, a third part-layer com-
prising a second, electrically conductive material and a
fourth part-layer comprising a sixth, electrically insulating
material.

42. A memory arrangement having the layer arrangement
according to one of claim 37, wherein:

the at least one first layer sequence on the first surface
region of the substrate forms at least part of the logic
region of the memory arrangement; and

the at least one second layer sequence on the second
surface region of the substrate forms at least part of the
memory cell region of the memory arrangement.

43. The layer arrangement according to one of claim 21,
wherein the substrate is one of a silicon wafer or a silicon
chip.

44. The layer arrangement according to one of claim 43,
further comprising an insulation layer comprising a third
electrically insulating material is arranged on at least part of
the surface of the substrate located between the substrate and
at least part of the first and/or second layer sequences.

45. The layer arrangement according to one of claim 43,
wherein the first layer sequence further comprises a first
part-layer comprising a first electrically insulating material
and a second part-layer comprising a fourth electrically
insulating material.

46. The layer arrangement according to one of claim 43,
wherein the second layer sequence further comprises a
charge-storage part-layer, a second part-layer comprising a
fifth, electrically insulating material, a third part-layer com-
prising a second, electrically conductive material and a
fourth part-layer comprising a sixth, electrically insulating
material.

47. A memory arrangement having the layer arrangement
according to one of claim 43, wherein:
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the at least one first layer sequence on the first surface
region of the substrate forms at least part of the logic
region of the memory arrangement; and

the at least one second layer sequence on the second
surface region of the substrate forms at least part of the
memory cell region of the memory arrangement.

48. The layer arrangement according to one of claim 21,
further comprising an insulation layer comprising a third
electrically insulating material is arranged on at least part of
the surface of the substrate located between the substrate and
at least part of the first and/or second layer sequences.

49. The layer arrangement according to one of claim 48,
wherein the first layer sequence further comprises a first
part-layer comprising a first electrically insulating material
and a second part-layer comprising a fourth electrically
insulating material.

50. The layer arrangement according to one of claim 48,
wherein the second layer sequence further comprises a
charge-storage part-layer, a second part-layer comprising a
fifth, electrically insulating material, a third part-layer com-
prising a second, electrically conductive material and a
fourth part-layer comprising a sixth, electrically insulating
material.

51. A memory arrangement having the layer arrangement
according to one of claim 48, wherein:

the at least one first layer sequence on the first surface
region of the substrate forms at least part of the logic
region of the memory arrangement; and

the at least one second layer sequence on the second
surface region of the substrate forms at least part of the
memory cell region of the memory arrangement.

52. The layer arrangement according to one of claim 21,
wherein the first layer sequence further comprises a first
part-layer comprising a first electrically insulating material
and a second part-layer comprising a fourth electrically
insulating material.

53. The layer arrangement according to one of claim 52,
wherein the second layer sequence further comprises a
charge-storage part-layer, a second part-layer comprising a
fifth, electrically insulating material, a third part-layer com-
prising a second, electrically conductive material and a
fourth part-layer comprising a sixth, electrically insulating
material.

54. A memory arrangement having the layer arrangement
according to one of claim 52, wherein:

the at least one first layer sequence on the first surface
region of the substrate forms at least part of the logic
region of the memory arrangement; and

the at least one second layer sequence on the second

surface region of the substrate forms at least part of the
memory cell region of the memory arrangement.

55. The layer arrangement according to one of claim 21,

wherein the second layer sequence further comprises a
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charge-storage part-layer, a second part-layer comprising a
fifth, electrically insulating material, a third part-layer com-
prising a second, electrically conductive material and a
fourth part-layer comprising a sixth, electrically insulating
material.

56. The layer arrangement according to claim 55, in which
the charge-storage part-layer is one of:

a layer comprising polycrystalline silicon with a silicon
dioxide-silicon nitride-silicon dioxide layer sequence
(ONO layer) as covering layer; or a silicon dioxide-
silicon nitride-silicon dioxide layer sequence (ONO
layer).

57. The layer arrangement according to claim 56, wherein
the first and/or second electrically conductive material com-
prises polycrystalline silicon.

58. The layer arrangement according to one of claim 56,
wherein each of the first, second, third, fourth, fifth and sixth
electrically insulating materials, comprises one of:

silicon dioxide;
silicon nitride; or

a silicon dioxide-silicon nitride-silicon dioxide layer

sequence (ONO layer).

59. The layer arrangement according to claim 55, wherein
the first and/or second electrically conductive material com-
prises polycrystalline silicon.

60. The layer arrangement according to one of claim 59,
wherein each of the first, second, third, fourth, fifth and sixth
electrically insulating materials, comprises one of:

silicon dioxide;
silicon nitride; or

a silicon dioxide-silicon nitride-silicon dioxide layer
sequence (ONO layer).
61. The layer arrangement according to one of claim 55,
wherein each of the first, second, third, fourth, fifth and sixth
electrically insulating materials, comprises one of:

silicon dioxide;
silicon nitride; or

a silicon dioxide-silicon nitride-silicon dioxide layer
sequence (ONO layer).
62. A memory arrangement having the layer arrangement
according to one of claim 21, wherein:

the at least one first layer sequence on the first surface
region of the substrate forms at least part of the logic
region of the memory arrangement; and

the at least one second layer sequence on the second
surface region of the substrate forms at least part of the
memory cell region of the memory arrangement.
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