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(57) ABSTRACT 
In order to be able to store information in a non-volatile 
fashion as compactly and as ?exibly as possible in a semi 
conductor memory cell, the original gate region of a con 
ventional memory transistor is removed, and a memory gate 
con?guration having a plurality of memory gates that are 
spatially separate from one another and that are electrically 
insulated With respect to one another is formed. 
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SEMICONDUCTOR MEMORY CELL, METHOD 
FOR FABRICATING THE MEMORY CELL, AND 

SEMICONDUCTOR MEMORY DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The invention relates to a semiconductor memory 
cell a semiconductor memory device, and a method for 
fabricating a semiconductor memory cell. 

[0003] In further developing semiconductor memory 
devices that are based on non-volatile memory mechanisms, 
the principles of the so-called non-volatile ?oating gate 
memory cell and of the charge trapping cell have also been 
developed. Such semiconductor memory cells for storing 
non-volatile information have a memory gate con?guration, 
a source/drain con?guration, and a control gate con?gura 
tion. The memory gate con?guration serves for storing the 
actual information, While the source/drain con?guration is 
designed for accessing the memory gate con?guration and 
thus for accessing the respective information. The control 
gate con?guration is designed for controlling this access to 
the memory gate con?guration and to the information. What 
is disadvantageous about knoWn semiconductor memory 
devices is that from a structural and production engineering 
standpoint, the fundamental concept on Which the memory 
cells contained in the memory devices and the correspond 
ing fabrication methods for producing semiconductor 
memory devices or memory cells is based on providing a 
single binary information unit in each individual memory 
cell. Each memory cell and thus each memory location are 
thus occupied only singularly With information and is 
designed accordingly. 

SUMMARY OF THE INVENTION 

[0004] It is accordingly an object of the invention to 
provide a semiconductor memory cell, a method for fabri 
cating the memory cell, and a semiconductor memory 
device that overcome the above-mentioned disadvantages of 
the prior art apparatus and methods of this general type. 

[0005] In particular, it is an object of the invention to 
provide a semiconductor memory cell, a method for fabri 
cating the memory cell, and a semiconductor memory 
device, that in a particularly simple manner, enable a par 
ticularly high information density to be obtained and enable 
the information to be modi?ed and retrieved in a particularly 
reliable manner. 

[0006] With the foregoing and other objects in vieW there 
is provided, in accordance With the invention, a semicon 
ductor memory cell for non-volatile information storage. 
The semiconductor memory cell includes: a memory gate 
con?guration designed for non-volatile information storage; 
a source/drain con?guration designed for accessing the 
memory gate con?guration; and a control gate con?guration 
designed for controlling access to the memory gate con?gu 
ration. The memory gate con?guration has a plurality of 
memory gate regions. Each of the plurality of the memory 
gate regions is designed for essentially independent infor 
mation storage such that a corresponding plurality of infor 
mation units can be stored independently of one another. 

[0007] The inventive semiconductor memory cell for non 
volatile information storage is characteriZed by providing 
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the memory gate con?guration With a plurality of memory 
gates, and by designing each of the memory gates for 
essentially independent information storage. As a result, a 
corresponding plurality of information units, in particular 
binary bits, can be stored independently in the memory cell. 
The terms memory gate and memory gate region are used 
synonymously hereinafter. 

[0008] Thus, in contrast to the prior art, the invention 
departs from the one-bit concept, and consequently, the 
inventive semiconductor memory cell is designed for storing 
a plurality of information units, in particular binary bits or 
the like. This is realiZed by virtue of the fact that, in contrast 
to the prior art semiconductor memory cell, the inventive 
memory gate con?guration is designed With a plurality of 
memory gates. In this case, it is provided that each of the 
memory gates is designed for separate and independent 
information storage independently of the other memory 
gates. Consequently, by Way of eXample, a respective bit can 
be Written and retrieved, in accordance With an impressed 
charge or potential state, in each of the memory gates. 

[0009] Each memory gate can also be designed for taking 
up more than tWo charge and/or potential states, so that the 
information density per semiconductor memory cell is 
increased further in that eg each memory gate is designed 
for storing more than one bit. 

[0010] It is particularly advantageous if the memory gate 
regions are designed such that they are, pairWise, spatially 
separate from one another and/or electrically insulated from 
one another. This is because, at locations that are spatially 
separate from one another, different information contents 
can then be read out, Written in, or in?uenced in some other 
Way, in a particularly simple manner, independently, in a 
manner isolated from one another. 

[0011] The structure of the inventive semiconductor gate 
memory cell is con?gured particularly simply if, in accor 
dance With a particularly preferred embodiment, the control 
gate con?guration has a common control gate and access to 
the memory gates and the information state contained 
therein can be jointly controlled by the one common control 
gate. The initial organiZational combination to a common 
control gate results in a particularly simple control of the 
access to the information that Will be stored in the memory 
gate. The initially organiZational and sequence-technical 
assignment of the memory gates to a common control gate 
Will advantageously also be represented in a structural or 
spatial assignment, in particular, in a particular spatial 
proximity of the assigned ?oating gates With respect to the 
control gate. 

[0012] A further simpli?cation of the inventive semicon 
ductor memory cell results if the source/drain con?guration 
has a plurality of source/drain regions, the number of 
source/drain regions of the source/drain con?guration cor 
responds to the number of memory gates or memory gate 
regions of the memory gate con?guration, and a respective 
memory gate or a respective memory gate region is assigned 
precisely one respective source/drain region in such a Way 
that all of the memory gates or memory gate regions can be 
accessed independently of one another. 

[0013] With regard to a particularly simple fabrication 
procedure and also With regard to a corresponding functional 
reliability, the geometrical and/or material properties of the 
memory gates are designed essential identically. 
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[0014] For the reliability of the inventive semiconductor 
memory cell, on the other hand, the memory gates are 
arranged and designed in a manner essentially electrically 
insulated from one another, from the control gate and from 
the source/drain regions. 

[0015] In accordance With another embodiment of the 
inventive semiconductor memory cell, the memory gate 
regions are designed as ?oating gate regions or ?oating 
gates, so that the semiconductor memory cell functions as a 
?oating gate memory cell. 

[0016] In this case, the memory gate regions are designed 
and arranged as ?oating gates in an essentially capacitively 
coupled manner in the memory cell. 

[0017] Furthermore, the memory gate regions are 
designed as ?oating gates made of a polysilicon material, 
polycide, metal and/or the like. 

[0018] In another embodiment of the inventive semicon 
ductor memory cell, the memory gate regions are designed 
as charge trapping regions, charge trapping layers, charge 
trapping gate regions or charge trapping gates, so that the 
inventive semiconductor memory cell functions as a charge 
trapping memory cell. 

[0019] In this case, the charge trapping gates are com 
posed of a material or have such a material in Which charge 
trapping states can be formed. In particular, the material is 
an insulator Which has or Which can form a suf?cient number 

of defects Which, for their part, can be occupied by electrons 
and/or by holes or the like. 

[0020] Moreover, it is provided that the charge trapping 
gates are composed of silicon nitride, ZrO2, A1203, Ta2O5, 
HfO2 and/or the like or have such a material. In this case, it 
is possible in addition to provide an insulation layer toWard 
the control gate, toWard the source/drain and/or channel 
region, given the use of nitride, eg in the form of an ONO 
structure, NO structure. 

[0021] In another embodiment of the inventive semicon 
ductor memory cell, each memory gate region or each 
memory gate can assume a plurality of charge and/or poten 
tial states, in particular tWo, Which correspond to informa 
tion states assigned to the memory gate regions or memory 
gates. 

[0022] It is further preferred that the control gate is 
arranged and designed in a manner essentially electrically 
insulated from the memory gates and from the source/drain 
regions. 

[0023] In accordance With another embodiment of the 
inventive semiconductor memory cell, the control gate is 
composed of a polysilicon material, polycide, metal and/or 
the like. 

[0024] In order to realiZe the assignment betWeen the 
memory gates and With respect to the common control gate, 
in accordance With a preferred embodiment of the inventive 
semiconductor memory cell, the memory gates and the 
control gate are in each case designed in direct spatial 
proximity to one another. Respective intermediate insulation 
regions are provided, in particular, in each case an interme 
diate dielectric is provided betWeen the memory gates and 
the control gate. 
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[0025] The intermediate dielectric is also referred to, if 
appropriate, as an interpoly dielectric and may be e. g. an NO 
or ONO structure, i.e. a structure With a con?guration 
including nitride/oxide or oXide/nitride/oXide, respectively. 
HoWever, pure silicon dioXide is also possible. 

[0026] It is furthermore preferred that each memory gate 
is designed and arranged in direct spatial proximity to a 
respectively assigned source/drain region. As a result, in 
particular, a spatial or areal overlap is formed betWeen the 
memory gates and the source/drain regions. 
[0027] In accordance With another embodiment of the 
inventive semiconductor memory cell, an insulation region, 
in particular in the form of a silicon-dioxide material, is 
provided betWeen the respective memory gate and the 
source/drain regions. 
[0028] With the foregoing and other objects in vieW there 
is provided, in accordance With the invention, an inventive 
semiconductor memory device having a plurality of the 
inventive memory cells for non-volatile information storage. 

[0029] In a particularly preferred embodiment, adjacent 
memory cells use at least some of the control gates as 
common control gates. 

[0030] The inventive method for fabricating a semicon 
ductor memory cell for non-volatile information storage is 
presented beloW. Afabrication method of the generic type is 
used as a basis in this case. In the case of this method of the 
generic type, a memory gate con?guration, a source/drain 
con?guration and a control gate con?guration are provided. 
The memory gate con?guration is designed for the actual 
information storage. The source/drain con?guration is 
designed for access to the memory gate con?guration. The 
control gate con?guration is designed for controlling the 
access to the memory gate con?guration and to the infor 
mation contained therein. 

[0031] The inventive method for fabricating a semicon 
ductor memory cell is characteriZed in that the memory gate 
con?guration is designed With a plurality of memory gates 
or memory gate regions, in that each of the memory gates is 
designed for essentially independent information storage, 
and in that, as a result, a corresponding plurality of infor 
mation units, in particular binary bits or the like, can be 
stored independently of one another in the memory cell. 

[0032] Preferably, the memory gate regions or memory 
gates are designed such that they are, pairWise, spatially 
separate from one another and/or electrically insulated from 
one another. 

[0033] In a particularly preferred embodiment of the fab 
rication method, the control gate con?guration has a com 
mon control gate, and access to the memory gates is jointly 
controllable by the common control gate. 

[0034] On the other hand, the source/drain con?guration is 
formed With a number of source/drain regions. The number 
of the source/drain regions formed corresponds to the plu 
rality of memory gate regions provided, and a respective 
memory gate region is assigned to precisely one respective 
source/drain region, so that, as a result, all of the memory 
gates or memory gate regions can be accessed independently 
of one another via the plurality of source/drain regions. 

[0035] In a particularly preferred embodiment of the fab 
rication method, in each case the memory gates are designed 
essentially identically With regard to their geometrical and/ 
or material properties. 
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[0036] In another embodiment of the method, the memory 
gate regions are designed as ?oating gate regions or ?oating 
gates, so that the semiconductor memory device functions as 
a ?oating gate memory cell. 

[0037] Furthermore, in this case the memory gate regions 
are designed and arranged as ?oating gates in an essentially 
capacitively coupled manner in the inventive semiconductor 
memory cell. 

[0038] Furthermore, it is advantageous in this case if the 
memory gate regions are designed as ?oating gates made of 
a polysilicon material, polycide, metal and/or the like. 

[0039] On the other hand, in accordance With another 
advantageous embodiment of the method, the memory gate 
regions can be designed as charge trapping gate regions or 
charge trapping gates, so that the inventive semiconductor 
memory cell functions as a charge trapping memory cell. 

[0040] In this case, it is then advantageous if the charge 
trapping gates are composed of a material or have such a 
material in Which charge trapping states can be formed, in 
particular an insulator Which has or can form a suf?cient 
number of defects Which can be occupied by electrons 
and/or by holes. 

[0041] In this case, it is furthermore advantageous if the 
charge trapping gates are formed With silicon nitride, eg 
with an ONO structure, NO structure, including ZrO2, 
A1203, Ta2O5, HfO2 and/or the like. 

[0042] In a further advantageous embodiment of the 
method, the memory gate regions or memory gates are 
designed in such a Way that each of the memory gate regions 
can assume a plurality of charge and/or potential states, in 
particular tWo, Which correspond to information states 
assigned to the memory gate regions. 

[0043] It is furthermore preferred that the memory gates 
and/or the control gate are arranged and designed in a 
manner essentially electrically insulated from one another, 
from the control gate and/or from the memory gates and 
from the source/drain regions. 

[0044] The control gate is preferably formed from a poly 
silicon material, polycide, metal and/or the like. It is advan 
tageous to design the control gate in each case With loW 
impedance. By contrast, the memory gates can also have 
high impedance. 

[0045] In order to realiZe the assignment betWeen the 
respective ?oating gates and the control gate, the memory 
gates and the control gate are formed in direct spatial 
proximity to one another, and in this case, in particular, an 
intermediate .insulation region is provided in each case, in 
particular an intermediate dielectric. 

[0046] Preferably, each memory gate is designed or 
arranged in direct spatial proximity to the ?rst source/drain 
region. As a result, in particular, a spatial or areal overlap is 
formed betWeen the memory gates and the source/drain 
regions. Preferably, an insulation region, in particular in the 
form of a silicon dioxide material, is furthermore formed 
betWeen the respective memory gates and the respective 
source/drain region. 

[0047] The previous characteriZing features of the fabri 
cation method represent, in part the structural features of the 
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inventive semiconductor memory cell that Will be formed. 
HoWever, different con?gurations are furthermore conceiv 
able during the fabrication. 

[0048] In a particularly advantageous embodiment of the 
inventive fabrication method, it is provided that ?rst a 
conventional MOSFET is formed, in particular using self 
aligning or self-aligned polysilicon gate technology. In this 
case, the original gate of the conventional MOSFET is then 
subsequently removed to create a recess in an insulation 

region embedding the original gate. AfterWard, in the recess 
the memory gate con?guration With the plurality of memory 
gate regions or memory gates is then formed, and is embed 
ded in an insulated manner and provided With a control gate 
con?guration. 

[0049] In a further advantageous embodiment of the 
method, it is provided that, for that purpose, ?rst the original 
gate of the conventional MOSFET is embedded in an 
insulation region, preferably made of SiO2, and then a 
planariZation step With a stop on the level of the surface 
region of the original gate of the conventional MOSFET 
subsequently takes place. 

[0050] For more concrete implementation of the method, 
it is advantageously provided that the original gate of the 
conventional MOSFET is removed, to be precise preferably 
by masked etching back. In this case, in particular, a recess 
is formed in the insulation region, preferably in a region 
above and betWeen the source/drain regions of the original 
MOSFET. 

[0051] Then, a spacer layer is optionally deposited con 
formally in such a Way that the recess is ?lled—silicon 
nitride, an NO structure and/or the like being used. 

[0052] In a further-preferred embodiment of the fabrica 
tion method, at least one material layer for the memory gates 
or memory gate regions of the memory gate con?guration is 
deposited conformally in-such a Way that the recess is lined, 
in particular in edge regions thereof. 

[0053] Furthermore, it is advantageous if for forming 
?oating gates, an electrically conductive material is used for 
the material layer of the memory gates or memory gate 
regions. On the other hand, in an advantageous manner, for 
forming charge trapping gates or charge trapping gate 
regions, an electrically insulating material is used for the 
material layer of the memory gates or memory gate regions, 
to be precise a material Which, in particular, has a high 
density of so-called traps or can form such traps. 

[0054] In a further preferred embodiment of the fabrica 
tion method, it is provided that in order to form the memory 
gates, the material region for the memory gates is patterned 
by anisotropic etching back, and that in this case, in par 
ticular, the memory gates remain as spatially separate parts 
of the material layer for the memory gates in the edge region 
of the recess. 

[0055] When an electrically conductive ?oating gate is 
used, a masked etching is provided for isolating-the initially 
contiguous ?oating gate regions. 

[0056] Furthermore, it is advantageous if at least one 
insulation layer is then deposited, in particular conformally, 
such that the memory gate regions or memory gates are 
embedded by the insulation layer. 
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[0057] Afterward, a material layer for the control gate 
con?guration is then advantageously deposited and pat 
terned, in particular, the recess in the insulation region is 
?lled. 

[0058] The above-described and further aspects of the 
present invention are also explained on the basis of the 
remarks beloW: 

[0059] In ?ash or EEPROM memory cells, it is usually 
possible to store a plurality of bits per cell by storing 
different charge states. Recent developments also utiliZe 
cells in Which a respective bit is stored at spatially separate 
locations. A neW method for fabricating an EEPROM or 
?ash cell, in Which tWo bits are stored at locations that are 
spatially separate from one another, is presented in the 
context of this explanation of the invention. 

[0060] Storing tWo bits in one ?ash cell has been realiZed 
heretofore either by using a continuous Si3N4 layer (NROM 
concept) or by storing a plurality of charge states in one cell. 
In production, ?oating gate cells have heretofore exclusively 
stored a plurality of charge states in a ?oating gate for 
storing a plurality of bits in one cell. It is also knoWn to form 
a ?oating gate memory cell for storing tWo bits at different 
locations of the memory cell. 

[0061] The inventive fabrication of spacers makes it pos 
sible to form tWo bits at different locations of a ?oating gate 
or charge trapping memory cell. In contrast to the knoWn 
cells in Which charge is stored either in a continuous layer 
through localiZed introduction of charge carriers in traps or 
in ?oating gate spacer regions lying next to the control gate, 
here spacers are provided beloW the control gate. This is 
achieved by after fabricating a conventional n-channel MOS 
transistor, removing the polysilicon gate and then fabricating 
?oating gate or charge trapping spacers, and after the 
applying an insulation dielectric, applying the control gate. 

[0062] Advantages appertaining to the realiZation With a 
?oating gate reside in the better coupling of the control gate 
to the ?oating gate regions in comparison With the knoWn 
method. 

[0063] The advantage appertaining to the charge trapping 
embodiment resides in the structure of the charge trapping 
layer. Programming of regions that are far aWay from the 
locations to be programmed is thus not possible, and this 
alloWs one to expect that an improved cycle stability Will be 
obtained. 

[0064] One inventive idea lies in ?rst fabricating a con 
ventional n-channel transistor (if appropriate With additional 
implantation steps) and then removing the gate. This enables 
the active memory regions to be fabricated in a structured 
manner in the region of the transistor. 

[0065] The inventive semiconductor memory cell is also 
called a replacement gate memory cell or an exchange gate 
memory cell. This cell includes a source region and a drain 
region, tWo memory regions and also a control gate. This 
memory cell is suitable for being incorporated into a virtual 
ground NOR array, but the cell can be used—With a slight 
modi?cation in—any NOR-like array architecture. 2-Bit 
replacement gate memory cell architectures: 

[0066] In principle, the memory cell can be integrated into 
all knoWn NOR-like architectures. Preference is given to the 
virtual ground NOR architecture (as in the case of the 
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NROM) since this is particularly space-saving. In this archi 
tecture, the diffusion tracks are used as bit lines. The latter 
may, if appropriate, be short-circuited by metal intercon 
nects in an upper plane in order to reduce the resistance. In 
this case, contacts have to be present only for every n-th cell 
(n>=1). A NOR architecture With metal bit lines is also 
possible as an alternative, but a source line must then be 
available for each bit line in order to utiliZe the 2-bit 
capability of the cell. 

[0067] Charge can be stored in each of the tWo memory 
layer regions. The charge can be introduced either by: 

[0068] the injection of hot electrons (preferred 
method as in the case of NROM) or by 

[0069] tunneling from the respective adjoining drain 
or source region into the memory layer. 

[0070] The last-mentioned method cannot, hoWever, be 
realiZed in conjunction With a virtual ground architecture 
(preferred embodiment) since then tWo bits Would be pro 
grammed in parallel in each case. 

[0071] The charge can be removed from the memory layer 
either by: 

[0072] the injection of hot holes (preferred method as 
in the case of NROM) or by 

[0073] 
[0074] During reading, the end of the memory cell that is 
to be read forms the source, since the threshold voltage of 
the cell reacts very much more greatly to a charge in the 
vicinity of the source given suf?ciently high drain voltage. 

tunneling to the channel region. 

[0075] For fabricating a 2-bit replacement gate memory 
cell the folloWing sequences are conceivable: 

[0076] Fabricating a conventional NMOS transistor 
using self-aligning poly-gate technology (prior art); 
the source and drain implantations and also the Well 
doping Were adapted to the requirements, if appro 
priate, by using additional implantation masks. 

[0077] An insulation oxide is subsequently depos 
ited. 

[0078] The planariZation of the insulation oxide With 
a stop on the polysilicon gate. 

[0079] Masked etching-back of the polysilicon; the 
polysilicon remains in the case of the CMOS tran 
sistors in the periphery. Optionally, the gate oxide 
can also be etched and then a neW tunnel oxide can 

be groWn. 

[0080] Optionally, ?rst a spacer made of silicon 
nitride or a nitride/oxide double layer can also be 
introduced (fabrication-analogous to the next tWo 
steps, Which can later be used for fabricating self 
aligned contacts). If appropriate, this necessitates the 
adaptation of the doping by using an additional heat 
treatment. 

[0081] The deposition of the memory layer. TWo 
embodiments are conceivable here: 

[0082] 1. The deposition of a conductive layer. Poly 
silicon is used in the preferred embodiment of this 
variant of the invention, 
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[0083] or 

[0084] 2. The deposition of an insulating layer With a 
high density of traps. Silicon nitride is used in the 
preferred embodiment of this variant. 

[0085] Anisotropic etching back and masked isotro 
pic etching of the memory layer. The masked etching 
serves for isolating the memory regions of different 
cells, for removing the memory material from the 
transistors in the periphery, and in the case of ?oating 
gates, for isolating the tWo memory gates of a cell. 

[0086] The deposition of a thin insulation oxide. This 
may also involve a multilayer including a plurality of 
dielectrics (preferably ONO) Which can also be 
fabricated from a combination of deposition and 
thermal oxidation. 

[0087] ONO is preferably used in the variant of the 
invention With a polysilicon memory layer, and silicon 
dioxide is preferably used in the variant With a silicon nitride 
memory layer. 

[0088] The masked removal of the insulation dielec 
tric in the periphery (not illustrated). 

[0089] The deposition of the gate layer (polysilicon, 
polycide, metal or a layer sequence including poly 
silicon and silicide or metal). 

[0090] In the periphery, this layer or layer sequence can be 
used together With the poysilicon that is initially present as 
a gate electrode. As an alternative, the layer in the periphery 
can also be removed. 

[0091] Patterning the polysilicon. 

[0092] In the preferred embodiment (virtual ground archi 
tecture), the polysilicon is patterned in tracks running par 
allel to the plane of-the draWing. Patterning in tracks per 
pendicular to the plane of the draWing is also possible in 
other architectures. This can be effected particularly advan 
tageously by CMP (Chemical Mechanical Polishing) pol 
ishing of the gate material With a stop on the insulation oxide 
(illustrated case). In the last-mentioned case, the optional 
nitride spacer betWeen steps 3 and 4 may enable the fabri 
cation of self-aligned contacts. The last-mentioned variant 
of CMP planariZation is also suitable, in particular, for 
integrating a metal control gate electrode. 

[0093] Other features Which are considered as character 
istic for the invention are set forth in the appended claims. 

[0094] Although the invention is illustrated and described 
herein as embodied in a semiconductor memory cell, 
method for fabricating it and semiconductor memory device, 
it is nevertheless not intended to be limited to the details 
shoWn, since various modi?cations and structural changes 
may be made therein Without departing from the spirit of the 
invention and Within the scope and range of equivalents of 
the claims. 

[0095] The construction and method of operation of the 
invention, hoWever, together With additional objects and 
advantages thereof Will be best understood from the folloW 
ing description of speci?c embodiments When read in con 
nection With the accompanying draWings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0096] FIGS. 1-8 are diagrammatic lateral cross-sectional 
vieWs of intermediate states of a semiconductor memory cell 
that are reached in an exemplary embodiment of an inven 
tive fabrication method. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0097] In the ?gures described beloW, identical reference 
symbols alWays designate identical elements, and therefore, 
a detailed description is not given for every occurrence. 

[0098] FIG. 1 shoWs a diagrammatic and lateral cross 
sectional vieW of the starting point for performing an 
embodiment of the inventive method for fabricating an 
inventive semiconductor memory cell. This starting point 
consists essentially of fabricating a standard MOSFET in a 
semiconductor substrate 20 or the like. First and second 
source/drain regions SD1 and SD2 are formed in the semi 
conductor substrate 20, and in particular, in the surface 
region 20a thereof. An intermediate region 22 is provided in 
the semiconductor substrate betWeen the source/drain 
regions SD1 and SD2. This intermediate region 22 functions 
as channel region K. A so-called gate oxide GOX is formed 
on the surface region 22a of the semiconductor substrate 20. 
This gate oxide GOX terminates to directly touch the free 
surface region 20a of the semiconductor substrate 20 and 
also the source/drain regions SD1 and SD2 that are embed 
ded there and that terminate at the surface 22a. On the side 
of the gate oxide GOX that is remote from the intermediate 
region 22 or the channel region K, the so-called gate or 
original gate U of the original MOSFET M is formed, Which, 
for its part, is embedded in an insulation layer or an 
insulation region I. This starting state is illustrated in FIG. 
1. 

[0099] In the transition to the intermediate state shoWn in 
the lateral cross-sectional vieW of FIG. 2, the insulation 
layer I embedding the original gate U is then planariZed to 
the level of the surface region Ua of the original gate U, so 
that the insulation layer or the insulation region I (oxide, for 
example) terminates ?ush With the level of the surface 
region Ua of the original polysilicon gate U. 

[0100] In the transition to the intermediate state shoWn in 
FIG. 3, the original gate U (a polysilicon gate) is then 
selectively removed, thereby forming a recess A in the 
insulation region I. This recess A has side Wall regions or 
edge regions Ab and also a bottom region Aa. 

[0101] In the transition to the intermediate state shoWn in 
FIG. 4, a material layer 100 for producing the memory gate 
regions F1 and F2 (See FIG. 5) of the memory gate 
con?guration F that Will be formed is deposited in a con 
formal manner in such a Way that at least the Wall regions or 
edge regions Ab of the recess A in the insulation region I are 
covered. In this case, conductive materials, in particular 
polysilicon, polycide, metal or the like, are used for forming 
?oating gates. When forming so-called charge trapping gate 
regions, by contrast, use is made essentially of an electri 
cally insulating material that has a high density of defects or 
that can form such defects, Which are then occupied by 
electrons or by holes or the like. In this case, silicon nitride 
or the like is preferred. 

[0102] In the transition to the intermediate state shoWn in 
FIG. 5, the essentially contiguous region of the material 
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region 100 for the memory gate regions F1 and F2 is then 
etched back anisotropically in order to form separate 
memory gate regions F1 and F2 in a form spatially separate 
from one another and essentially electrically insulated from 
one another. These memory gate regions F1 and F2, as an 
ensemble, form the memory gate con?guration F of the 
inventive semiconductor memory cell 10. As is clearly 
revealed in FIG. 5, the memory gate regions F1 and F2 
formed are spatially separated from one another by an 
intermediate region and are each situated at the junction 
betWeen an edge region Ab and the bottom region Aa of the 
recess’ A that Was formerly occupied by the original gate U 
of the conventional MOSFET M. 

[0103] When using ?oating gates, it is additionally nec 
essary to carry out a masked etching in order to isolate the 
?oating gate regions in the planes parallel to the plane of the 
draWing. 
[0104] This etching can be obviated in the case of charge 
trapping layers. 
[0105] It is then optionally possible (not illustrated) to 
deposit an insulation region, preferably made of silicon 
dioXide, in the region betWeen the memory regions either by 
thermal oxidation or by deposition and subsequent etching 
back to the level of the memory regions. This insulation 
region serves for preventing a charge exchange betWeen 
channel and control gate during FoWler-Nordheim program 
ming. 
[0106] AfterWard, as is illustrated in FIG. 6, a material 
layer 110 for a further insulation region is then formed. This 
insulation region 110 serves for electrically insulating the 
memory gate regions F1 and F2 from one another and for 
electrically insulating the memory gate regions F1 and F2 
from the control gate G that Will be formed later. FIG. 6 also 
reveals that part of the recess A of the original insulation 
region I still remains free after forming the memory gate 
regions F1 and F2 and after the essentially conformal 
deposition of the further insulation region 110. 
[0107] In the transition to the intermediate state shoWn in 
FIG. 7, this remaining recess A in the insulation region I is 
then ?lled With a material layer 120 for the control gate G 
that Will be formed. The material layer 120 is then patterned, 
in the transition to the intermediate state shoWn in FIG. 8, 
by removing the material layer 120 for the control gate G 
and stopping on the surface level 110A of the further 
insulation region 110. As an alternative, etching back or 
masked etching is also conceivable, during Which the 
remaining control gate regions are formed With Wiring in the 
same step. FIG. 8 also shoWs that the recess A for the 
original gate U of the conventional MOSFET M is noW ?lled 
by the memory gate regions F1 and F2, a corresponding 
insulation region 110 and the control gate G. Consequently, 
the original gate U has been replaced by a spatially separate 
plurality of memory gate regions F1 and F2 and the control 
gate G—a circumstance Which, With regard to the inventive 
memory cell 10, also leads to the term replacement gate 
memory cell or eXchange gate memory cell. 

I claim: 
1. A semiconductor memory cell for non-volatile infor 

mation storage, comprising: 
a memory gate con?guration designed for non-volatile 

information storage; 
a source/drain con?guration designed for accessing said 
memory gate con?guration; and 
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a control gate con?guration designed for controlling 
access to said memory gate con?guration; 

said memory gate con?guration having a plurality of 
memory gate regions; and 

each of said plurality of said memory gate regions being 
designed for essentially independent information stor 
age such that a corresponding plurality of information 
units can be stored independently of one another. 

2. The semiconductor memory cell according to claim 1, 
Wherein the plurality of the information units are binary bits. 

3. The semiconductor memory cell according to claim 1, 
Wherein said plurality of said memory gate regions are 
pairWise, spatially separate from one another. 

4. The semiconductor memory cell according to claim 3, 
Wherein said plurality of said memory gate regions are 
electrically insulated from one another. 

5. The semiconductor memory cell according to claim 1, 
Wherein said plurality of said memory-gate regions are 
electrically insulated from one another. 

6. The semiconductor memory cell according to claim 1, 
Wherein: 

said control gate con?guration has a common control 
gate; and 

access to said plurality of said memory gate regions is 
jointly controllable by said common control gate. 

7. The semiconductor memory cell according to claim 1, 
Wherein: 

said source/drain con?guration includes a plurality of 
source/drain regions present in a number corresponding 
to a number of said plurality of said memory gate 
regions; and 

a respective one of said plurality of said source/drain 
regions is assigned to a respective one of said plurality 
of said memory gate regions such that said respective 
one of said plurality of said memory gate regions can 
be accessed using said control gate con?guration and 
said respective one of said plurality of said source/drain 
regions. 

8. The semiconductor memory cell according to claim 1, 
Wherein said plurality of said memory gate regions have 
essentially identical geometrical properties. 

9. The semiconductor memory cell according to claim 8, 
Wherein said plurality of said memory gate regions have 
essentially identical material properties. 

10. The semiconductor memory cell according to claim 1, 
Wherein said plurality of said memory gate regions have 
essentially identical material properties. 

11. The semiconductor memory cell according to claim 1, 
Wherein: 

said control gate con?guration has a control gate and said 
source/drain con?guration has a plurality of source/ 
drain regions; and 

said plurality of said memory gate regions are con?gured 
and designed to be essentially electrically insulated 
from one another, from said control gate and from said 
plurality of said source/drain regions. 

12. The semiconductor memory cell according to claim 1, 
Wherein said plurality of said memory gate regions are 
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designed as ?oating gate regions so that the semiconductor 
memory cell functions as a ?oating gate memory cell. 

13. The semiconductor memory cell according to claim 1, 
Wherein said plurality of said memory gate regions are 
designed and con?gured as essentially capacitively coupled 
?oating gates. 

14. The semiconductor memory cell according to claim 
13, Wherein said ?oating gates are made of a material 
selected from a group consisting of a polysilicon material, a 
polycide, and a metal. 

15. The semiconductor memory cell according to claim 1, 
Wherein said plurality of said memory gate regions are 
?oating gates made of a material selected from a group 
consisting of a polysilicon material, a polycide, and a metal. 

16. The semiconductor memory cell according to claim 1, 
Wherein: said plurality of said memory gate regions are 
designed as charge trapping gates so that the semiconductor 
memory cell functions as a charge trapping memory cell. 

17. The semiconductor memory cell according to claim 
16, Wherein said charge trapping gates include a material in 
Which charge trapping states can be formed. 

18. The semiconductor memory cell according to claim 
17, Wherein said material of said charge trapping gates is an 
insulator having a suf?cient number of defects capable of 
being occupied by electrons and/or holes. 

19. The semiconductor memory cell according to claim 
17, Wherein: said material of said charge trapping gates is an 
insulator in Which a suf?cient number of defects can be 
formed; and said defects can be occupied by electrons and/or 
holes. 

20. The semiconductor memory cell according to claim 
17, comprising: 

a channel region; and 

an insulation region made of silicon dioXide; 

said source/drain con?guration having a plurality of 
source/drain regions; 

said control gate con?guration having a control gate; 

said insulating region con?gured for insulating said 
charge trapping gates from said control gate, said 
plurality of said source/drain regions and said channel 
region; 

said charge trapping gates being composed of silicon 
nitride; 

said charge trapping gates having a structure selected 
from a group consisting of an ONO structure and an 

NO structure; and 

said charge trapping gates including a material selected 
from a group consisting of ZrO2, A1203, Ta2O5, HfO2. 

21. The semiconductor memory cell according to claim 1, 
Wherein each one of said plurality of said memory gate 
regions can assume a plurality of charge or potential states 
corresponding to information states assigned to said plural 
ity of said memory gate regions. 

22. The semiconductor memory cell according to claim 1, 
Wherein: 

said source/drain con?guration includes a plurality of 
source/drain regions; 

said control gate con?guration includes a control gate 
con?gured and designed to be essentially electrically 
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insulated from said plurality of said memory gate 
regions and from said plurality of said source/drain 
regions. 

23. The semiconductor memory cell according to claim 1, 
Wherein said control gate con?guration includes a control 
gate composed of a material selected from a group consist 
ing of a polysilicon material, a polycide, and a metal. 

24. The semiconductor memory cell according to claim 1, 
comprising: 

an intermediate insulation region; 

said control gate con?guration including a control gate; 

said plurality of said memory gate regions being pairWise, 
spatially separate from one another; 

said plurality of said memory gate regions and said 
control gate being con?gured in direct spatial proximity 
to one another; and 

said intermediate insulation region located betWeen said 
control gate and said plurality of said memory gate 
regions. 

25. The semiconductor memory cell according to claim 
24, Wherein said intermediate insulation region is an inter 
mediate dielectric. 

26. The semiconductor memory cell according to claim 1, 
comprising: 

an insulation region; 

said source/drain con?guration including a plurality of 
source/drain regions; 

each one of said plurality of said memory gate regions 
being designed and con?gured in direct spatial proX 
imity to a respective one of said plurality of said 
source/drain regions such that a spatial overlap is 
formed betWeen said one plurality of said memory gate 
regions and said respective one of said plurality of said 
source/drain regions; and 

said insulation region provided betWeen said one plurality 
of said memory gate regions and said respective one of 
said plurality of said source/drain regions. 

27. The semiconductor memory cell according to claim 
26, Wherein said insulation region is formed from a silicon 
dioxide material. 

28. The semiconductor memory cell according to claim 1, 
comprising: 

an insulation region formed With a recess; 

said plurality of said memory gate regions designed as 
spacer, elements embedded in said recess of said insu 
lation region. 

29. The semiconductor memory cell according to claim 1, 
Wherein said plurality of said memory gate regions are 
designed as eXchange elements for at least a part of an 
original gate of a conventional MOSFET. 

30. The semiconductor memory cell according to claim 
29, comprising: 

an additional insulator, said plurality of said memory gate 
regions de?ning a level; and 

an intermediate region located betWeen said plurality of 
said memory gate regions being ?lled With said addi 
tional insulator to at most the level of said plurality of 
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said memory gate regions to form an insulator thick 
ness greater than a thickness of an original gate oxide 
or tunnel oxide. 

31. A semiconductor memory device, comprising: 

a plurality of memory cells designed for non-volatile 
information storage; 

each one of said plurality of said memory cells including: 

a memory gate con?guration designed for non-volatile 
information storage; 

a source/drain con?guration designed for accessing 
said memory gate con?guration; and 

a control gate con?guration designed for controlling 
access to said memory gate con?guration; 

said memory gate con?guration having a plurality of 
memory gate regions; and 

each of said plurality of said memory gate regions 
being designed for essentially independent informa 
tion storage such that a corresponding plurality of 
information units can be stored independently of one 
another. 

32. The semiconductor memory device according to claim 
31, Wherein: 

said control gate con?guration of each one of said plu 
rality of said memory cells includes a control gate; and 

said control gate of adjacent ones of at least some of said 
plurality of said memory cells are designed as a com 
mon control gate. 

33. A method for fabricating a semiconductor memory 
cell for non-volatile information storage, the method Which 
comprises: 

providing a memory gate con?guration having a plurality 
of memory gate regions in Which each one of the 
plurality of the memory gate regions is designed for 
essentially independently storing information such that 
a corresponding plurality of information units can be 
stored independently of one another; 

providing a source/drain con?guration designed for 
accessing the memory gate con?guration; and 

providing a control gate con?guration for controlling 
access to the memory gate con?guration. 

34. The method according to claim 33, Wherein the 
information units are binary bits. 

35. The method according to claim 33, Which comprises 
designing the plurality of the memory gate regions to be 
pairWise, spatially separate from one another. 

36. The method according to claim 33, Which comprises 
designing the plurality of the memory gate regions to be 
electrically insulated from one another. 

37. The method according to claim 33, Which comprises 
providing the control gate con?guration With a common 
control gate for jointly controlling access to the plurality of 
the memory gate regions. 

38. The method according to claim 33, Which comprises: 

providing the source/drain con?guration With a plurality 
of source/drain regions present in a number corre 
sponding to a number of the plurality of the memory 
gate regions; and 
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assigning each one of the plurality of the source/drain 
regions to a respective one of the plurality of the 
memory gate regions such that the one of the plurality 
of the memory gate regions can be accessed using the 
control gate con?guration and the one of the plurality 
of the source/drain regions. 

39. The method according to claim 33, Which comprises 
designing the plurality of the memory gate regions to have 
essentially identical geometrical properties. 

40. The method according to claim 33, Which comprises 
designing the plurality of the memory gate regions to have 
essentially identical material properties. 

41. The method according to claim 33, Which comprises 

providing the control gate con?guration With a control 
gate and providing the source/drain con?guration With 
a plurality of source/drain regions; and 

con?guring and designing the plurality of the memory 
gate regions to be essentially electrically insulated from 
one another, from the control gate and from the plu 
rality of the source/drain regions. 

42. The method according to claim 33, Which comprises 
designing the plurality of the memory gate regions as 
?oating gate regions or ?oating gates so that the semicon 
ductor memory cell functions as a ?oating gate memory cell. 

43. The method according to claim 42, Which comprises 
designing and con?guring the plurality of the memory gate 
regions as ?oating gates being essentially capacitively 
coupled. 

44. The method according to claim 33, Which comprises 
designing the plurality of the memory gate regions as 
?oating gates made of a material selected from a group 
consisting of a polysilicon material, a polycide, and a metal. 

45. The method according to claim 33, Which comprises 
designing the plurality of the memory gate regions as charge 
trapping gate regions or charge trapping gates so that the 
semiconductor memory cell functions as a charge trapping 
memory cell. 

46. The method according to claim 45, Which comprises: 
designing the plurality of the memory gate regions as charge 
trapping gates formed With silicon nitride; 

providing the plurality of the memory gate regions With 
an ONO structure or an NO structure; 

providing the plurality of the memory gate regions With a 
material selected from a group consisting of ZrO2, 
A1203, Ta2O5, and HfO2; and 

providing an insulation region betWeen the charge trap 
ping gates and a control gate of the control gate 
con?guration. 

47. The method according to claim 46, Which comprises 
also providing the insulation region betWeen the charge 
trapping gates and source/drain regions of the source/drain 
con?guration and betWeen the charge trapping gates and a 
channel region. 

48. The method according to claim 33, Which comprises: 
designing the plurality of the memory gate regions as charge 
trapping gates so that the semiconductor memory cell func 
tions as a charge trapping memory cell; and 

forming the charge trapping gates using a material in 
Which charge trapping states can be formed. 

49. The method according to claim 48, Which comprises: 
providing the material of the charge trapping gates as an 
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insulator that has or that can form a sufficient number of 
defects that can be occupied by electrons and/or holes. 

50. The method according to claim 33, Which comprises 
designing the plurality of the memory gate regions such that 
a plurality of charge and/or potential states can be assumed 
Which correspond to information states assigned to the 
plurality of the memory gate regions. 

51. The method according to claim 50, Wherein the 
plurality of the charge and/or potential states is exactly tWo 
states. 

52. The method according to claim 33, Which comprises 
providing the control gate con?guration With a control gate 
that is electrically insulated from the plurality of the memory 
gate regions and from source/drain regions of the source/ 
drain con?guration. 

53. The method according to claim 33, Which comprises 
providing the control gate con?guration With a control gate 
formed from a material selected from a group consisting of 
a polysilicon material, a polycide, and a metal. 

54. The method according to claim 33, Which comprises: 

providing the control gate con?guration With a control 
gate; 

con?guring the plurality of the memory gate regions and 
the control gate in direct spatial proximity to one 
another; and 

providing an intermediate insulation region betWeen the 
control gate and the plurality of the memory gate 
regions. 

55. The method according to claim 54, Which comprises 
providing the intermediate insulation region as an interme 
diate dielectric. 

56. The method according to claim 33, Which comprises: 

con?guring each one of said plurality of said memory gate 
regions in direct spatial proximity to an assigned 
source/drain region such that a spatial overlap is 
formed betWeen the one of said plurality of said 
memory gate regions and the assigned source/drain 
region; and 

providing an insulation region betWeen one of said plu 
rality of said memory gate regions and the assigned 
source/drain region. 

57. The method according to claim 56, Which comprises 
forming the insulation region from silicon dioxide. 

58. The method according to claim 33, Which comprises 
designing the plurality of the memory gate regions as spacer 
elements embedded in a recess of an insulation region. 

59. The method according to claim 33, Which comprises 
designing the plurality of the memory gate regions to replace 
at least a part of an original gate of a conventional MOSFET. 

60. The method according to claim 33, Which comprises: 

?rst, using self-aligning polysilicon technology to form a 
conventional MOSFET having an original gate embed 
ded in an insulation region; 

second, removing the original gate of the MOSFET to 
create a recess in the insulation region embedding the 
original gate; and 
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third, forming the plurality of the memory gate regions in 
the recess, embedding the plurality of the memory gate 
regions in an insulating manner, and providing the 
control gate con?guration. 

61. The method according to claim 33, Which comprises: 
?rst embedding an original gate of a conventional MOSFET 
in an insulation region, the original gate having a surface 
region de?ning a level; and second, performing a planariZa 
tion step and stopping on the level of the surface region of 
the original gate. 

62. The method according to claim 61, Which comprises 
providing the insulation region as SiO2. 

63. The method according to claim 61, Which comprises 
using a masked etching to remove the original gate of the 
conventional MOSFET and to thereby form a recess in the 
insulation region in a region above and betWeen source/drain 
regions of the source/drain con?guration. 

64. The method according to claim 63, Which comprises 
conformally depositing a spacer layer such that the recess is 
lined. 

65. The method according to claim 64, Which comprises 
providing the spacer layer as silicon nitride, an ONO struc 
ture, or an NO structure. 

66. The method according to claim 63, Which comprises 
conformally depositing at least one material layer for pro 
ducing the plurality of the memory gate regions such that 
edge regions of the recess are lined. 

67. The method according to claim 66, Which comprises: 

in order to form ?oating gates, using an electrically 
conductive material for the material layer for producing 
the plurality of the memory gate regions; 

for forming charge trapping gates, using an electrically 
insulating material for the material layer for producing 
the plurality of the memory gate regions; and 

for the electrically insulating material, using a material 
that has or that can form a high density of traps. 

68. The method according to claim 66, Which comprises 
patterning the material layer by anisotropically etching the 
material layer such that the plurality of the memory gate 
regions remain as spatially separate parts of the material 
layer in edge regions of the recess. 

69. The method according to claim 68, Which comprises 
performing a thermal oxidation or a deposition and subse 
quently etching back to make an original gate insulator or an 
original gate oxide located betWeen the plurality of the 
memory gate regions thicker than a gate insulator or a gate 
oxide located beloW the plurality of the memory gate 
regions. 

70. The method according to claim 68, Which comprises 
conformally depositing at least one insulation layer to 
embed the plurality of the memory gate-regions in the 
insulation layer. 

71. The method according to claim 70, Which comprises 
depositing and patterning at least one material layer for the 
control gate con?guration such that the recess is ?lled. 

* * * * * 


