
;e3eU*OUJJKtM".MrN6NT*Och=  Description Nonvolatile semiconductor storage
element and associated production and control method 5 The present
invention relates to a nonvolatile semiconductor storage element and an
associated production and control method and, in particular, to a
nonvolatile dual-bit split-gate storage cell in which 10 information is
written in by means of charge carrier injection at the source. Nonvolatile
semiconductor memories which are known, for example, as FLASH memory,
EPROM, EEPROM, FPGAs and the 15 like, are becoming more and more successful
in many fields such as, e.g. dataprocessing, telecommunications,
entertainment, electronics and security technology since they can store
data in a very small space over a long period and without using a 20 supply
voltage. In this connection, there is a multiplicity of different storage
element types, the present invention relating to, in particular, a
so-called split-gate 25 storage cell. Figure 1 shows a simplified sectional
view of such a conventional split-gate storage element. 30 According to
Figure 1, a channel region located in a semiconductor substrate 1 between a
source region S and a drain region D is split into a first part-section I
and a second part-section II, a control layer 5 being formed directly above
the channel region and being 35 separated from this by a first insulating
layer 2A in the first part-section whereas it is located only indirectly
above the channel region or semiconductor substrate 1, respectively, in a
second part-section II. To achieve the desired charge-storing
characteristics,    - 2  instead, a charge storage layer 3 is formed above
the channel region or semiconductor substrate 1, respectively, and
insulated from the latter by a second insulating layer or tunnel layer 2B
in the second parts section II. To implement a so-called source side charge
carrier injection (SSI - source side injection), the split-gate storage
element according to Figure 1 also has a 10 programming layer 6 which is
essentially formed on the surface of the charge storage layer 3 and
separated or insulated from the latter by a third insulating layer 4. 



15 For programming or injecting charge carriers into the charge storage
layer 3, a programming electrode PG connected to the programming layer 6, a
control electrode CG connected to the control layer 5, a source line SL
connected to the source region S and a bit line 20 BL connected to the
drain region D are connected in such a manner that at the transition
between the first and second part-section I and II, an electrical field is
built up in the channel area which is of such an amplitude that, due to the
high potential gradient 25 present, electrons coming from the source region
S are accelerated in such a manner that they are injected in to the charge
storage layer. Such programming under SSI (source side injection)
conditions extends the life of storage elements due to the reduced stress
on the 30 insulating layers compared with the excessive electrical fields
required for a drain-side charge carrier injection. In addition,
programming under SSI conditions is much more efficient than a drain-side
charge carrier injection as a result of which, in 35 particular, the time
required for such programming is reduced or, with the same programming
time, the channel current and thus the power consumption can be reduced. In
particular, however, the operating voltages can be   - 3  significantly
reduced in the case of storage elements with source side charge carrier
injection. A disadvantageous factor in such storage elements with 5 source
side charge carrier injection is, however, too much greater design
expenditure resulting, in particular, from the three separate control
layers charge storage layer 3, programming layer 6 and control layer 5. It
is particularly due to the additional 10 programming layer 6 and a lack of
self-adjustment that high integration densities can only be implemented to
a limited extent for such split-gate storage elements. Figure 2 shows a
simplified sectional view of a further 15 nonvolatile storage element,
where essentially a so called CHE (channel hot electron) charge carrier
injection takes place at the drain by means of hot charge carriers from the
channel. 20 According to Figure 2, such a nonvolatile storage element
consists of a semiconductor substrate 1 in which a source region S, a drain
region D and an intermediate channel region are formed, a charged storage
layer 3 being formed by a first insulating 25 layer 2 on the channel
region, separated from the latter, and again being suitable for storing
charge carriers. On the surface of the charge storage layer 3 is again a
control layer 5 which is separated from the charge storage layer 3 by a
further insulating layer 4. 30 In contrast to the split-gate storage cell
with sourceside charge carrier injection, described above, this nonvolatile
storage cell only needs three contact connections, namely a control
electrode CG or wordline 35 WL to connect the control layer 5 and a source
line SL for connecting the source region S and a bitline BL for connecting
the drain region. As a result, the structure and thus also the production
of such a conventional storage cell is considerably simplified and an 



- 4  increased density of integration can be achieved particularly due to
the lack of a contact connection for a programming layer. 5 A
disadvantageous factor in such a nonvolatile storage cell is, however, the
use of necessary and high operating voltages in order to achieve a CHE
(channel hot electron) channel injection by means of hot charge carriers.
In particular, these high drain and gate 10 voltages are the result of the
effort to shorten the programming time which is why programming essentially
takes place in the vicinity of the breakdown voltages. In consequence, such
high voltages for implementing a charge carrier injection under CHE
conditions need 15 additional voltage supply circuits and an extremely high
stress on the insulating layers provided. Figure 3 shows a simplified
sectional view of a further conventional nonvolatile semiconductor storage
element 20 for storing two bits such as is known, for example, from the
printed document US 6,366,500. According to Figure 3, a source region S and
a drain region D with an intermediate channel region is again 25 formed in
a semiconductor substrate 1, which channel region exhibits a first
part-section I and two second part-sections IIA and IIB at the source and
at the drain. On the surface of the semiconductor substrate 1 or the
channel region, respectively, there is again a 30 first insulating layer as
gate dielectric or as tunnel dielectric, a control layer 5 being formed on
the surface of the first insulating layer 2 in the first part section I and
a drain side charge storage layer 3A and a source side charge storage layer
3B, which have 35 doped polysilicon as electrically conductive floating
gates, being formed in each case in the two second part-sections IIA and
IIB of the channel region.   - 5  To implement the abovementioned source
side charge carrier injection or SSI condition, respective drainside and
source side programming layers 6A and 6B, which are insulated or separated
from the respective 5 charge storage layers 3A and 3B by a further
insulating layer 4A and 4B, are located at the charge storage layers 3A and
3B. Although this provides a so-called dual-bit split-gate 10 storage cell
with source side charge injection, the 



complexity and space requirement are again increased due to the programming
layers 6A and 6B used. Figure 4 shows a simplified sectional view of a
further 15 conventional dual-bit split-gate storage cell, where identical
reference symbols again describe identical or corresponding elements as in
Figures 1 to 3 and a repeated description is omitted in the text which
follows. 20 According to Figure 4, it is again possible to store two
storage states, i.e. two bits, at the source and at the drain in a charge
storage layer 3A and 3B, but such a storage element uses an electrically
nonconductive 25 silicon nitride layer as the charge storage layer. Such a
split-gate storage element as is known, for example, from the printed
document US 5,408,115, again results in advantageous or low programming
voltages due to the adjustable SSI condition, in which case the complexity
30 and the space required for achieving such a storage element are again
very high. The invention is, therefore, based on the object of creating a
nonvolatile semiconductor storage element 35 and an associated production
and control method by means of which a simplified structure can be achieved
with advantageous programming conditions.   - 6  According to the
invention, this object is achieved by the features of Claim 1 with regard
to the split-gate storage element, by the measures of Claim 7 with regard
to the production method and by the measures of Claims 5 16 to 18 with
regard to the control method. It is particularly due layer for electrically
to the source region 10 simpler structure with obtained, the operating
source side charge carr: to the use of an interconnect connecting the
programme layer or drain region that a much much less space requirement is
voltages still being low due to Ler injection. A charge storage layer
preferably consists of an 15 electrically nonconductive insulating layer
such as, e.g. an Si3N4 or Zr02 layer which provides a further increase in
the integration density. 



A second part section of the channel region is 20 preferably divided into a
source side and drain side part section and a charge storage layer, a
programming layer and an interconnect layer also being divided into a
source side and drain side charge storage layer, programming layer, and
interconnect layer in the same 25 manner as a result of which a so-called
dual-bit splitgate storage cell can be implemented in a simple manner. With
regard to the method, a dual-bit split-gate 30 storage element can be
produced in a particularly simple and inexpensive manner by forming a
sequence of layers consisting of a second insulating layer, a charge
storage layer and a third insulating layer on the surface of a
semiconductor substrate and of a 35 patterned control layer and a
subsequent spacer method for forming and patterning respective programming
layers.    With regard to the control method, corresponding write voltages
are applied to the source side and drain side interconnect layers and the
control layer for implementing the writing of information into the 5
storage cell for generating an SSI (source side injection) condition which
is why low write operating voltages can be achieved. On the other hand, to
erase information, erase voltages 10 can be applied to the drain side
interconnect layer and to the control layer which are such that an
avalanche effect condition results in the channel and relatively low
operating voltages are again required. 15 To read out voltages are
interconnect manner that preferably o~ 20 an information item,
corresponding read applied to the source side and drain side layers and to
the control layer in such a a so-called reverse readout condition is
stained in the storage element. In this manner, a11 necessary control
conditions can be created for the split-gate storage cell according to the
invention in spite of a lack of separate connections for the respective
programming layers. 25 Further advantageous embodiments of the invention
are characterized in the subclaims. In the text which follows, the
invention will be 30 described in greater detail by means of an
illustrative 



embodiment and referring to the drawing, in which: Figure 1 shows a
simplified sectional view of a splitgate storage element according to the
prior art; 35 Figure 2 shows a simplified sectional view of a nonvolatile
storage element according to the prior art;   - g _ Figure 3 shows a
simplified sectional view of a dualbit split-gate storage element according
to the prior art; 5 Figure 4 shows a simplified sectional view of a further
dual-bit split-gate storage element according to the prior art; Figure 5
shows a simplified sectional view of a dual10 bit split-gate storage
element according to the invention; and Figures 6A and 6G show simplified
sectional views for illustrating essential method steps in the production
15 of the dual-bit split-gate storage element according to the invention
according to Figure 5. In the text which follows, the invention will be
described by means of a dual-bit split-gate storage 20 element for storing
two memory states in a source side and drain side area but, in principle,
corresponding nonvolatile semiconductor storage elements for storing only a
single state are also conceivable. In particular, it should be pointed out
that due to the 25 svmmetrv of the storage element shown in the figures,
the source region and the drain region can be considered as being
equivalent and, in consequence, are also correspondingly interchangeable.
In particular, this also applies to the source side and drain side 30
layers, where only the respective connection potentials need to be
exchanged. Figure 5 shows a simplified sectional view of a dualbit
split-gate storage element according to the 35 invention, identical
reference symbols representing identical or corresponding layers and
elements as in Figures 1 to 4 and a repeated description being omitted in
the text which follows. 



_ g _ According to Figure 5, a source region S, a drain region D and an
intermediate channel region are formed in a semiconductor substrate 1 which
preferably has a silicon semiconductor substrate, this structure 5
corresponding, for example, to a PMOS or NMOS transistor structure and
having corresponding p- and ntype dopings. To achieve a so-called split
gate area, the channel region has a first part-section I which is
essentially located in a central area of the channel 10 region, and two
second part-sections IIA and IIB which adjoin the first part-section I in
drain side and source side areas of the channel region and extend to the
source region S and drain region D. 15 According to Figure 5, an
electrically conductive control layer 5 which is insulated from the channel
region by a first insulating layer 2A is formed on the first part-section I
of the channel region. The control layer 5 consists, for example, of a
highly doped 20 polysilicon layer, the first insulating layer 2A
representing a gate dielectric and preferably exhibiting Si02. On the two
second part-sections IIA and IIB of the channel region, on the other hand,
a drain side and source side charge storage layer 3A and 25 3B which is
separated or insulated from the channel region by a second insulating layer
2BA and 2BB is located in each case and the second insulating layer 2BA and
2BB can also be identical with the first insulating layer 2. 30 The charge
storage layers preferably consist of an electrically nonconductive
insulating layer such as, e.g. a silicon nitride layer, which results in
small layer thicknesses and advantageous charge retaining 35
characteristics and insulating characteristics, respectively. In principle,
however, other insulating layers such as, for example, Zr02, HFOZ or also
conventional electrically conductive floating-gate layers can be used as
charge storage layers 3A and 3B.   - 10  In the area of the drain side and
source side charge storage layers 3A and 3B, electrically conductive
programming layers 6A and 6B are also formed at the drain and at the
source, which are in each case 5 separated or insulated from the charge
storage layer 3A and 3B by a third insulating layer 4A and 4B (e. g. Si02 )
. Unlike the prior art, however, these drain sideand10source side
programming layers 6A and 6B cannot now becontrolled separately from the
source region S andthedrain region D but are electrically connected
onthedrain side and on the source side directly tooneanother via a
respective interconnect layer 6AAand156BB. This provides a split-gate
storage elementwithreduced number of connecting contacts,
particularlyforthe conventionally used programming electrodes PG,onlyone
source line SL for connecting the source region Sand the source side
programming layer 6B to a20programming electrode PG and one bitline
BLforsimultaneously connecting the drain region D andthedrain side
programming layer 6A via the drainsideinterconnect layer 6AA being formed
now. The controlelectrode CG or word line WL is again usedfor25connecting
the control layer 5. Accordingly, a source side charge carrier injection
can still be implemented with much reduced space requirement for the
integrated storage element, which 



30 results in advantageous or low operating voltages. The materials used
for the third insulating layers 4A and 4B are preferably oxide layers such
as, e.g. Si02 which results in a so-called ONO (oxide/nitride/oxide) 35
sequence of layers for the sequence of layers in the two second
part-sections IIA and IIB, which exhibits excellent insulating properties
due to its band structure.    - 11  In the same manner as the control layer
5, the programming layer 6A and 6B and the associated interconnect layer
6AA and 6BB can also exhibit heavily doped polysilicon which provides for
particularly 5 simple processing, and thus an inexpensive storage element,
by using standard materials. A fourth insulating layer 7 which again
consists of silicon dioxide is preferably used for insulating the 10
control layer 5 and the programming layers and interconnect layers and this
fourth insulating layer can also be located as a drain side and source side
fourth part insulating layer 7A and 7B in a recess close to the surface in
at least the charge storage 15 layers 3A and 3B which provides improved
insulation of this charge storage layer, particularly with respect to the
interconnect layers 6AA and 6BB. This recess close to the surface has been
achieved by means of an isotropic etching before the insulating layer 7 was
20 deposited. However, these part insulating layers 7A and 7B can also be
omitted, particularly when electrically insulating charge storage layers 3A
and 3B are used, 25 since the injected charge carriers are essentially
inserted in the charge storage layer 3A and 3B at the transition of the
part-sections I to IIA or IIB and there is essentially no migration of
these charge carriers within the charge storage layer. 30 Accordingly, SSI
split-gate storage elements are obtained which exhibit advantageous
operating voltages with simplified structure and reduced space requirement.
35 Figures 6A to 6G show simplified sectional views for illustrating
essential method steps in the production of the SSI split-gate storage
element according to the invention, identical reference symbols again 



i - 12  designating identical or corresponding layers or elements as in
Figure 5 and a repeated description being omitted in the text which
follows. 5 According to Figure 6A, a semiconductor substrate 1 is first
prepared, active regions being defined, for example, by means of trench
isolations or corresponding well dopings being performed. On the surface of
the semiconductor substrate 1, a first insulating layer 2A 10 is first
formed as the gate dielectric for the storage element, a silicon dioxide
layer preferably being used as the gate oxide layer in the case of a
silicon semiconductor substrate. Naturally, other semiconductor materials
and other gate dielectrics can also be used 15 for the semiconductor
substrate 1 and the first insulating layer 2A. Following this, an
electrically conductive control layer 5 is formed on the surface of the
first 20 insulating layer 2A, for example by means of a deposition process,
and patterned in such a manner that the sectional view shown in Figure 6A
is obtained. Preferably, a heavily doped polysilicon layer is deposited as
the control layer 5 and patterned by means 25 of a photolithographic method
for forming a so-called gate. According to Figure 6B, the first insulating
layer 2A can also be patterned in a subsequent step or 30 simultaneously
with the patterning of the control layer 5, as a result of which only the
first insulating layer 2A remains as gate dielectric below the control
layer 5. However, this patterning can also be omitted. 35 Following this, a
sequence of layers consisting of a second insulating layer 2B, a charge
storage layer 3 and a third insulating layer 4 is formed on the surface of
the semiconductor substrate 1 or, respectively, on the surface of the first
insulating layer 2A and the   - 13  patterned control layer 5, in which
process an ONO (oxide/nitride/oxide) sequence of layers is preferably
deposited over the whole area and the silicon nitride layer is used as the
charge storage layer 3. As an 5 alternative, another electrically
insulating charge storage layer such as e.g. Zr02 or else an electrically
conductive charge storage layer can also be deposited as the charge storage
layer 3. A particularly advantageous sequence of layers which provides for
high 



10 integration density with a simplified procedure is obtained, in
particular, when the first insulating layer 2A is etched back and the ONO
sequence of layers shown is formed. 15 In a subsequent method step,
according to Figure 6C, a programming layer is initially deposited over the
whole area and patterned in such a manner that programming layers 6A and 6B
are obtained at the drain and at the source on the sidewalls of the
patterned control layer 20 5 or of the corresponding ONO sequence of
layers, respectively. During this process, a so-called spacer method is
preferably used for forming the programming layers 6A and 6B, a second
polysilicon layer first being deposited conformally, i.e. with the same 25
thickness, as programming layer and then anisotropic etching back taking
place, as a result of which the programming layers 6A and 6B are formed in
the form of spacers on the sidewalls of the control layer 5. 30 Using these
patterned programming layers or spacers 6A and 6B and the patterned control
layer 5 with the sequence of layers of second insulating layer 2B, charge
storage layer 3 and third insulating layer 4 lying above, source regions S
and drain regions D are 35 then formed in a self-aligning manner in the
semiconductor substrate 1. During this process, for example, an ion
implantation is performed and a thermal posttreatment can be   - 14
performed for diffusing out and activating the respective source and drain
regions. An annealing process can also then be performed for reconstructing
any crystal lattice which may have been disturbed. 5 In a subsequent method
step, according to Figure 6D, the sequence of layers consisting of the
third insulating layer 4, the charge storage layer 3 and the second
insulating layer 2B is patterned, by using the 10 spacers or patterned
programming layers 6A and 6B, in such a manner that both the control layer
5 and the semiconductor substrate 1 or, respectively, the source and drain
regions S and D are exposed. For this exposing of the source and drain
regions, a so-called 15 ONO dry etching method is preferably performed.
This provides a drain side and source side sequence of layers consisting of
a drain side and source side second insulating layer 2BA and 2BB, a drain
side and 20 source side charge storage layer 3A and 3B and a drain side and
source side third insulating layer 4A and 4B. At this time, further etching
back of at least the drain side and source side charge storage layer 3A and
25 3B can optionally be performed for forming at least recesses close to
the surface below the patterned programming layers 6A and 6B, which, in
particular, allows the insulation properties or leakage current properties
to be improved considerably. In this 



30 process, a nitride etching method is preferably used. In a subsequent
method step, according to Figure 6E, a fourth insulating layer 7 is formed
on the surface of the semiconductor substrate 1 and of the patterned 35
programming layers 6A and 6B and the patterned control layer 5, during
which the places etched back or, respectively, recesses generated in at
least the charge storage layer in the optional backetching step are also
filled up. To fill up the charge storage layer recesses   - 15  formed
optionally, for example, by an isotropic back etching method, a CVD oxide
deposition is performed, for example. 5 In a subsequent method step,
according to Figure 6F, the source region S and the drain region D are
exposed, during which at least parts of the patterned drain side and source
side programming layer 6A and 6B are also exposed for forming interconnect
areas. During this 10 process, a photolithographic method for forming
contact openings or holes followed by anisotropic dry etching is preferably
performed. According to Figure 6G, an electrically conductive 15
interconnect layer is then formed in the exposed interconnect areas, such
as e.g. contact openings, for contacting the drain side programming layer
6A and the drain region D and the source side programming layer 6B and the
source region S. During this process, a third 20 polysilicon layer is
preferably deposited as the electrically conductive interconnect layer and
planarized up to the fourth insulating layer 7, which results in a drain
side interconnect layer 6AA and a source side interconnect layer 6BB. As
the planarizing 25 method, for example, a CMP (chemical mechanical
polishing) method is performed which stops on the fourth insulating layer
7. In this manner, an SSI split-gate storage cell with a 30 small area
requirement and simple structure can be formed by using standard methods.
In the text which follows, a control method or way of operating the
split-gate storage element according to 35 the invention is described,
again with reference to Figure 5, and only the conditions for writing,
erasing or reading an information item or a state in the righthand half are
defined and writing, erasing or reading of a state can also be
correspondingly performed in the   



- 16  left-hand side of the storage element when corresponding voltages are
applied. Due to the symmetry of the storage element, the source region and
the drain region are equivalent and correspondingly 5 interchangeable. To
write an information item into a split-gate storage element or to programme
the storage element by means of source side charge carrier injection (SSI),
the 10 potential at the source line SL or, respectively, the source region
S and the source side programming layer 6B must be positive in order to be
able to programme the state on the right-hand side of the storage element.
More precisely, accordingly, a first positive 15 write voltage is applied
to the source side interconnect layer 6BB, a first write voltage of 2 V
being applied, for example. The drain side voltage or, respectively, the
voltage at the drain side programming layer 6A and the drain region D must
be 20 much higher than the first positive write voltage or, respectively,
the voltage at the source region S and the source side programming layer 6B
and have, for example, a voltage of VPs - 6 V as a second write voltage. A
slightly higher third positive write voltage 25 than the RMS threshold
voltage of a respective inner transistor must then be applied to the
control layer 5 for generating the SSI (source side injection) condition
described above, a voltage of V~~ = 1.5 V, for example, being sufficient if
the threshold voltage VT 30 of an "inner" transistor of the storage element
is equal to 1 V. In this manner, a source side charge carrier injection can
be performed in the drain side charge storage layer 35 3A in spite of a
direct contact of the programming layers with the respective source and
drain regions, the operating voltages being correspondingly low.   - 17  To
erase an information item - again in the right-hand half of the split-gate
storage element according to the invention - by comparison, a floating
potential is applied to the source side interconnect layer 6BB 5 whereas a
high first erase voltage of, for example, VPs - 8 V is applied to the drain
side interconnect layer 6AA, as a result of which hot holes are generated
in the space charge zone of the drain region by means of an avalanche
effect at the drain and are inserted into 10 the drain side charge storage
layer 3A. To improve an erasing process, a lower second erase voltage than
the threshold voltage of a respective "inner" transistor can be applied to
the control layer 5, a negative voltage preferably being used. 15 To read
an information item in a right-hand half of the split-gate storage element,
a first positive read voltage of, for example, VSL - 3 V is applied to the
source side interconnect layer 6B$ whereas a second 



20 read voltage which is sufficiently smaller than the first read voltage
and is e.g. VPs - 0 V is applied to the drain side interconnect layer 6AA.
To generate a preferably reverse readout condition, a third read voltage in
the region of the first read voltage of, for 25 example, V~~ = 2 to 5 V is
applied to the control layer 5. With regard to the reverse readout
condition, it should be pointed out that source and drain are interchanged
and the charge now captured at the source, i . a . at the drain in Figure 5
, has a greater influence 30 on the read current than the charge captured
at the drain, i.e. at the source in Figure 5. Although this charge is
covered by the positive drain voltage, it has an insignificant influence on
the resultant read current, which is why states can still be read out 35
sufficiently accurately in the storage element according to the invention
with the source regions and drain regions with a short-circuited
interconnect layer. More precisely, an associated channel section is
depleted, and requires a high impedance, with a   - 18  negatively charged
charge storage layer 3A or 3B, respectively, which results in a reduced
read current, on the one hand. On the other hand, an associated channel
section requires a low impedance with a 5 positively charged charge storage
layer (holes), which results in an increased read current. The invention
has been described above by means of a dual-bit split-gate storage element
for storing two 10 states. However, it is not restricted to this and can
also exhibit non-volatile semiconductor storage elements with only one
storage state in the same manner. Furthermore, doped polysilicon layers
were described as materials for the electrically conductive 15 layers but
alternative materials and, in particular, metallic materials can also be
used. In the same manner, alternative materials can also be used for the
insulating layers and for the semiconductor substrate.   - 19  Patent
Claims 1. Nonvolatile semiconductor storage element with a semiconductor
substrate (1) in which a source region 5 (S), a drain region (D) and an
intermediate channel region are formed; a control layer (5) which is formed
on a first part section (I) of the channel region and is insulated from
this by a first insulating layer (2A); 



10 a charge storage layer (3A, 3B) which is formed on a second part section
(IIA, IIB) of the channel region and is insulated from that by a second
insulating layer (2BA, 2BB); and a programming layer (6A, 6B) which is
formed on the 15 charge storage layer (3A, 3B) and is insulated from that
by a third insulating layer (4A, 4B), characterized by an interconnect
layer (6AA, 6BB) for electrically connecting the programming layer (6A, 6B)
to the source region (S) or drain region (D). 20 2. Nonvolatile
semiconductor storage element according to Claim 1, characterized in that
the second part section of the channel region has a source side part
section (IIB) and a drain side part section (IIA); 25 the charge storage
layer has a source side charge storage layer (3B) and a drain side charge
storage layer (3A); the programming layer has a source side programming
layer (6B) and a drain side programming layer (6A); and 30 the interconnect
layer has a source side interconnect layer (6BB) and a drain side
interconnect layer (6AA), the source side interconnect layer (6BB)
electrically connecting the source side programming layer (6B) to the
source region (S) and the drain side interconnect 35 layer (6AA)
electrically connecting the drain side programming layer (6A) to the drain
region (D). 3. Nonvolatile semiconductor storage element according to Claim
1 or 2, characterized in that the   - 20  charge storage layer (3A, 3B)
represents an electrically nonconductive layer. 4. Nonvolatile
semiconductor storage element 5 according to one of Claims 1 to 3,
characterized in that the first and second insulating layer (2A, 2BA, 2BB)
exhibits SiOz. 5. Nonvolatile semiconductor storage element 10 according to
one of Claims 1 to 4, characterized in that the charge storage layer (3A,
3B) exhibits an Si3Nq, HFOZ or ZrOz layer. 6. Nonvolatile semiconductor
storage element 15 according to one of Claims 1 to 5, characterized in that
the control layer ( 5 ) , the programming layer ( 6A, 6B) and the
interconnect layer (6AA, 6BB) have doped polysilicon. 



20 7. Method for producing a nonvolatile semiconductor storage element with
the following steps: a) preparing a semiconductor substrate (1); b) forming
a first insulating layer (2A) on the surface of the semiconductor substrate
(1); 25 c) forming and patterning a control layer (5) on the surface of the
first insulating layer (2A); d) forming a sequence of layers consisting of
a second insulating layer (2B), a charge storage layer (3) and a third
insulating layer (4) on the surface of 30 the semiconductor substrate (1)
and of the patterned control layer (5); e) forming and patterning a
programming layer (6A, 6B) on the third insulating layer (4) on the side
walls of the patterned control layer (5); 35 f) forming source regions (S)
and drain regions (D) in the semiconductor substrate (1) by using the
patterned programming layer ( 6A, 6B) and the patterned control layer (5)
as a mask;   - 21  g) patterning the third insulating layer (4), the charge
storage layer (3) and the second insulating layer (2B) by using the
patterned programming layer (6A, 6B) as a mask; 5 h) forming a fourth
insulating layer (7) on the surface of the semiconductor substrate (1), of
the patterned programming layer (6A, 6B) and of the patterned control layer
(5); i) exposing interconnect areas at least of parts of 10 the patterned
programming layer (6A, 6B), of the source region (S) and of the drain
region (D); and j) forming an electrically conductive interconnect layer
(6AA, 6BB) in the exposed interconnect areas for contacting the programming
layer (6A, 6B) of the source 15 region (S) and of the drain region (D). 8.
Method according to Claim 7, characterized in that a gate dielectric is
formed as the first insulating layer (2A) in step b). 20 9. Method
according to Claim 7 or 8, characterized in that a first polysilicon layer
is deposited as control layer (5) in step c). 



25 10. Method according to one of Claims 7 to 9, characterized in that an
ONO sequence of layers is deposited in step d). 11. Method according to one
of Claims 7 to 10, 30 characterized in that a spacer method is performed
for depositing and patterning a second polysilicon layer as programming
layer (6A, 6B) in step e). 12. Method according to one of Claims 7 to 11,
35 characterized in that an ion implantation and a thermal post-treatment
is performed for diffusing-out and activating the source and drain regions
(S, D) in step f).   - 22  13. Method according to one of Claims 7 to 12,
characterized in that an anisotropic dry etching of the sequence of layers
and an isotropic etching-back of at least the charge storage layer (3) is
performed for 5 forming charge storage layer recesses in step g). 14.
Method according to Claim 13, characterized in that an oxide deposition is
performed for filling up the charge storage layer recesses in step h). 10
15. Method according to one of Claims 7 to 14, characterized in that a
third polysilicon layer is deposited and planarized as interconnect layer
(6AA, 6BB) in step j). 15 16. Method for writing an information item into a
nonvolatile semiconductor storage element according to one of Claims 2 to
6, with the following steps: a) applying a first positive write voltage to
the 20 source side interconnect layer (6BB); b) applying a second positive
write voltage, which is much higher than the first positive write voltage,
to the drain side interconnect layer (6AA); and c) applying a third
positive write voltage, which is 25 slightly higher than the RMS threshold
voltage of a respective inner transistor, to the control layer (5) for
generating an SSI condition. 17. Method for erasing an information item in
a 30 nonvolatile semiconductor storage element according to 



one of Claims 2 to 6, comprising the following steps: a) applying a
floating potential to the source side interconnect layer (6BB); b) applying
a high first erase voltage to the drain 35 side interconnect layer (6A.A);
and c) applying a second erase voltage, which is lower than the RMS
threshold voltage of a respective inner transistor, to the control layer
(5) for generating an avalanche effect condition.   - 23  18. Method for
reading an information item in a nonvolatile semiconductor storage element
according to one of Claims 2 to 6, comprising the following steps: 5 a)
applying a first positive read voltage to the source side interconnect
layer (6BB); b) applying a second read voltage, which is sufficiently
smaller than the first read voltage, to the drain side interconnect layer
(6AA); and 10 c) applying a third read voltage, which is in the region of
the first read voltage, to the control layer (5) for generating a reverse
readout.
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