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(57) ABSTRACT

A method for storing data. The method includes providing an
addressable memory including a memory space, wherein the
memory space includes a plurality of memory cells. The
method includes configuring the addressable memory such
that a majority ofthe plurality of memory cells in the memory
space stores internal data values in a preferred bias condition
when a first external data state of one or more external data
states is written to the memory space, wherein the first exter-
nal data state is opposite the preferred bias condition.
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RETENTION OPTIMIZED MEMORY DEVICE
USING PREDICTIVE DATA INVERSION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional of U.S. patent appli-
cation Ser. No. 14/683,687, filed Apr. 10, 2015, which is a
continuation of U.S. patent application Ser. No. 13/868,884,
filed Apr. 23, 2013, which issued as U.S. Pat. No. 9,007,866
on Apr. 14, 2015, the disclosure of which is incorporated
herein by reference.

BACKGROUND

[0002] Semiconductor memory devices, such as dynamic
random access memories (DRAMs) are included in an array
of programmable memory cells for purposes of storing and
accessing data. The DRAM cell includes a field effect tran-
sistor (FET) and a storage capacitor. Information is stored on
the capacitor either in a charged state or discharged state. The
FET provides access to the capacitor during read and write
operations. Additionally, the DRAM cell periodically is
refreshed to retain the proper state, because of potential leak-
age in the capacitor.

[0003] The configuration of a DRAM memory array is
typically robust, and is capable of being accessed for read,
write, and refresh operations with very low error rates. How-
ever, a memory cell is susceptible to various types of errors
that may not be shown as a defect in the cell, but are due to
factors that influence the memory cell at one particular time.
As such, the state of a memory cell may be affected by noise,
soft error rates, leakage, and other factors that may result in
data loss.

[0004] For instance, non-defect related errors, including
soft errors, are due to electrical, magnetic, or other interfer-
ences affecting the memory cell. These errors may be due to
internal or external generation of noise and/or radiation. For
instance, these errors may be due to background radiation
generated from a material decay in a chip resulting in stray
alpha particles randomly hitting a memory cell, or cosmic
radiation (e.g., noise) due to very high energy particles origi-
nating from outer space that are hitting memory cells in an
array. Also, with higher densities of cells in a memory array,
the possibility of noise related disturbs of individual memory
cells increases. More particularly, these random electrical
occurrences may affect the stored charge on the capacitor of
the DRAM memory cell, and cause the memory cell to
change state. As such, these errors may not necessarily be due
to a defect in the cell construction, however, the information
stored on the DRAM memory cell may be incorrect.

[0005] On the one hand, because the data loss due to non-
defect related errors is not fatal to the memory, the memory
cell may be corrected to properly store the valid state of the
memory cell after the error is discovered. However, the ability
to correct comes with the added penalty of increased circuit
complexity, increased chip size, increased power usage, and/
or reduced access time. On the other hand, the data loss may
result in improper execution of an application or a system
crash, since it may change an instruction or data value. In that
case, although the memory system is fully functional, the
underlying application and/or data has been damaged and
may require correction of the states of the affected memory
cells. For instance, the affected memory cells may be rewrit-
ten (e.g., through error detection and correction techniques),

Jun. 30, 2016

or the system may be rebooted in order to resuscitate a
crashed application by repopulating the information in the
memory array.

[0006] Also, latent defects may adversely affect a memory
cell by increasing the rate of signal loss and increasing the
probability of soft errors. For instance, one or more latent
defects may weaken a memory cell over time, bringing that
cell closer to a point of failure. A cell with a latent defect may
operate on the margins of failure and not fail under normal
operating conditions. However, that cell, when compared to
stronger cells without latent defects, may be more prone to
soft errors when exposed to the previously discussed interfer-
ences (e.g., electrical, magnetic, etc.).

[0007] It is desirous to provide a memory array that is less
susceptible to non-defect errors, such as, noise, soft errors,
etc.

SUMMARY

[0008] Embodiments of the present invention provide for a
method and architecture to optimize data retention and soft
error rate in a memory array by storing data biased towards a
preferred memory state of the individual memory cells,
wherein the storing is based on the expectation that without
implementation of embodiments of the present invention, a
majority of memory cells would be presented with data for
storage in a state that is opposite the preferred memory state.

[0009] In one embodiment, a method for storing data is
presented. The method includes providing an addressable
memory comprising a memory space. The method further
includes configuring the addressable memory such that a
majority of the plurality of memory cells in the memory space
stores internal data values in a preferred bias condition when
a first external data state of one or more external data states is
written to the memory space. For instance, the preferred bias
condition may be an electrical “0”, which is the default state
of the memory cells. The first external data state is opposite
the preferred bias condition.

[0010] In another embodiment, a memory system is dis-
closed for purposes of storing data. The memory system
includes an addressable memory including a memory space,
wherein the memory space includes a plurality of memory
cells. The addressable memory is configured such that a
majority of a plurality of memory cells in the memory space
stores internal data values in a preferred bias condition when
a first external data state of one or more external data states is
written to the memory space. For instance, the preferred bias
condition may be an electrical “0”, which is the default state
of the memory cells. The first external data state is opposite
the preferred bias condition.

[0011] In still another embodiment, a method for storing,
and more particularly, a method for storing data is presented.
The method includes providing an addressable memory,
wherein the addressable memory includes a plurality of
memory cells. The method includes providing at least one
memory write path for writing to the plurality of memory
cells in the memory space. The method includes providing at
least one memory read path for reading from the plurality of
memory cells in the memory space. The method further
includes selectively inverting data on both the at least one
memory read path and the at least one memory write path
such that an internally stored data value in a memory cell is
largely independent of a corresponding memory cell location
in the memory space.
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[0012] These and other objects and advantages of the vari-
ous embodiments of the present disclosure will be recognized
by those of ordinary skill in the art after reading the following
detailed description of the embodiments that are illustrated in
the various drawing figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The accompanying drawings, which are incorpo-
rated in and form a part of this specification and in which like
numerals depict like elements, illustrate embodiments of the
present disclosure and, together with the description, serve to
explain the principles of the disclosure.

[0014] FIG.1A is ablock diagram of a memory system that
is configured to store data in a preferred bias condition, in
accordance with one embodiment of the invention.

[0015] FIG.1Bisadiagram illustrating terminology of data
conditions when storing data to a memory cell coupled to a
positive node of a sense amplifier in the memory system of
FIG. 1A that is configured to store selected data in a preferred
bias condition, in accordance with one embodiment of the
present disclosure.

[0016] FIG.1Cisadiagram illustrating terminology of data
conditions when storing data to a memory cell coupled to a
negative node of a sense amplifier in the memory system of
FIG. 1A that is configured to store selected data in a preferred
bias condition, in accordance with one embodiment of the
present disclosure.

[0017] FIG. 2A is a flow chart illustrating a method of
storing, wherein data is stored in memory cells of a memory
array in a preferred bias condition when storing a first external
data state of an input signal, in accordance with one embodi-
ment of the invention.

[0018] FIG. 2B is a flow chart illustrating another method
of storing, wherein input and output data is selectively
inverted such that storage of an internally stored data value is
independent of the location in the memory space or array, in
accordance with one embodiment of the present disclosure.
[0019] FIG.3Aisalayoutofan open bitline memory array,
wherein the memory array is configured to store selected data
in memory cells in a preferred bias condition, in accordance
with one embodiment of the invention.

[0020] FIG.3Bisalayout of an open bit line memory array,
wherein a single data input signal delivers external data val-
ues to be stored in memory cells through one or more positive
sides of one or more sense amplifiers, wherein the memory
array is configured to store selected data in memory cellsin a
preferred bias condition, in accordance with one embodiment
of the present disclosure.

[0021] FIG.3Cisalayout of an open bit line memory array,
wherein a single data input signal delivers external data val-
ues to be stored in memory cells through one or more negative
sides of one or more sense amplifiers, wherein the memory
array is configured to store selected data in memory cellsin a
preferred bias condition, in accordance with one embodiment
of the present disclosure.

[0022] PRIOR ART FIG. 4A is a layout of a conventional
open bit line memory array, in accordance with one embodi-
ment of the invention.

[0023] PRIOR ART FIG. 4B is an illustration of a sense
amplifier implemented within the memory array of FIG. 4A.

[0024] FIG. 5A is a flow chart illustrating a method of
storing data into an open bit line memory array, wherein
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selected data is stored in memory cells in a preferred bias
condition, in accordance with one embodiment of the inven-
tion.

[0025] FIG. 5B is a flow chart illustrating a method of
reading data from an open bit line memory array, wherein
selected data is stored in memory cells of the memory array in
a preferred bias condition, in accordance with one embodi-
ment of the invention.

[0026] FIG. 6 is a table illustrating the treatment of signals
before and after storage into a memory system wherein data is
stored in a preferred bias condition, in accordance with one
embodiment of the invention.

[0027] FIG. 7 is a layout of a folded bit line memory array,
wherein data is configured to store data in memory cells in a
preferred bias condition, in accordance with one embodiment
of the invention.

[0028] FIG. 8A is a flow chart illustrating a method of
storing data into a folded bit-line memory array, wherein data
is stored in memory cells in a preferred bias condition, in
accordance with one embodiment of the invention.

[0029] FIG. 8B is a flow chart illustrating a method of
reading data from a folded bit-line memory array, wherein
selected data is stored in memory cells of the memory array in
a preferred bias condition, in accordance with one embodi-
ment of the invention.

DETAILED DESCRIPTION

[0030] Reference will now be made in detail to the various
embodiments of the present disclosure, examples of which
are illustrated in the accompanying drawings. While
described in conjunction with these embodiments, it will be
understood that they are not intended to limit the disclosure to
these embodiments. On the contrary, the disclosure is
intended to cover alternatives, modifications and equivalents,
which may be included within the spirit and scope of the
disclosure as defined by the appended claims. Furthermore, in
the following detailed description of the present disclosure,
numerous specific details are set forth in order to provide a
thorough understanding of the present disclosure. However, it
will be understood that the present disclosure may be prac-
ticed without these specific details. In other instances, well-
known methods, procedures, components, and circuits have
not been described in detail so as not to unnecessarily obscure
aspects of the present disclosure.

[0031] Accordingly, embodiments of the present disclosure
provide for bit cell topographies (i.e., mapping from electrical
to physical data state) that are configured to store input data
having a first data state into a memory array a majority of the
time in a preferred bias condition, which makes the memory
system as a whole more immune to data loss due to noise, soft
error rates, leakage, and other factors that could impact data
integrity. Other embodiments of the present disclosure pro-
vide the above accomplishments and further provide for bit
cell topographies that are configured to optimize data reten-
tion and soft error rate immunity based on an expectation that
more cells are presented data for storing to a memory cell
(e.g., DRAM) as electrical “1s” over “0s”, but are stored into
the memory array in such a manner that a majority of “0s” are
stored into the array. Still other embodiments of the present
disclosure provide the above accomplishments and further
provide for bit cell topographies that are configured to opti-
mize data retention and soft error rate immunity based on an
expectation that a majority of data presented to a memory
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system is in an electrical “0” state, and a majority of cells
receive and store an electrical “1” signal.

[0032] Embodiments of the present invention provide for
storing an externally received data state (e.g., one or more
electrical “1s” received through an input signal) into an
addressable memory in a preferred bias condition (e.g., “0”).
More particularly, in relation to data provided to a memory
address wherein the external data state is opposite a preferred
bias condition, for a majority of the memory addresses, the
internal data values stored in the memory address will be in
the preferred bias condition. Ideally, for all addressable
memory locations, write operations where the data is opposite
a preferred memory state the internal data values will be
stored in the preferred bias condition (e.g., when all “1s” are
written to a memory device, they will be stored internally as
all “0s”). Additionally, a majority of the cells in the memory
array are configured such that when an externally received
data state (e.g., “1”) is presented to the addressable memory,
they will be stored in a preferred bias condition (e.g., “0”). In
isolated instances (e.g., in cases of errors or the use of dedi-
cated spare cells or a spare row or column of cells), internally
stored values for a given data state may not be stored in the
preferred bias condition; but throughout the addressable
memory, a majority of cells in the addressable memory will
still store internal data values in the preferred bias condition.
Other embodiments provide for storing an externally received
data state (e.g., a plurality of electrical “1s” received through
an input signal) into an addressable memory in a preferred
bias condition that is independent of location of the corre-
sponding memory cell. That is, in relation to the external data
state (e.g., one or more “1s”), the one or more internal data
values (e.g., preferred bias condition) stored into memory in
each instance is independent of the memory location of cor-
responding memory cells. For instance, when receiving an
input signal containing all “1s”, internal data values are stored
in the preferred bias condition (e.g., “0”) throughout the
memory array. As such, embodiments of the present invention
provide for storage into an addressable memory a received
data state (e.g., one or more “1s”) in a preferred bias condition
over a majority of cells in the memory array, and/or in such a
manner that is largely independent of memory cell location.

[0033] The double data rate synchronous dynamic random-
access memory (DDR SDRAM) provides for higher transfer
rates than a single data rate SDRAM memory system at a
particular clock frequency. That is, the DDR SDRAM inter-
face allows for the transfer of data both on the rising and
falling edges of the underlying clock signal. The fourth gen-
eration of the DDR SDRAM standard (DDR4 SDRAM), as
implemented by the JEDEC Solid State Technology Associa-
tion, is configured to have a high voltage “1” termination on
its data input/output pins. As aresult, reading and writing “1s”
to the memory array will consume less power, since a corre-
sponding input is already in a “1” state. However, reading and
writing external “Os” to the memory will require that the
terminated line be pulled down to a “0” state, thereby con-
suming power. Because reading and writing “1s” will con-
sume less power on the DQ bus and/or pins, power optimized
systems in embodiments of the present invention will prefer-
entially write more “1s” than “0s” to the memory system, but
store more “0s” than “1s” to the memory array, or rather the
memory system is configured to store data into the memory
array in a manner that is statistically biased towards the pre-
ferred bias condition (e.g., “0” for a typical n-channel array).
Other embodiments preferentially write more “1s” than “0s”
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to the memory system but store more “1s” than “0s”. Still
other embodiments preferentially write more “Os” than “1s”
to the memory system but store more “ls”. Also, other
embodiments preferentially write more “0s” than “1s” to the
memory system but store more “0s”.

[0034] FIGS.1A-Care diagrams illustrating a memory sys-
tem that is configured to store data of a particular state largely
in a preferred bias condition that is independent of the address
and/or location of the storing memory cell in a memory array.
More specifically, FIG. 1A is a block diagram of a memory
system 100A that is configured to store data in a preferred bias
condition, in accordance with one embodiment of the inven-
tion. FIG. 1B is a data flow diagram 100B illustrating the flow
of signals and the terminology used to describe the flow of
signals when storing data values to a memory cell coupled to
a positive node of a sense amplifier in a memory system that
is configured to store data of a particular state largely in a
preferred bias condition that is independent of the address
and/or location of the storing memory cell in a memory array,
in accordance with one embodiment of the present disclosure.
FIG. 1C is a data flow diagram 100C illustrating the flow of
signals and the terminology used to describe the flow of
signals when storing data values to a memory cell coupled to
a negative side of a sense amplifier in a memory system that
is configured to store data of a particular state largely in a
preferred bias condition that is independent of the address
and/or location of the storing memory cell in a memory array,
in accordance with one embodiment of the present disclosure.
In one embodiment, the memory systems 100A-C of FIGS.
1A-C are configured to receive external data values of an
input signal comprising a first data state, and storing the
received external data values in a preferred bias condition in
amajority of cases. In another embodiment, memory systems
100A-C are configured to take advantage of an expected
pattern of signals for storage in order to optimize power
consumption, improve data retention, and/or reduce soft error
rates.

[0035] Turning now to FIG. 1A, as shown, the memory
system 100 A includes a memory controller 106 for managing
the flow of data flowing to and from the memory array 160. In
particular, memory controller provides an input signal 105
that comprises a plurality of external data values for purposes
of writing to the memory array 160. The external data values
comprise a plurality of external data states, such as, “1s” and
“0s”. More particularly, the memory controller 106 delivers
control signals throughout the memory system 100A
enabling reads and writes to memory cells in the memory
array 160.

[0036] The memory system 100A includes a differential
signal generator 110 for receiving the input signal 105 and
outputting a pair of data input signals for purposes of storing.
In particular, the pair of data input signals includes a data in
signal 113 that is representative of the original input signal
105, and comprises one or more data input values. In addition,
the generator 110 generates a data_bar in signal 115 compris-
ing one or more data_bar input values, wherein the data_bar
in signal 115 represents a complement to the data in signal
113.

[0037] Also shown in FIG. 1B, the input signal 105 com-
prises a plurality of external data values. The data values may
be of one or more data states, such as, a first state, a second
state, etc. For instance, in one embodiment, data values may
be in one of two states, such as, a “0” or a “1”. In other
embodiments, two or more data states are supported. Also, the
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data in signal 113 comprises a plurality of data input values,
and the data_bar in signal 115 comprises a plurality of data_
bar input values.

[0038] Memory system 100A of FIG. 1A includes an
address decoder 120 that is coupled to the memory controller
106. Address decoder 120 located on an address path and is
configured to determine the address of a memory cell to
which an external data value of the input signal 105 (through
the data in signal 113 and the data_bar in signal 115) is
written, or to determine the address of a memory cell that is
read. That address decoder sends a control signal 121 or 122
to input inverting circuit 130 or output inverting circuit 150
depending on the address of the corresponding memory cell.
For instance, the address decoder 120 is configured to deter-
mine whether the memory cell is coupled to a positive node of
a corresponding sense amplifier, which may be a function of
which side of the array the memory cell is located (e.g., open
bit-line architecture) or whether the memory cell is coupled to
an even word line (e.g., folded bit-line architecture). The
address of the memory cell will dictate how the data in signal
113 and/or data_bar in signal 115 are treated before storing
into the memory array 160.

[0039] More particularly, memory system 100A also
includes an input inverting circuit 130 that is coupled to the
differential signal generator 110, and is configured to store
particular data values of the input signal 105 in a preferred
bias condition, depending on how the input signal 105 is
handled internally by the memory system 100A. For example,
the inverting circuit 130 will either invert, or pass without
inverting, selected values of the data in signal 113 and/or
data_bar in signal 115 in order to orient its state such that it is
delivered to the memory array 160 in a preferred bias condi-
tion, as will be further described below. In one embodiment,
the data in signal 113 and/or data_bar in signal 115 are based
on an input signal that is statistically biased to having data
values of a first data state (e.g., “1”) over a second data state
(e.g., “0™).

[0040] For instance, FIG. 1B shows that an external data
value ofthe data in signal 113 of a first data state is inverted by
the input inverting circuit 130 under certain conditions to
generate an inverted data signal 133. In particular, the exter-
nal data value of a first data state (e.g., “1”) is inverted by the
input inverting circuit when storing to a memory cell coupled
to a positive bit line input/output node of a corresponding
sense amplifier. As such, the data in signal 113 comprises the
external data value of a first state, and the inverted data signal
133 comprises the inverted data input value. Also, for the
same external data value, the data_bar in signal 115 is
inverted by the input inverting circuit 130 to generate an
inverted data_bar signal 135 comprising the inverted data_bar
input value.

[0041] FIG.1C shows that an external data value of the data
in signal 113 of a first data state is passed (i.e., not inverted) by
the input inverting circuit 130 under certain conditions to
generate a data signal 137. In particular, the external data
value of a first data state (e.g., “1”) is passed by the input
inverting circuit and stored as an internally stored value 166
when storing to a memory cell coupled to a negative bit line
input/output node of a corresponding sense amplifier. As
such, the data in signal 113 comprises the external data value
of a first state, and the data signal 137 comprises the passed
data input value. Also, for the same external data value, the
data_bar in signal 115 is passed by the input inverting circuit
130 to generate a passed data_bar signal 139 comprising the
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passed data_bar input value and stored as an internally stored
value 166 when storing to a memory cell coupled to a negative
bit line.

[0042] Memory system 100A also includes a plurality of
sense amplifiers 140 that are coupled to bit lines in the
memory array 160 for facilitating WRITE and READ opera-
tions. In other embodiments, instead of sense amplifiers, any
means suitable for measuring current or voltage is coupled to
the plurality of bit lines. The sense amplifier and/or measur-
ing means are used for purposes of measuring current or
voltage when performing WRITE and READ operations on
the memory array 160.

[0043] As shown, the memory system includes a memory
array 160 that includes a plurality of memory cells having a
preferred bias condition, previously described. For instance,
array 160 includes a plurality of memory cells laid out in rows
and columns and arranged in various configurations. In one
implementation, the array 160 includes a plurality of
SDRAM memory cells and comprises an open bit-line archi-
tecture, and in another implementation a folded bit-line archi-
tecture. The memory cells are configured to retain a state for
purposes of storing data. For example, in a DRAM imple-
mentation, data is stored on the capacitor either in a charged
state (“1”) or discharged state (“0”).

[0044] In one embodiment, the memory cells in array 160
comprise single-ended memory cells, wherein a single bitline
is used to capture the voltage level of a memory cell. In that
manner, the voltage on the corresponding bit line is compared
against a reference voltage to determine the state stored in the
memory cell. For instance, if the voltage is higher than the
reference voltage, then the state of the memory cell indicates
an electrical “1”, whereas if the voltage is lower than the
reference voltage, then the state of the memory cell indicates
an electrical “0”.

[0045] Further, the memory cells have a preferred bias con-
dition. Embodiments of the present invention do not impact
the ability for any given memory cell to retain an electrical
“1” or “0”, and instead provide for data storage in the pre-
ferred bias condition a majority of the time in a memory array,
wherein the preferred bias condition is implemented to opti-
mize low power consumption (e.g., during reads and/or
writes), reduce the effect of non-defect errors (e.g., noise, soft
error rates, etc.), as well other optimizing factors. In one
embodiment, the preferred bias condition is a default state
(e.g., “0” for an n-channel DRAM array, and “1” for a p-chan-
nel memory array), wherein the memory cell has a tendency
under certain scenarios to revert back to its default state. In
another embodiment, the preferred bias condition is the state
that provides for the least amount of power when executing
read and/or write operations. For instance, flash memory cells
in a memory array may exhibit lower power usage when
reading “0s” over “1s”.

[0046] The memory array 160 includes one or more con-
figurations of memory cells. In one implementation, memory
array 160 is configured in an open bit-line architecture includ-
ing one or more memory cells (e.g., DRAM) as is shown in
FIG. 3A, and in another implementation is configured in a
folded bit-line architecture as is shown in FIG. 7.

[0047] Inoneembodiment, the memory array system 100A
receives an input signal 105 having data values of a first state.
For various motivations previously described and other moti-
vations, those data values of a first state are handled within the
memory array system 100A such that the corresponding
internally stored data values 161 are stored largely indepen-
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dent of where they are stored in memory. More specifically,
data values of a first state of an input signal are internally
stored largely in a preferred bias condition no matter where
the corresponding target memory cells are located.

[0048] In one embodiment, the memory system 100A
receives an input signal 105 with the expectation that a major-
ity of data values of the input signal 105 is of a first state. For
instance, the input signal may include data values having a
majority of “1s”. This is accomplished through manipulation
of the data before delivery to the memory system 100A. In
one embodiment, the manipulation of the data occurs in hard-
ware. In another embodiment, the manipulation of the data
occurs in software, or at the application level.

[0049] For instance, in the case of DDR4 SDRAM
memory, since the JEDEC standard will have input/output
ports (I/O’s) terminated to a HIGH level, and not a midpoint,
it is expected that the memory system 100A will deliver more
electrical “1s” in an effort to save power. This may be
achieved at various locations in the treatment of data. For
example, statistically biasing the data to electrical “1s” may
occur at the system level (e.g., at a memory controller of the
memory system 100A), or at an application level. As such,
without further manipulation, the input signal 105 would
have values that are heavily weighted to electrical “1s” for
purposes of storing, as intended.

[0050] Embodiments of the present invention improve data
retention and reduce soft error rates by storing data, originally
received as external data values of an input signal 105 having
a first external data state (e.g., “1”), as internally stored data
values 161 having a preferred bias condition (e.g., “0” or “1”)
in any given memory cell in a memory array or space. In
particular, the memory system 100A includes an input invert-
ing circuit 130 that selectively converts data values of the data
in signal 113 or data_bar in signal 115 so that the internally
stored data values 161 are stored in the preferred bias condi-
tion. This is achieved by either selectively inverting or passing
one or more data values of the data in signal 113 or data_bar
in signal 115.

[0051] In one embodiment, the preferred bias condition is
opposite the first external data state. For example, in the case
of DDR4 SDRAM an input signal may comprise a majority of
external “1s”, as previously described. For any given cell,
after the implementation of the input inverting circuit 130,
that cell will have a higher likelihood of storing an electrical
“0” rather than an electrical “1”. Thus, over time, that
memory cell, and the memory array 160, will be statistically
less likely to fail since it is storing data biased towards the
preferred state a majority of the time. In another embodiment,
the preferred bias condition is the same as the first external
data state.

[0052] The memory system 100A also includes an output
inverting circuit 150 that is coupled to the sense amplifier 140.
In one embodiment, the output inverting circuit 150 is able to
determine what actions have been performed on the data
stored in a particular memory cell of the memory array 160 by
the input inverting circuit 130 (e.g., based on the location of
the memory cell), and to perform appropriate actions to the
data being read from that memory cell before delivery as an
output signal, either as data out signal 151 and/or data_bar out
signal 152. For instance, the address decoder 120 is config-
ured to determine whether the memory cell being read is
coupled to a positive bit line input/output node of a corre-
sponding sense amplifier, which may be a function of which
side of the array the memory cell is located (e.g., open bit-line
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architecture) or whether the memory cell is coupled to an
even word line (e.g., folded bit-line architecture). The address
of'the memory cell being read will dictate how the data signal
and/or data_bar signal from a corresponding sense amplifier
are treated (e.g., inverting or passing) before being delivered
as an output signal.

[0053] For instance, FIG. 1B shows that the output invert-
ing circuit 150 inverts the data output value of the data signal
163 obtained from a corresponding sense amplifier under
certain conditions to generate an inverted data output value of
the now inverted data out signal 153. That is, the address
decoder 120 sends a control signal to the output inverting
circuit 150 to invert or pass data depending on where the
corresponding memory cell being read is located. In particu-
lar, the data output value is inverted by the output inverting
circuit when reading from a memory cell coupled to a positive
node of the corresponding sense amplifier. As such, the data
signal 163 comprises the data output value, and the inverted
data out signal 153 comprises the inverted data output value.
Also, the corresponding data_bar output value from the data_
bar signal 165 is inverted by the output inverting circuit 150 to
generate an inverted data_bar out signal 155. As such, the
data_bar signal 165 comprises the data_bar output value, and
the inverted data_bar output signal 155 comprises the
inverted data_bar output value.

[0054] FIG. 1C shows that the data output value of the data
signal 167 obtained from a corresponding sense amplifier is
passed (e.g., without inverting) under certain conditions to
generate a data output value of the data out signal 157. That is,
the address decoder 120 sends a control signal to the output
inverting circuit 150 to invert or pass data depending on where
the corresponding memory cell being read is located. In par-
ticular, the data output value of data signal 167 is passed by
the output inverting circuit 150 when reading from a memory
cell coupled to a negative bit line input/output node of the
corresponding sense amplifier. As such, the data out signal
157 comprising the passed data output value is delivered as
the data output. Also, the data_bar output value of the corre-
sponding data_bar signal 169 is passed by the output invert-
ing circuit 150 to generate a passed data_bar signal 169 as the
data_bar output signal 159 comprising the passed data_bar
output value.

[0055] FIG. 2A is a flow chart 200 illustrating a method of
storing, wherein selected data is stored in memory cells of a
memory array in a preferred bias condition, in accordance
with one embodiment of the invention. In one embodiment,
the flow chart 200A is implemented by memory system 100A
for purposes of storing data into a memory space or array in a
preferred bias condition, especially when input signals are
delivered to the memory system 100A in an expected state.

[0056] At 210, the method includes providing an address-
able memory comprising a memory space. For instance, the
memory space (e.g., memory array) comprises a plurality of
single-ended memory cells, wherein the memory cells have a
preferred bias condition, as previously described. For
example, in one implementation, the addressable memory
array includes a plurality of DRAM memory cells, wherein
the preferred bias condition is an electrical “0”, which repre-
sents the default state of each of the memory cells. In other
implementations, the preferred bias condition is either an
electrical “0” or “17, depending on which level gives a lower
consumption of power when performing WRITE and/or
READ operations.
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[0057] At220, the method includes configuring the addres-
sable memory such that a majority of a plurality of memory
cells in the memory space stores internal data values in a
preferred bias condition for selected data. In particular, exter-
nal data values of an input signal having a first data state are
stored as internally stored data values in a plurality of
memory cells in the preferred bias condition. The external
data values of the input signal comprise one or more data
states (e.g., electrical “0”, electrical “1”, states between “0”
and “1”, etc.). In one embodiment, the internally stored data
values are stored in the memory cells throughout the memory
space in the preferred bias condition in a majority ofthe cases.
In one embodiment, under normal memory cell operating
conditions, it is expected that a majority of external data
values of a first state are stored as internally stored data values
in memory cells in the preferred bias condition.

[0058] Furthermore, the first external data state is opposite
the preferred bias condition, in one embodiment. For
instance, in one implementation, the memory space includes
a plurality of DRAM memory cells, wherein the preferred
bias condition is an electrical “0”, which represents the
default state of the memory cells. In that case, the first external
data state is an logical “1”, which is opposite the preferred
bias condition. As such, external data values having the first
external data state of logical “1” are stored in memory cells
throughout the memory space as an electrical “0”. In this
manner, memory cells in the memory space are storing inter-
nally stored data values at an equilibrium state that is less
likely to fail. In still another embodiment, the first external
data state is similarly biased as the preferred bias condition.
[0059] In one embodiment, in the DDR4 SDRAM imple-
mentation of a memory array, an input signal delivered to the
addressable memory is expected to have external data values
that are statistically biased towards an electrical “1”, given
that the I/Os have a high voltage (“1”) termination in an effort
to optimize power. That is, the plurality of external data
values of the input signal has a higher probability of being in
the first external data state. However, optimization of power
comes at a cost of increasing the risk of soft errors and other
data loss due to non-defect errors, in the case of an n-channel
DRAM implementation. To address the increased risk, under
embodiments of the present invention, external data values of
electrical “1” are stored into memory cells of the addressable
memory as electrical “0” a majority of the time. In that man-
ner, over time, memory cells in the memory space will be
statistically less likely to fail since it is storing data biased
towards the preferred bias condition a majority of the time.
[0060] More specifically, the external data values having a
first data state are modified, such that they are delivered to
memory cells throughout the memory space for storage as
internally stored data values in the preferred bias condition.
For instance, external data values in the input signal are
inverted where appropriate for storage to memory cells in the
preferred bias condition, as will be further described below.
[0061] For purposes of illustration only, embodiments of
the present invention are described within the context of
storing data into a memory array comprising DRAM memory
cells for purposes of optimizing data retention and providing
soft error rate immunity. However, other embodiments of the
present invention are well suited to storing data in any type of
memory array consisting of any type of memory cell (e.g.,
flash memory transistor, fin field effect transistor (FinFET),
resistive memory transistor, recessed channel array transistor,
etc.), wherein the preferred bias condition is defined by any
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optimization factor (e.g., low power consumption, quicker
response times, improved quality of service, etc.). For
instance, in other embodiments of the invention, the preferred
bias condition is associated with a low power WRITE and/or
READ operation, wherein one state is characterized by a
lower consumption of power when performing WRITE and
READ operations when compared to another state.

[0062] FIG. 2B is a flow chart 200B illustrating another
method of storing, wherein input and output data is selec-
tively inverted such that storage of an internally stored data
value is independent of the location in the memory space or
array, in accordance with one embodiment of the present
disclosure. In one embodiment, the flow chart 200B is imple-
mented by memory system 100A for purposes of storing data
into a memory space or array in a preferred bias condition,
especially when input signals are delivered to the memory
system 100A in an expected state.

[0063] At 250, the method includes providing an address-
able memory comprising a memory space, wherein the
memory space (e.g., memory array) comprises a plurality of
memory cells. For example, in one implementation, the
addressable memory includes a plurality of DRAM memory
cells. Other embodiment are well suited to supporting other
types of memory systems including other types of memory
cells.

[0064] At 260, the method includes providing at least one
memory write path for writing to the plurality of memory
cells in the addressable memory and memory space. For
instance, a memory write path is configured for writing to one
or more memory cells in the memory space. Additionally, at
270, the method includes providing at least one memory read
path for reading from the plurality of memory cells in the
addressable memory and memory space. For instance, a
memory read path is configured for reading from one or more
memory cells in the memory space.

[0065] At 280, the method includes selectively inverting
data on both the at least one memory read path and the at least
one memory write path such that an internally stored data
value ina memory cell is largely independent of a correspond-
ing memory cell location in the memory space. That is, for a
given external data state of an external data value of an input
signal, the corresponding internally stored data value is inde-
pendent of the address of the memory cell selected for stor-
age. For instance, when a corresponding external data value
of an input signal is delivered for storage in the addressable
memory, that external data value is stored as the internally
stored data value no matter which memory cell in the memory
space is selected for storage. As such, storage of the external
data value as the internally stored data value is largely inde-
pendent of memory cell location.

[0066] In one embodiment, the data is selectively inverted
such that the internally stored data value in the memory cell is
predominantly opposite of one or more states provided at an
external output and an external input. For instance, one or
more external data values of an input signal having a first data
state are stored in memory cells of the memory space as
internally stored data values that are opposite the first data
state. As an example, the internally stored data values are
consistent with a preferred bias condition, as previously
described, and as such, the first external data state is opposite
the preferred bias condition. Further, when reading from
those same memory cells, that are storing internally stored
data values opposite the first data state of corresponding
external data values, the data is manipulated such that the
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output values at an external output are opposite the internally
stored data values, and align with the original, external data
values of the input signal.

[0067] Inoneembodiment,the addressable memory is con-
figured such that a majority of a plurality of memory cells in
the memory space stores internal data values in a preferred
bias condition when a first external data state of one or more
external data states is written to said memory space, wherein
said first external data state is opposite said preferred bias
condition. The external data values comprise one or more data
states, such as, electrical “0”, electrical “1”, states between
“0” and “1”, etc.

[0068] FIGS. 3-6 in combination are circuit diagrams, flow
diagrams, and tables illustrating an open bit-line architecture
memory array in a memory system that is configured to store
data in memory cells of a memory array in a preferred bias
condition, in embodiments of the present invention. Also, the
systems and methods disclosed in FIGS. 3-6 are implemented
within memory system 100A of FIG. 1A and by the flow
diagrams 200A of FIG. 2A and 200B of FIG. 2B, in embodi-
ments of the present invention.

[0069] In particular, FIG. 3A is an exemplary layout of an
open bit line memory array 300A that is configured to store
data in memory cells in a preferred bias condition, in accor-
dance with one embodiment of the present disclosure. In one
embodiment, an input signal including a plurality of external
data values is delivered to the memory array 300A such that
the external data values have an expected bias. As an example,
memory array 300A is implementable within memory system
100A of FIG. 1A.

[0070] As shown in FIG. 3A, a data in signal 301 is deliv-
ered to an input inverting circuit 310 over path 311. Also, a
data_bar in signal 303 is delivered to the input inverting
circuit 310 over path 316. The data in signal 301 and data_bar
in signal 303 are generated from a differential signal genera-
tor (not shown) based on an input signal, in one embodiment.
The input inverting circuit 310 either inverts or passes the data
in signal 301 and data_bar in signal 303 through the appro-
priate circuit path depending on which memory cell the origi-
nal input signal is assigned for storage. In particular, for an
open bit-line architecture, the data in signal 301 and data_bar
in signal 303 are inverted or passed depending on which side
(the A-side/left side or B-side/right side) of the array the
targeted memory cell is located, as will be further described in
relation to FIGS. 4-6. For instance, the data in signal 301 is
inverted through the input inverting circuit 310 by inverter
306 over paths 311 and 313 in the input inverting circuit 310
if the targeted memory cell is located on the left side, or
A-side 380A of the memory array 300A by activating pass
gate 304 via a control signal from an address decoder vianode
392. The inverted data signal is delivered to the memory array
from circuit 310 through pass gate 304 and over path 320.
Also, a data_bar in signal 303 is inverted through the input
inverting circuit 310 by inverter 307 over paths 316 and 317
by activating transistor 308 via a control signal from an
address decoder delivered to node 392. On the other hand, the
data in signal 301 is passed through the input inverting circuit
310 over paths 311 and 320 if the targeted memory cell is
located on the right side, or B-side 380B of the memory array
300A by activating pass gate 305 via a control signal from an
address decoder via node 391. The passed data signal is
delivered to the memory array from circuit 310 through pass
gate 305 and over path 320. Also, the data_bar in signal 303 is
passed through the input inverting circuit 310 over paths 316
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and 330 by activating transistor 309 via a control signal from
an address decoder delivered to node 391.

[0071] Signals from the input inverting circuit 310 are
delivered to a plurality of sense amplifiers 350, including
sense amplifiers 350A-D. In general, sense amplifiers are
coupled to bit lines in the memory array 300A for selection of
a particular memory cell for purposes of performing WRITE
and READ operations. For instance, path 320 is coupled to a
bi-directional data input/output node (e.g., 351 of sense
amplifier 350A) on the positive side of each of the plurality of
sense amplifiers 350 in order to deliver the data in signal 301
after manipulation by the input inverting circuit 310 to either
the A-side sub-array 380A, or B-side sub-array 380B. Also,
path 330 is coupled to a bi-directional data_bar input/output
node (e.g., 356 of sense amplifier 350A) on the negative side
of each of the plurality of sense amplifiers in order to deliver
the data_bar in signal 303 after manipulation by the input
inverting circuit 310 to either the A-side sub-array 380A, or
B-side sub-array 380B.

[0072] Additionally, memory array 300A includes a plural-
ity of memory cells, each of which is associated with a pre-
ferred bias condition, as previously described. For example,
and for purposes of illustration, in the implementation of a
DRAM memory cells in the memory array 300A, a preferred
bias condition is the default state, or an electrical “0”, which
provides greater immunity to data loss due to noise, soft error
rates, leakage, and other non-defect factors that could impact
data integrity.

[0073] InFIG.3A,the plurality of memory cells is arranged
in an open-bit line architecture. As shown, memory array
300A includes two sub-arrays, such as, the A-side sub-array
380A configured on the left of the array, and the B-side
sub-array 380B configured on the right side of the array. Each
of'the sub-arrays includes M rows and N columns of memory
cells, such as, memory cell 361A or memory cell 363A.

[0074] Each ofthe N columns includes a corresponding bit
line, wherein bit lines are used to write to or read data from
memory cells in the A-side sub-array 380A, and the B-side
sub-array 380B. In particular, addressing circuitry (not
shown) controls column decoders (e.g., Y-select 390 of sense
amplifier 350A) and/or sense amplifiers 350A-D that are
coupled to bit lines 371A, 372A, 373A, and 374A on the
A-side sub array 380A. Also, addressing circuitry controls
column decoders and/or sense amplifiers 350A-D that are
coupled to bit lines bar 371B, 372B, 373B, and 374B on the
B-side sub array 380B. For instance, each of the sense ampli-
fiers 350A-D includes a positive bit line input/output node
(e.g., node 352 for sense amplifier 350A) and a negative bit
line bar input/output node (e.g., port 357 for sense amplifier
350A) coupled to corresponding bit lines accessing memory
cells in the array. It is understood that each of the A-side
sub-array 380A and the B-side sub-array 380B may include
any number of bit lines.

[0075] Each of the M rows includes a corresponding word
line, wherein word lines are used to select a particular row of
memory cells in either sub-arrays 380A or 380B by activating
FETs in that particular row, for purposes of writing, reading,
and erasing. For instance, for the A-side sub-array 380A,
word line 340 is used to access memory cells (e.g., 361A-D)
in the corresponding row 366. Also, for B-side sub-array
380B, word line 345 is used to access memory cells (e.g.,
363 A-D) in the corresponding row 367 of memory cells. It is
understood that each of the A-side sub-array 380A and the
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B-side sub-array 380B may include any number of word
lines, though only one word line for each array is shown.
[0076] More particularly, row decoders and column decod-
ers are used to selectably access memory cells in either of the
A-side sub-array 380A or B-side sub-array 380B in response
to address signals provided by an external controller (e.g.,
memory controller).

[0077] Memory array 300A also includes an output invert-
ing circuit 388 which manipulates the data read from the
memory cells appropriately, depending on which side of the
memory array 300A (e.g., A-side 380A or B-side 380B) a
memory cell was accessed for reading. That is, the signal read
from a memory cell will be manipulated (e.g., inverted)
depending on whether or not a corresponding input signal
(e.g., data in 301 or data_bar in 303) was inverted. For
instance, the output inverting circuit 388 receives a data signal
over path 320 from the bi-directional data input/output node
(e.g., node 351) on the positive side of a corresponding sense
amplifier 350A-D, and a data_bar signal over path 330 from
the bi-directional data_bar input/output node (e.g., node 356)
on the negative side of a corresponding sense amplifier 350 A-
D. Output inverting circuit 388 either inverts or passes the
received data signals from a corresponding sense amplifier
through the appropriate circuit path depending on which
memory cell the original input signal was assigned for stor-
age. As shown, a data signal over path 320 is inverted through
the output inverting circuit 388 over paths 320 and 381 by
activating transistor 382 via a control signal from an address
decoder delivered to node 399. The data signal over path 320
is passed through the output inverting circuit 388 by activat-
ing transistor 384 via a control signal from an address decoder
delivered to node 398. Also, a data_bar signal over path 330 is
inverted through the output inverting circuit 388 over paths
330 and 386 by activating transistor 387 via a control signal
from an address decoder delivered to node 399. The data_bar
signal is passed through the output inverting circuit 388 over
path 330 by activating transistor 389 via a control signal from
an address decoder delivered to node 398.

[0078] FIG.3Bisalayout of an open bit line memory array
300B, wherein a single data input signal delivers external data
values to be stored in memory cells through one or more
positive sides of one or more sense amplifiers, wherein the
memory array is configured to store selected data in memory
cells in a preferred bias condition, in accordance with one
embodiment of the present disclosure. In one embodiment, an
input signal including a plurality of external data values is
delivered to the memory array 300B such that the external
data values have an expected bias. As an example, memory
array 300B is implementable within memory system 100A of
FIG. 1A.

[0079] As shown, the open bit line memory array 300B is
similar in configuration to the open bit line memory array
300A of FIG. 3A, with some exceptions. As such, in general,
similarly numbered elements perform the same functionality
in either memory array 300A or 300B. For instance, the
memory array 300B includes a plurality of memory cells
arranged in an open-bit line architecture including two sub-
arrays, such as, the A-side sub-array 380A configured on the
left of the array, and the B-side sub-array 380B configured on
the right side of the array. Each of the sub-arrays include M
rows and N columns of memory cells, such as, memory cell
361A or memory cell 363A. Each of the N columns includes
a corresponding bit line, wherein bit lines are used to write to
and read data from memory cells in the A-side sub-array
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380A, and the B-side sub-array 380B. Each of the M rows
includes a corresponding word line, wherein word lines are
used to select a particular row of memory cells in either
sub-arrays 380A or 380B by activating FETs in that particular
row, for purposes of writing, reading, and erasing. Addressing
circuitry (not shown), row decoders, and column decoders are
used to selectably access memory cells in either of the A-side
sub-array 380A or B-side sub-array 380B in response to
address signals provided by an external controller (e.g.,
memory controller).

[0080] The open bit line memory array 300B is configured
to receive an input signal in the form of a data in signal 1301.
Instead of generating complementary data input signals
through a differential signal generator, as is implemented in
FIG. 3A, only one data in signal 1301 is used to deliver data
values for storage into the array 300B. As shown in FIG. 3B,
data in signal 1301 is delivered to an input inverting circuit
1310 over path 1311. The input inverting circuit 1310 either
inverts or passes the data in signal 1301 through the appro-
priate circuit path depending on which memory cell the origi-
nal input signal is assigned for storage. For instance, the data
in signal 1301 is inverted or passed depending on which side
(the A-side/left side or B-side/right side) of the array the
targeted memory cell is located, as will be further described in
relation to FIGS. 4-6. Specifically, the data in signal 1301 is
inverted in the input inverting circuit 1310 by inverter 1303
through paths 1311 and 1313 by activating pass gate 1304 via
acontrol signal from an address decoder via node 1392, if the
targeted memory cell is located on the left side, or A-side
380A of the memory array 300B. The inverted data signal is
delivered to the memory array from circuit 1310 through pass
gate 1304 and over path 1320. Also, the data in signal 1301 is
passed without inverting through paths 1311 and 1320 of the
input inverting circuit 1310 by activating pass gate 1305 via a
control signal from an address decoder via node 1391, if the
targeted memory cell is located on the right side, or B-side
380B of the memory array 300B. The passed data signal is
delivered to the memory array from circuit 1310 through pass
gate 1305 and over path 1320.

[0081] Signals from the input inverting circuit 1310 are
delivered to a plurality of sense amplifiers 350, including
sense amplifiers 350A-D. In general, sense amplifiers are
coupled to bit lines in the memory array 300B for selection of
a particular memory cell for purposes of performing WRITE
and READ operations. For instance, path 1320 is coupled to
a bi-directional data input/output node (e.g., 351 of sense
amplifier 350A) on the positive side of each of the plurality of
sense amplifiers 350 in order to deliver the data in signal 1301
after manipulation by the input inverting circuit 1310 to either
the A-side sub-array 380A, or B-side sub-array 380B.

[0082] Memory array 300B also includes an output invert-
ing circuit 1380 which manipulates the data read from the
memory cells appropriately, depending on which side of the
memory array 300B (e.g., A-side 380A or B-side 380B) a
memory cell was accessed for reading. That is, the signal read
from a memory cell will be manipulated (e.g., inverted or not
inverted) depending on whether or not a corresponding input
signal (e.g., data in signal 1301) was also inverted or not. For
instance, the output inverting circuit 1380 receives a data
signal over path 1320 from the bi-directional data input/
output node on the positive side of corresponding sense
amplifiers 350A-D. Output inverting circuit 1380 either
inverts or passes the received data signal through the appro-
priate circuit path depending on which memory cell was
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accessed, as will be further described in relation to FIGS. 4-6.
Specifically, the data signal from sense amplifiers 350A-D on
path 1320 is inverted if the targeted memory cell being read is
located on the left side, or A-side 380A of the memory array
300B. For instance, a data signal over path 1320 is inverted
through output inverting circuit 1380 and delivered as a data
out signal 1395 over paths 1320 and 1381 by activating pass
gate 1382 via a control signal from an address decoder via
node 1399. Also, the data signal from sense amplifiers
350A-D is passed without inverting through the output invert-
ing circuit 1380 if the targeted memory cell is located on the
right side, or B-side 380B of the memory array 300B. For
instance, a data signal over path 1320 is passed through output
inverting circuit 1380 and delivered as a data out signal 1395
by activating pass gate 1384 via a control signal from an
address decoder via node 1398.

[0083] FIG.3Cisalayout of an open bit line memory array
300C, wherein a single data input signal delivers external data
values to be stored in memory cells through one or more
negative sides of one or more sense amplifiers, wherein the
memory array is configured to store selected data in memory
cells in a preferred bias condition, in accordance with one
embodiment of the present disclosure. That is, the address-
able memory is accessed by at least one sense amplifier. In
one embodiment, an input signal including a plurality of
external data values is delivered to the memory array 300C
such that the external data values have an expected bias. As an
example, memory array 300C is implementable within
memory system 100A of FIG. 1A.

[0084] As shown, the open bit line memory array 300C is
similar in configuration to the open bit line memory array
300A of FIG. 3A, with some exceptions. As such, in general,
similarly numbered elements perform the same functionality
in either memory array 300A or 300C. For instance, the
memory array 300C includes a plurality of memory cells
(e.g., DDR SDRAMs) arranged in an open-bit line architec-
ture including two sub-arrays, such as, the A-side sub-array
380A configured on the left of the array, and the B-side
sub-array 380B configured on the right side of the array. Each
of'the sub-arrays include M rows and N columns of memory
cells, such as, memory cell 361 A or memory cell 363A. Each
of the N columns includes a corresponding bit line, wherein
bit lines are used to write to, read data from and erase data
from memory cells in the A-side sub-array 380A, and the
B-side sub-array 380B. Each of the M rows includes a corre-
sponding word line, wherein word lines are used to select a
particular column of memory cells in either sub-arrays 380A
or 380B by activating FETs in that particular column, for
purposes of writing, reading, and erasing. Addressing cir-
cuitry (not shown), row decoders, and column decoders are
used to selectably access memory cells in either of the A-side
sub-array 380A or B-side sub-array 380B in response to
address signals provided by an external controller (e.g.,
memory controller).

[0085] The open bit line memory array 300C is configured
to receive an input signal in the form of a data in signal 1401.
Instead of generating two data input signals through a difter-
ential signal generator, as is implemented in FIG. 3A, only
one data in signal 1401 is used to deliver data values for
storage into the array 300C. As shown in FIG. 3C, data in
signal 1401 is delivered to an input inverting circuit 1410 over
path 1411. The input inverting circuit 1410 either inverts or
passes the data in signal 1401 through the appropriate circuit
path depending on which memory cell the original input
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signal is assigned for storage. For instance, the data in signal
1401 is inverted or passed depending on which side (the
A-side/left side or B-side/right side) of the array the targeted
memory cell is located, as shown in FIG. 3C and as further
described in relation to FIGS. 4-6. Specifically, the data in
signal 1401 is passed without inverting through the input
inverting circuit 1410 by activating pass gate 1405 via a
control signal from an address decoder delivered to node
1492, if the targeted memory cell is located on the left side, or
A-side 380A of the memory array 300C. The passed data in
signal 1401 is delivered to the memory array from circuit
1410 through pass gate 1405 and over path 1430. Also, the
data in signal 1401 is inverted by inverter 1403 in the input
inverting circuit 1410 over paths 1411 and 1413 by activating
pass gate 1404 via a control signal from an address decoder
delivered to node 1491, if the targeted memory cell is located
on the right side, or B-side 380B of the memory array 300C.
The inverted data signal is delivered to the memory array
from circuit 1410 through pass gate 1404 and over paths 1413
and 1430.

[0086] Signals from the input inverting circuit 1410 are
delivered to a plurality of sense amplifiers 350, including
sense amplifiers 350A-D. In general, sense amplifiers are
coupled to bit lines in the memory array 300C for selection of
a particular memory cell for purposes of performing WRITE
and READ operations. For instance, path 1430 is coupled to
a bi-directional data_bar input/output node (e.g., 356 of sense
amplifier 350A) on the negative side of each of the plurality of
sense amplifiers 350 in order to deliver the data in signal 1401
after manipulation by the input inverting circuit 1410 to either
the A-side sub-array 380A, or B-side sub-array 380B.

[0087] Memory array 300C also includes an output invert-
ing circuit 1480 which manipulates the data read from the
memory cells appropriately, depending on which side of the
memory array 300C (e.g., A-side 380A or B-side 380B) a
memory cell was accessed for reading. That is, the signal read
from a memory cell will be manipulated (e.g., inverted)
depending on whether or not a corresponding input signal
(e.g., data in signal 1401) was inverted, or more particularly
where the accessed memory cell is located. For instance, the
output inverting circuit 1480 receives a data signal over path
1430 from the bi-directional input/output node located on the
negative side of corresponding sense amplifiers 350A-D.
Output inverting circuit 1480 either inverts or passes the
received data signal through the appropriate circuit path
depending on which memory cell was accessed, as will be
further described in relation to FIGS. 4-6. Specifically, the
received data signal from sense amplifiers 350A-D on path
1430 is passed without inverting if the targeted memory cell
being read is located on the left side, or A-side 380A of the
memory array 300C. For instance, a data signal over path
1430 is passed through output inverting circuit 1480 by acti-
vating pass gate 1484 via a control signal from an address
decoder delivered to node 1499. The passed data signal is
delivered as a data out signal 1495 through pass gate 1484.
Also, the data signal from sense amplifiers 350A-D is
inverted if the targeted memory cell is located on the right
side, or B-side 380B of the memory array 300C. For instance,
a data signal over paths 1430 and 1481 is inverted through
output inverting circuit 1480 by activating pass gate 1482 via
a control signal from an address decoder delivered to node
1498. The inverted data signal is delivered as a data out signal
1495 through pass gate 1482.
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[0088] PRIOR ART FIGS. 4A-B in combination are circuit
diagrams illustrating a conventional open bit line architecture
memory array and a conventional sense amplifier. In particu-
lar, FIG. 4A is alayout of an open bit line memory array 400A
that is configured to store data in memory cells. FIG. 4B is a
detailed illustration of a sense amplifier that is implemented
within the open bit line memory array 400A.

[0089] Turning now to FIG. 4A, an input signal (not shown)
includes a plurality of external data values that is delivered to
the memory array 400A for storage. For the open bit line
architecture, a data in/out signal 401 is delivered to positive
sides of sense amplifiers providing access to the memory
array 400 A over path 420. Also, the data_bar in/out signal 403
is delivered to the negative sides of sense amplifiers providing
access to the memory array 400A over path 430.

[0090] In general, sense amplifiers are coupled to bit lines
in the memory array 400A for selection of a particular
memory cell for purposes of performing WRITE and READ
operations. For instance, path 420 is coupled to a positive
bi-directional data input/output node (e.g., 451 of sense
amplifier 450 A) on the positive side of each of the plurality of
sense amplifiers 450 in order to deliver the data in/out signal
401 to either the A-side sub-array 480A or B-side sub-array
480B. Also, path 430 is coupled to a negative bi-directional
data input/output node (e.g., 456 of sense amplifier 450A) on
the negative side of each of the plurality of sense amplifiers in
order to deliver the data_bar in/out signal 403 to either the
A-side sub-array 480A or B-side sub-array 480B.

[0091] Memory array 400A includes a plurality of memory
cells arranged in an open bit line architecture. The memory
array 400A includes two sub-arrays, such as, the A-side sub-
array 480A configured on the left of the array, and the B-side
sub-array 480B configured on the right side of the array. Each
of'the sub-arrays includes M rows and N columns of memory
cells, such as, memory cell 461 A or memory cell 463A. Row
decoders and column decoders are used to selectably access
memory cells in either of the A-side sub-array 480A or B-side
sub-array 480B in response to address signals provided by an
external controller (e.g., memory controller).

[0092] Each ofthe N columns includes a corresponding bit
line, wherein bit lines are used to write to or read from
memory cells in the A-side sub-array 480A and the B-side
sub-array 480B. In particular, addressing circuitry (not
shown) controls column decoders (e.g., Y-select 490 of sense
amplifier 450A) and/or sense amplifiers 450A-D that are
coupled to bit lines 471A, 472A, 473A, and 474A on the
A-side sub-array 480A. Also, addressing circuitry controls
column decoders and/or sense amplifiers 450A-D that are
coupled to bit bar lines 471B, 472B, 473B, and 474B on the
B-side sub-array 480B. For instance, each of the sense ampli-
fiers 450A-D includes a positive bit line input/output node
(e.g., node 452 for sense amplifier 450A) and a negative bit
line bar input/output node (e.g., node 457 for sense amplifier
450A) coupled to corresponding bit lines accessing memory
cells in the array.

[0093] Each of the M rows includes a corresponding word
line, wherein word lines are used to select a particular row of
memory cells in either sub-arrays 480 A or 480B by activating
FETs in that particular row. For instance, word line 440 is
used to access memory cells (e.g., 461A-D) of the A-side
sub-array 480A. Also, word line 445 is used to access
memory cells (e.g., 463A-D) of B-side sub-array 480B.
[0094] In the conventional memory array 400A, internally
stored data values are dependent on a corresponding memory
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cell location in memory space. For instance, when a corre-
sponding external data value of an input signal is delivered for
storage in the addressable memory, the internally stored data
value is dependent on which side of the memory array the
targeted memory cell is located in an open bit line architec-
ture, and whether the memory cell is accessed via an even or
odd word line in a folded bit line architecture. As an illustra-
tion, in the open bit line architecture, an external value of 1
delivered through the data in/out signal 401 is stored as an
electrical 1 to memory cells located on the A-side sub-array
480A, but stored as an electrical 0 to memory cells located on
the B-side sub-array 480B.

[0095] PRIOR ART FIG. 4B is a more detailed illustration
of' the differential sense amplifiers 450A-D, known in the art
and shown at a block level in FIG. 4A. The sense amplifier
shown in FIG. 4B is also implementable within the memory
arrays 300A-C of FIG. 3A-C and memory array 700 of FIG.
7, in embodiments of the present invention. The sense ampli-
fier shown in FIG. 4B exhibits a differential nature, and typi-
cally memory cells may be coupled to either the positive side
of the sense amplifier or negative side of the sense amplifier
depending on the location of the memory cells. In the con-
ventional open bit line architecture shown in FIG. 4A, the
coupling node may depend on the array location (left or
right). In a folded bit line architecture, the polarity ofthe node
may depend on the word line location (for example, odd or
even), the bit line location (for example odd or even), or a
combination of the row and bit line locations. For example, in
memory cells on one side of a memory array (e.g., coupled to
a positive node of the sense amplifier in an open bit-line
architecture), or memory cells coupled to a bit line (e.g.,
coupled to an even word line of a folded bit-line architecture)
are stored true, and memory cells on the opposite side of the
memory array (e.g., coupled to a negative node of the sense
amplifier in an open bit-line architecture), or memory cells
coupled to a bit line bar (e.g., coupled to an odd word line of
a folded bit-line architecture) are stored as a complement.
Other commonly known components of the sense amplifier
are not shown such as, pre-chargers, isolation transistors from
the bit lines etc.

[0096] For instance, as shown, sense amplifier 450A is
selected by the Y-select 490, which activates transistors 423
and 425. With the embodiment shown in FIG. 4A, path 420
delivers the data to bi-directional data input/output 451. In
FIG. 4B, if the column selector Yi 490 is high, transistor 423
will be on, and the signal is shared between the positive
bi-directional data input/output 451 and the positive bit line
input/output 452. Also, path 430 delivers the data_bar in/out
signal 403. If the column selector is high, transistor 425 will
be on, and the signal is shared between the negative bi-
directional data input/output 456 and the negative bit line bar
input/output 457. In some embodiments, a column select is
not required in the sense amplifier 450A, such that column
selection is performed outside of the sense amplifier 450A. In
alternate embodiments, there may be an isolation transistor
between a sense amplifier and corresponding bit lines.

[0097] FIG.5Aisatlow chart 500A illustrating a method of
storing data into an open bit line memory array, wherein
selected data is stored in memory cells in a preferred bias
condition, in accordance with one embodiment of the inven-
tion. For instance, flow chart S00A is implemented within
memory system 100A of FIG. 1A and memory arrays
300A-C of FIGS. 3A-C, in embodiments.
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[0098] At 510, the method includes receiving an input sig-
nal. For example, the input signal is delivered from a memory
controller for purposes of storing into a memory cell in a
memory array. The input signal comprises one or more exter-
nal data values, wherein the data values may further com-
prises one or more data states (e.g., electrical “0”, electrical
“17, etc.).

[0099] At 515, the method includes generating a data in
signal and a data_bar in signal based on the input signal. In
one implementation, a differential signal generator (e.g., gen-
erator 110) is configured to generate the data in signal and a
data_bar in signal. As previously described, the data_bar in
signal comprises a complement of the data in signal. More-
over, the data in signal is coupled for delivery to a bi-direc-
tional data input/output node on the positive side of a sense
amplifier, and the data_bar in signal is coupled for delivery to
a bi-directional data input/output on the negative side of the
sense amplifier. In one embodiment, the data in signal and the
data_bar in signal are coupled to the sense amplifier through
an input inverting circuit.

[0100] At520, the method includes determining an address
of a memory cell in the memory array that is identified for
storing the input signal. For instance, external address cir-
cuitry (e.g., located in a memory controller) determines the
location of the identified memory cell and outputs address
signals controlling, in part, row decoders, column decoders,
and sense amplifiers for accessing the identified memory cell.
[0101] At 525, the method includes determining whether
the address points to a memory cell of a sub-array coupled to
apositive node (e.g., positive bit line input/output node) of the
sense amplifier. In other words, the method determines which
side (e.g., A-side or B-side) of the memory array the identified
memory cell is located. In one embodiment, the address of the
memory cell includes a bit identifier indicating which side of
the memory array it is located. For instance, a portion of an
address “...011-1-0...” includes a “1” to indicate that the
memory cell is located on the A-side. On the other hand, a
similar address pointing to a similarly located memory cell,
but on the B-side may be associated with an address . . .
011-0-0 . . . ” that includes a “0” to indicate location on the
B-side. Other embodiments are well suited to other address-
ing methods and means for indicating which side of the
memory array a memory cell is located.

[0102] Whentheaddress points to a memory cell located on
the A-side sub-array (e.g., left side or A-side sub-array 380A
of FIG. 3A), the process proceeds to block 530. In particular,
the A-side sub-array is coupled to a positive node (e.g., posi-
tive bit line input/output node) of the sense amplifier. That is,
the address points to a memory cell to be written that is
coupled to a bit line that is further coupled to a positive or true
side of a corresponding sense amplifier. In this case, the
method includes inverting the data in signal before delivery to
the bi-directional data input/output node, which when acti-
vated shares the same node as the positive bit line input/output
node of the sense amplifier for purposes of storing. For illus-
tration, looking to FIG. 3A, when storing to a memory cell
located in the A-side sub-array 380A, the left path 313 is
activated by pass gate transistor 304, such that the data in
signal 301 is inverted by inverter 306, and outputted onto path
320 for delivery to the corresponding sense amplifier. The
inverted data signal is delivered to the memory array from
circuit 310 through pass gate 304 and over path 320. Further,
the sense amplifier (e.g., amplifier 350A) passes the data
signal received at the bi-directional data input/output node
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351 to the positive bit line input/output node 352 for delivery
to the selected memory cell on the A-side sub-array 380A.

[0103] Additionally, the method also includes inverting the
data_bar in signal before delivery to the bi-directional data
input/output node on the negative/right side of a correspond-
ing sense amplifier for purposes of storing. That is, when an
address points to amemory cell that is coupled to a bit line that
is further coupled to a true side (e.g., positive bit line input/
output node) of a corresponding sense amplifier, the data
input value of the data in signal is inverted to generate an
inverted data input value that is stored. For illustration, look-
ing to FIG. 3A, when storing to a memory cell located in the
A-side sub-array 380A, the left path 317 is activated by tran-
sistor 308, such that the data_bar in signal 303 is inverted by
inverter 307, and outputted onto path 330 for delivery to the
corresponding sense amplifier. The inverted data signal is
delivered to the memory array from circuit 310 through pass
gate 308 and over path 330. Further, the sense amplifier (e.g.,
amplifier 350A) internally inverts the data signal received at
the negative bi-directional data_bar input/output node 356
when sending to the positive bit line input/output node 352 for
delivery to the selected memory cell on the A-side sub-array
380A.

[0104] On the other hand, when the address points to a
memory cell located on the B-side sub-array (e.g., right side
or B-side sub-array 380B), the process proceeds to block 540.
In particular, the B-side sub-array is coupled to a negative
node (e.g., negative bit line input/output node) of the sense
amplifier. That is, the address points to a memory cell coupled
to a bit line that is further coupled to a negative side of a
corresponding sense amplifier. In this case, the method
includes passing the data in signal to the bi-directional data
input/output node on the positive side of the sense amplifier
for storing. For illustration, looking at FIG. 3A, when storing
to a memory cell located in the B-side sub-array 380B, the
right path 311 is activated by pass gate transistor 305, such
that the data in signal 301 is directly outputted onto path 320
for delivery to the corresponding sense amplifier. The passed
data signal is delivered to the memory array from circuit 310
through pass gate 305 and over path 320. Further, the sense
amplifier (e.g., amplifier 350A) internally inverts the data
signal received at the positive bi-directional data input/output
node (e.g., node 351) when sending to the negative bit line bar
input/output node (e.g., node 357) for delivery to the selected
memory cell on the B-side sub-array 380B.

[0105] Additionally, the method also includes passing the
data_bar in signal to the bi-directional data input/output node
on the negative side of a corresponding sense amplifier for
purposes of storing at 545. That is, when an address points to
amemory cell to be written that is coupled to a bit line that is
further coupled to a negative side of a corresponding sense
amplifier, the data_bar in signal is passed to the bi-directional
data input/output node on the negative side of the sense ampli-
fier. For illustration, looking to FIG. 3A, when storing to a
memory cell located in the B-side sub-array 380B, the right
path 316 is activated by transistor 309, such that the data_bar
in signal 303 is directly passed onto path 330 for delivery to
the corresponding sense amplifier. The passed data-bar signal
is delivered to the memory array from circuit 310 through
pass gate 309 and over path 330. Further, the sense amplifier
(e.g., amplifier 350A) passes the data_bar signal received at
the negative bi-directional data_bar input/output node (e.g.,
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node 356) to the negative bit line bar input/output node (e.g.,
node 357) for delivery to the selected memory cell on the
B-side sub-array 380B.

[0106] FIG.5Bis atlow chart 500B illustrating a method of
reading data from the an open bit-line memory array, wherein
selected data is stored in memory cells of the memory array in
a preferred bias condition, in accordance with one embodi-
ment of the invention. For instance, flow chart 500B is imple-
mented within memory system 100A of FIG. 1A and memory
arrays 300A-C of FIGS. 3A-C, where appropriate, in embodi-
ments.

[0107] In particular, at 550, an address of a memory cell in
the memory array is identified for reading. That is, it is deter-
mined whether the memory cell identified for reading is
coupled to a positive node of a corresponding sense amplifier.
For instance, external address circuitry (e.g., located in a
memory controller) determines the location of the identified
memory cell, and outputs address signals controlling, in part,
row decoders, column decoders, and sense amplifiers for
accessing the identified memory cell.

[0108] At 565, the method includes determining whether
the address points to a memory cell of a sub-array coupled to
a positive node (e.g., positive bit line input/output node) of a
corresponding sense amplifier. In other words, the method
determines which side (e.g., A-side or B-side) of the memory
array the identified memory cell is located. If the memory cell
is coupled to the positive node, the method proceeds to 570,
otherwise if the memory cell is not coupled to the positive
node, the method proceeds to 585.

[0109] Further, at 570, a READ operation is performed on
a memory cell located on the A-side of the memory array
(e.g., A-side sub-array 380A of FIG. 3A). That is, the method
includes receiving at the positive bit line input/output node of
the sense amplifier (e.g., node 352 of sense amplifier 350A) a
cell signal read from the corresponding memory cell. For
example, in FIG. 3A if cell 361A is selected, the cell signal is
delivered over bit line 371A to the positive bit line input/
output node 352 of sense amplifier 350A. That signal is
passed to the bi-directional data input/output node 351 for
delivery to the output inverting circuit 388 over path 320.
Also, the same cell signal is inverted (as an inverted cell
signal) internally through the sense amplifier 350A and out-
putted at the bi-directional data bar input/output node (e.g.,
node 356) on the negative side of the sense amplifier (e.g.,
amplifier 350A) for delivery to the output inverting circuit
388 over path 330.

[0110] Whatever operation was performed on the input sig-
nals by the input inverting circuit 310 must again be per-
formed on the output signals, delivered by the corresponding
sense amplifier, by the output inverting circuit 388. As such,
the memory address indicates which side of the memory array
is being read, and will determine which actions are to be taken
by the output inverting circuit 388. When the memory cell is
located on the A-side of the memory array, at 575 the method
includes inverting the data signal received from the bi-direc-
tional data input/output port of the sense amplifier to generate
a data out signal, which is delivered to the data output port for
purposes of reading. For illustration, looking to FIG. 3A,
when reading from a memory cell located on the A-side
sub-array 380A, a cell signal is delivered from the memory
cell to the positive bit line input/output node and passed to the
positive bi-directional data input/output node 351. The
passed cell signal detected at the bi-directional data input/
output node 351 of a corresponding sense amplifier (e.g.,
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amplifier 350A) is then delivered over path 320 to output
inverting circuit 388. Since the memory cell is located on the
A-side sub-array 380A, the left path 381 is activated by tran-
sistor 382, such that the passed cell signal is inverted before
being outputted as a data out signal 395. Further, the sense
amplifier (e.g., amplifier 350A) outputs an inverted cell signal
at the negative bi-directional data input/output node (e.g.,
node 356), for delivery over path 330 to the output inverting
circuit 388.

[0111] Additionally, at 580 the method includes detecting
the inverted cell signal (data signal) at the negative bi-direc-
tional data bar input/output node (e.g., node 356) on the right
side of the sense amplifier, and inverting the inverted cell
signal at an output inverting circuit to generate a data_bar out
signal, which is delivered to the data_bar output node for
purposes of reading. That is, when an address of a memory
cellto be read is coupled to a bit line that is further coupled to
a true side of a corresponding sense amplifier, a data_bar
output value of a data signal received from the negative side of
the corresponding sense amplifier is inverted to generate an
inverted data_bar output value. For illustration, looking to
FIGS. 3 and 4, an inverted cell signal detected at the bi-
directional data_bar input/output node (e.g., node 356 of
sense amplifier 350A) is then delivered over path 330 to
output inverting circuit 388. The left path 386 is activated by
transistor 387, such that the inverted cell signal is again
inverted before being outputted as a data_bar out signal 397.

[0112] Onthe other hand, ifthe read operation is performed
on a memory cell located on the right side of the open bit-line
memory array, then the method proceeds to 585. That is, at
565 it is determined that the memory cell identified for read-
ing is coupled to a bit line that is further coupled to a negative
side of a corresponding sense amplifier. At 585, a READ
operation is performed on a memory cell located on the
B-side of the memory array (e.g., B-side sub-array 380B of
FIG. 3A). That is, the method includes receiving at the nega-
tive node (e.g., negative bit line input/output node) of the
sense amplifier a cell signal read from the corresponding
memory cell. Forexample, in FIG. 3A if cell 363 A is selected,
the cell signal is delivered over bit line bar 371B to the
negative bit line bar input/output node 357 of sense amplifier
350A. That cell signal is directly passed to the negative bi-
directional data_bar input/output node 356 for delivery to the
output inverting circuit 388 over path 330. Also, the same cell
signal is internally inverted (as an inverted cell signal)
through the sense amplifier 350A and outputted at a bi-direc-
tional data input/output node (e.g., node 351) on the positive
side of the sense amplifier (e.g., amplifier 350A) for delivery
to the output inverting circuit 388 over path 320.

[0113] Whatever operation was performed on the external
data value of the input signal by the input inverting circuit 310
must again be performed on the cell signals, delivered by the
corresponding sense amplifier, by the output inverting circuit
388. As such, the address of the memory cell indicates which
side of the memory array is being read, and will determine
which actions are to be taken by the output inverting circuit
388. Since at 565 it was determined that the memory cell is
located on the B-side of the memory array, the method
includes at 590 delivering the passed cell signal detected at
the bi-directional data input/output node on the negative side
of'the sense amplifier as a data_bar out signal to the data_bar
output port for purposes of reading. For illustration, looking
to FIG. 3A, a passed cell signal detected at the negative
bi-directional data_bar input/output node (e.g., node 356) is
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then delivered over path 330 to output inverting circuit 388.
The right path 330 is activated by transistor 389, such that the
cell signal is passed directly as a data_bar out signal 397.
[0114] Additionally, at 595 the method includes detecting
the inverted cell signal at the bi-directional data input/output
node on the positive side of the sense amplifier, and passing
the inverted cell signal through the output inverting circuit to
generate a data out signal, which is delivered to the data
output node for purposes of reading. For illustration, looking
to FIG. 3A, an inverted cell signal generated at the positive
bi-directional data input/output node (e.g., node 351 of sense
amplifier 350A) is then delivered over path 320 to output
inverting circuit 388. The right path 320 is activated by tran-
sistor 384, such that the inverted cell signal is directly passed
as a data out signal 395.

[0115] FIG. 6 is a table 600 illustrating the treatment of
signals in one embodiment. Rows 610 and 615 illustrate
respectively the reading and writing of an external data 1
value and external data 0 value to a memory cell coupled to
the positive side of a sense amplifier (e.g., as in an even word
line in a folded bit line array or as in a A-side sub-array 380A
of FIG. 3A in an open bit line array). Rows 620 and 625
illustrate the reading and writing of an external 1 data value
and external data 0 value respectively to a memory cell
coupled to a negative side of a sense amplifier (e.g., as in an
odd word line in a folded bit line array or as in a B-side
sub-array 380B of FIG. 3A in an open bit line array).

[0116] In particular, an input signal having an external data
value of “1” addressed to a memory cell coupled to the posi-
tive side of a sense amplifier is treated in row 610. That is, the
external data value of “1” generates a data_in signal (having
data input value of “1”) and a complement data_bar in signal
(having data_bar input value of ““0”"). Since the memory cell is
coupled to the positive side of a sense amplifier, the input
inverting circuit inverts the data input values for both the
data_in signal and the data_bar_in signal. As such, the data
input value of “1” of the data_in signal is inverted to generate
a data signal “0”, and the data_bar input value of “0” of the
data_bar_in signal is inverted to generate a data_bar signal of
“1”. The data signal is delivered to the bi-directional data
input/output node on the positive side of the sense amplifier as
an electrical “0” and the data_bar signal is delivered to the
bi-directional data_bar input/output node on the negative side
of'the sense amplifier as an electrical “1”. The application of
these signals to the data and data_bar input/output nodes of
the sense amplifier drives the positive bit line input/output
node of the sense amplifier to a “0” which is written to a
corresponding memory cell and drives the negative bit line
input/output node of the sense amplifier to a “1”, though this
“1” signal is not written to a memory cell.

[0117] Aninput signal having an external data value of “0”
and addressed to a memory cell coupled to the positive side of
a sense amplifier is treated in row 615. That is, the external
data value of “0” generates a data_in signal (having data input
value of “0”) and a complement data_bar in signal (having
data_bar input value of “1”’). Since the memory cell is coupled
to the positive side of a sense amplifier, the input inverting
circuit inverts the data input values for both the data_in signal
and the data_bar_in signal. As such, the data input value of
“0” of the data_in signal is inverted to generate a data signal
“1” and the data_bar input value of “1” of the data_bar_in
signal is inverted to generate a data_bar signal of “0”. The
data signal is delivered to the bi-directional data input/output
node on the positive side of the sense amplifier as an electrical
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“1” and the data_bar signal is delivered to the bi-directional
data_bar input/output node on the negative side of the sense
amplifier as an electrical “0”. The application of these signals
to the data and data_bar input/output nodes of the sense
amplifier drives the positive bit line input/output node of the
sense amplifier to a “1” which is written to a corresponding
memory cell, and drives the negative bit line input/output
node of the sense amplifier to a “0”, though this “0” signal is
not written to a memory cell.

[0118] In particular, an input signal having an external data
value of “1”” addressed to a memory cell coupled to the nega-
tive side of a sense amplifier is treated in row 620. That is, the
external data value of “1” generates a data_in signal (having
data input value of “1””) and a complement data_bar in signal
(having data_bar input value of ““0”). Since the memory cell is
coupled to the negative side of a sense amplifier, the input
inverting circuit passes the data input values for both the
data_in signal and the data_bar_in signal without inversion.
As such, the data input value of “1” of the data in signal
generates a data signal “1”” and the data_bar input value of “0”
of the data_bar_in signal generates a data_bar signal of “0”.
The data signal is delivered to the bi-directional data input/
output node on the positive side of the sense amplifier as an
electrical “1” and the data_bar signal is delivered to the bi-
directional data_bar input/output node on the negative side of
the sense amplifier as an electrical “0”. The application of
these signals to the data and data_bar input/output nodes of
the sense amplifier drives the negative bit line input/output
node of the sense amplifier to a “0” which is written to a
corresponding memory cell and drives the positive bit line
input/output node of the sense amplifier to a “1”, though this
“1” signal is not written to a memory cell.

[0119] Further, an input signal having an external data
value of “0” addressed to a memory cell coupled to the nega-
tive side of a sense amplifier is treated in row 625. That is, the
external data value of “0” generates a data_in signal (having
data input value of “0”) and a complement data_bar in signal
(having data_bar input value of ““1”"). Since the memory cell is
coupled to the negative side of a sense amplifier, the input
inverting circuit passes the data input values for both the
data_in signal and the data_bar_in signal without inversion.
As such, the data input value of “0” of the data in signal
generates a data signal “0” and the data_bar input value of “1”
of the data_bar_in signal generates a data_bar signal of “1”.
The data signal is delivered to the bi-directional data input/
output node on the positive side of the sense amplifier as an
electrical “0” and the data_bar signal is delivered to the bi-
directional data_bar input/output node on the negative side of
the sense amplifier as an electrical “1”. The application of
these signals to the data and data_bar input/output nodes of
the sense amplifier drives the negative bit line input/output
node of the sense amplifier to a “1” which is written to
memory cell and drives the positive bit line input/output node
of the sense amplifier to a “0”, though this “0” signal is not
written to a memory cell.

[0120] FIGS. 7-8 in combination are circuit diagrams and
flow diagrams illustrating a folded bit-line architecture
memory array in a memory system that is configured to store
selected data in memory cells of a memory array in a pre-
ferred bias condition, in embodiments of the present inven-
tion. Also, the systems and methods disclosed in FIGS. 7-8
are implemented within memory system 100A of FIG. 1A
and by the flow diagrams 200A-B of FIGS. 2A-B, in embodi-
ments of the present invention.
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[0121] In particular, FIG. 7 is an exemplary layout of a
folded bit line memory array 700 that is configured to store
selected data in memory cells in a preferred bias condition,
wherein input signals are delivered to the memory array 700
with an expected bias, in accordance with one embodiment of
the invention. As an example, memory array 700 is imple-
mentable within memory system 100A of FIG. 1A.

[0122] Additionally, memory array 700 includes a plurality
of memory cells, each of which is associated with a preferred
bias condition, as previously described. For example, and for
purposes of illustration, in the implementation of a DDR
SDRAM memory cells in the memory array 700, a preferred
bias condition is the default state, or an electrical “0”, which
provides greater immunity to data loss due to noise, soft error
rates, leakage, and other non-defect factors that could impact
data integrity. It should be noted that the embodiments
described in this patent also apply to different configurations,
for example where a sense amplifier is shared with a plurality
of arrays using isolation devices serving multiplexing func-
tions.

[0123] As shown in FIG. 7, a data in/out signal 701 is
delivered to an input/output inverting circuit 750. Also, a
data_bar in/out signal 703 is delivered to the input/output
inverting circuit 750. In one embodiment, the input/output
inverting circuit 750 either inverts or passes the data in/out
signal 701 and data_bar in/out signal 703 through the appro-
priate circuit path depending on whether the address points to
a cell that is coupled to the bit line or the bit line bar, as will
be further described in relation to FIG. 8. In another embodi-
ment, the input/output inverting circuit 750 either inverts or
passes the data in/out signal 701 and/or data_bar in/out signal
703 through the appropriate circuit path depending on which
word line (for example, even or odd) that is activated for a
given memory cell to which the original input signal is
assigned for storage, as described in relation to FIGS. 6 and 8.
The input/output inverting circuit 750 receives a control sig-
nal vianode 753 that is delivered from an address decoder that
instructs the input/output inverting circuit 750 whether or not
to invert a received signal intended for storing, or as an output.
[0124] Signals from the input/output inverting circuit 750
are delivered to a plurality of sense amplifiers that are coupled
to memory cells through word line transistors that are enabled
by word line drivers (not shown) in the memory array 700 for
selection of a particular memory cell for purposes of perform-
ing WRITE and READ operations. In the folded bit line
memory array 700, each word line is coupled to a memory
transistor on every other bit line. As such, each sense ampli-
fier reads data presented on bit lines or bit bar lines from the
same memory array 700. Sense amplifiers may be configured
in memory array 700 in varying manners, in various embodi-
ments. For instance, sense amplifier 710 operates in the same
manner as one of the plurality of sense amplifiers 350 of FIG.
3A.

[0125] For simplicity and purposes of illustration, only one
sense amplifier 710 is shown that is coupled to bit line 720A
and bit line bar 720B. The positive bit line input/output node
713 of the sense amplifier 710 is coupled to bit line 720A and
the negative node 714 is coupled to the bit line bar 720B. For
instance, the positive bit line input/output node 713 delivers
data values generated from the data in signal and data_bar in
signal to the bit line 720A after manipulation by the input/
output inverting circuit 750. Bit line 720A is coupled to
transistors 731 and 732, a pair that share a bit line contact.
Also, the negative bit line bar input/output node 714 delivers
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data values generated from the data in signal and data_bar in
signal after manipulation by the input/output inverting circuit
750. Bitline bar 720B is coupled to memory cells 736 and 737
that also share a bit line contact. Additional transistors may be
coupled to bit line 720A and bit line bar 720B.

[0126] Addressing circuitry (not shown) controls column
decoders to select a sense amplifier 710 and address a corre-
sponding pair of bit lines. More particularly, row decoders
and column decoders (including sense amplifiers) are used to
selectably access memory cells in either of the bit line or bit
line bar in response to address signals provided by an external
controller (e.g., memory controller). For instance, column
select node 790 receives an input indicating whether the sense
amplifier 710 should communicate with the data in/out and
data_bar in/out signals that are coupled to nodes 717 and 718.
[0127] Each of the rows includes a corresponding word
line, wherein word lines are used to select a particular row of
memory cells in memory array 700 by activating FETs in that
particular row for purposes of writing, reading, and erasing.
For instance, word line WLO0 is used to access multiple
memory cells (including cell 731), WL1 is used to access
multiple memory cells (including cell 736), WL2 is used to
access multiple memory cells (including cell 732), and WL3
is used to access multiple memory cells (including cell 737).
Word lines are paired in association with one of a pair of bit
lines (e.g., bit line 720A or bit line bar 720B). For instance,
word lines including WLO and WL.2, as even word lines, are
associated respectively with memory cells, including cell 731
(coupled to WL0) and cell 732 (coupled to WL.2), such that
each memory cell is accessed via bit line 720A. Also, word
lines including WLL1 and WL3, as odd word lines, are asso-
ciated with memory cells, including cell 736 (coupled to
WL1) and cell 737 (coupled to WL3), such that each memory
cell is accessed via bit line bar 720B.

[0128] The input/output inverting circuit 750 also manipu-
lates data read from the memory cells appropriately, depend-
ing on whether the associated memory cell is accessed using
a bit line or a bit line bar. Correspondingly, data read from a
memory cell is manipulated depending on which word line
(e.g., even or odd) is used to access the corresponding
memory cell. That is, the signal read from a memory cell will
be manipulated in the same manner (e.g., inverted or passed)
in the same manner that the input signal was manipulated.
[0129] FIG. 8Aisatlow chart 800A illustrating a method of
storing data into a folded bit line memory array, wherein
selected data is stored in memory cells in a preferred bias
condition, in accordance with one embodiment of the inven-
tion. For instance, flow chart 800A is implemented within
memory system 100A of FIG. 1A and memory arrays
300A-C of FIGS. 3A-C, where appropriate, in embodiments.
[0130] At 810, the method includes receiving an input sig-
nal comprising one or more external data values, wherein the
data values may comprise one or more data states (e.g., elec-
trical “0”, “1”, etc.). For example, the input signal is delivered
from a memory controller for purposes of storing into a
memory cell of an array. At 815, the method includes gener-
ating a data in signal and a data_bar in signal based on the
input signal. In one implementation, a differential signal gen-
erator (e.g., generator 110) is configured to generate the data
insignal and adata_bar in signal. As previously described, the
data_bar in signal comprises a complement of the data in
signal. Moreover, the data in signal is coupled for delivery to
apositive side of a sense amplifier, and the data_bar in signal
is coupled for delivery to a negative side of the sense ampli-



US 2016/0189765 Al

fier. In one embodiment, the data in signal and the data_bar in
signal are coupled to the sense amplifier through an input
inverting circuit.

[0131] At 820, the method includes determining an address
of a memory cell in the memory array that is identified for
storing the input signal. For instance, external address cir-
cuitry (e.g., located in a memory controller) determines the
location of the identified memory cell and outputs address
signals controlling, in part, row decoders, column decoders,
and sense amplifiers for accessing the identified memory cell.
[0132] At 825, the method includes determining whether
the address points to a memory cell thatis coupled to a bit line
that is further coupled to a positive node of the corresponding
sense amplifier. For instance, if it is determined that the
address points to a memory cell coupled to an even word line
and the corresponding bit line is coupled to the positive side
bit line input/output node of the sense amplifier, the process
proceeds to block 830.

[0133] At 830, the method includes inverting the data input
value of the data in signal before delivery to the positive
bi-directional data input/output node of the sense array for
purposes of storing. Further, at 835 the method includes
inverting the data_bar input value of the data_bar in signal
before delivery to the negative bi-directional data input/out-
put node of the sense amplifier for purposes of storing to a
memory cell accessed by an even word line. For illustration,
lookingto FIG. 7 the input/output inverting circuit 750 inverts
a data in/out signal 701 before delivery to the positive bi-
directional data input/output node 717. The inverted data in
signal is outputted at positive bit line input/output node 713
for purposes of storing to a memory cell accessed by an even
word line. Also, the input/output inverting circuit 750 inverts
a data_bar in/out signal 703 before delivery to the negative
bi-directional data_bar input/output node 718. The inverted
data_bar in signal is internally inverted within the sense
amplifier 710, and then outputted at the positive bit line input/
output node 713 for purposes of storing to a memory cell
accessed through an even word line.

[0134] On the other hand, when the address points to a
memory cell that is coupled to a bit line bar line which is
further coupled to the negative side of a sense amplifier, the
process proceeds to block 840. In other words, when the
address indicates that the memory cell is accessed using an
odd word line and corresponding bit line bar, the process
proceeds to block 840.

[0135] Inparticular, at 840 the method includes passing the
data in signal through the input inverting circuit and deliver-
ing the passed data in signal to the positive bi-directional data
input/output node of the corresponding sense amplifier. The
passed data in signal is internally inverted within the sense
amplifier before being outputted at the negative bit line bar
input/output node for purposes of storing to a memory cell
accessed by a corresponding odd word line. Further, at 845,
the method includes passing the data_bar in signal through
the input inverting circuit and delivering the passed data_bar
in signal to the negative bit line bar input/output node for
purposes of storing to a memory cell accessed by a corre-
sponding odd word line. For illustration, looking to FIG. 7,
the input/output inverting circuit 750 passes the data in/out
signal 701 to the positive bi-directional data input/output
node 717, and passes the data_bar in/out signal 703 to the
negative bi-directional data bar input/output node 718, for
purposes of storing to amemory cell accessed by an odd word
line.
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[0136] FIG. 8B is a flow chart 800B illustrating a method of
reading data from a folded bit-line memory array, wherein
selected data is stored in memory cells of the memory array in
a preferred bias condition, in accordance with one embodi-
ment of the invention. For instance, flow chart 800B is imple-
mented within memory system 100A of FIG. 1A and memory
arrays 300A-C of FIGS. 3A-C, where appropriate, in embodi-
ments.

[0137] In particular, at 850, an address of a memory cell in
the memory array is identified for reading. That is, it is deter-
mined whether the memory cell identified for reading is
coupled to a bit line or to a bit line bar. For instance, external
address circuitry (e.g., located in a memory controller) deter-
mines the location of the identified memory cell, and outputs
address signals controlling, in part, row decoders, column
decoders, and sense amplifiers for accessing the identified
memory cell.

[0138] At 855, the method includes determining whether
the address points to a memory cell of a sub-array coupled to
a bit line that is further coupled to a positive bit line input/
output node of the sense amplifier. In other words, the method
determines whether the memory cell is coupled to an even or
odd word line. Ifthe memory cell is coupled to the positive bit
line input/output node of the sense amplifier, the method
proceeds to 860, otherwise if the memory cell is not coupled
to the positive input/output node, the method proceeds to 870.
[0139] Also, at 860, a READ operation is performed on a
memory cell thatis coupled to a bit line. More particularly, the
memory cell (e.g., memory cell 731) is accessed through an
even word line (e.g., WL0) and corresponding bit line (e.g.,
bit line 720A). That is, the method includes detecting at the
positive bi-directional bit line input/output node 713 of the
sense amplifier a signal read from the corresponding memory
cell that is accessed through an even word line and corre-
sponding bit line. For example, in FIG. 7 if cell 731 is
selected, a cell signal is delivered over bit line 720 A from cell
731 to the positive bit line input/output node 713 of sense
amplifier 710. That cell signal is passed to the positive bi-
directional data input/output node 717 for delivery to the
input/output inverting circuit 750. Also, the same cell signal is
inverted in the sense amplifier 710 and outputted at negative
bi-directional data_bar input/output node 718 for delivery to
the input/output inverting circuit 750.

[0140] Whatever operation was originally performed on
the input signals by the input/output inverting circuit 750
must again be performed on the output signals, as delivered
by the corresponding sense amplifier by the input/output
inverting circuit 750. As such, when the memory cell is
accessed through an even word line and corresponding bit
line, at 865 the method includes inverting the cell signal
detected at the positive bi-directional data input/output node
of the sense amplifier to generate a data out signal, which is
delivered to the data output port for purposes of reading. For
illustration, looking to FIG. 7, a cell signal detected at the
positive bit line input/output node 713 and passed on to posi-
tive bi-directional data input/output node 717 in the sense
amplifier 710, is then delivered to input/output inverting cir-
cuit 750. The passed cell signal is inverted in the input/output
inverting circuit 750 before being outputted as a data in/out
signal 701.

[0141] Additionally, at 867 the method includes generating
an inverted cell signal at the negative bi-directional data_bar
input/output node of the sense amplifier. The inverted cell
signal is inverted through the input/output inverting circuit to
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generate a data_bar out signal, which is delivered to the
data_bar output port for purposes of reading. For illustration,
looking to FIG. 7, a cell signal detected at the positive bit line
input/output node 713 is outputted as an inverted cell signal at
the negative bi-directional data_bar input/output node 718,
and the inverted cell signal is delivered to input/output invert-
ing circuit 750. The inverted cell signal is again inverted in the
input/output inverting circuit 750 before being outputted as a
data_bar out signal.

[0142] On the other hand, if the READ operation is per-
formed on a memory cell accessed through an odd word line
and corresponding bit line bar (of a corresponding bit line
pair) in the folded bit line memory array, then the method
proceeds to 870. That is, at 850, it is determined that the
memory cell identified for reading is coupled to a bit line bar
that is further coupled to a negative side of a corresponding
sense amplifier. At 870, a READ operation is performed on a
memory cell (e.g., memory cell 736) accessed through a bit
line bar (e.g., 720B) and a corresponding odd word line (e.g.,
WL1). That is, the method includes detecting at the negative
bit line bar input/output node (e.g., node 714) of the sense
amplifier a signal read from the corresponding memory cell.
For example, in FIG. 7 if cell 736 is selected, the signal is
delivered over bit line bar 720B to the negative bit line bar
input/output node 714 of sense amplifier 710. That cell signal
is passed to the negative bi-directional data_bar input/output
node 718 for delivery to the input/output inverting circuit 750.
Also, the same cell signal is inverted in the sense amplifier
710 and outputted at the positive bi-directional data input/
output node 717 for delivery to the input/output inverting
circuit 750.

[0143] Whatever operation was performed on the external
data values of the input signal by the input/output inverting
circuit 750 when storing to a memory cell must again be
performed on the output signals, delivered by the correspond-
ing sense amplifier, by the input/output inverting circuit 750.
As such, when the memory cell is accessed through a bit line
bar and corresponding odd word line, at 875 the method
includes passing the passed cell signal, detected at the nega-
tive bi-directional data input/output node of the sense ampli-
fier, through the inverting circuit to generate a data_bar out
signal, which is delivered to the data_bar output port for
purposes of reading. For illustration, looking to FIG. 7, a cell
signal detected at the negative bit line bar input/output node
714 is outputted as a passed cell signal at the negative bi-
directional data_bar input/output node 718, and the passed
cell signal is delivered to and passed through the input/output
inverting circuit 750 before being outputted as a data_bar out
signal.

[0144] Additionally, the method includes generating an
inverted cell signal at the positive bi-directional data input/
output node of the sense amplifier, and passing the inverted
cell signal through the input/output inverting circuit to gen-
erate a data out signal, which is delivered to the data output
port for purposes of reading. For illustration, looking to FIG.
7,acell signal detected at the negative bit line bar input/output
node 714 is outputted as an inverted cell signal detected at
positive bi-directional data input/output node 717, and the
inverted cell signal is delivered to and passed through the
input/output inverting circuit 750 before being outputted as a
data out signal.

[0145] Thus, according to embodiments of the present
invention, bit cell topographies are disclosed that are config-
ured to optimize data retention and soft error rate immunity
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based on an expectation that more cells are presented for
storing to a memory cell (e.g., DRAM) as a first state, but are
stored into the memory array in a second state.

[0146] While the foregoing disclosure sets forth various
embodiments using specific block diagrams, flow charts, and
examples, each block diagram component, flow chart step,
operation, and/or component described and/or illustrated
herein may be implemented, individually and/or collectively.
In addition, any disclosure of components contained within
other components should be considered as examples because
many other architectures can be implemented using the
inventive principles described herein. For example, for clarity
most switches and pass gates have been illustrated with
N-channel devices. With the appropriate logic control,
P-channel devices could be used instead or in addition.

[0147] The process parameters and sequence of steps
described and/or illustrated herein are given by way of
example only and can be varied as desired. For example,
while the steps illustrated and/or described herein may be
shown or discussed in a particular order, these steps do not
necessarily need to be performed in the order illustrated or
discussed. The various example methods described and/or
illustrated herein may also omit one or more of the steps
described or illustrated herein or include additional steps in
addition to those disclosed.

[0148] The foregoing description, for purpose of explana-
tion, has been described with reference to specific embodi-
ments. However, the illustrative discussions above are not
intended to be exhaustive or to limit the invention to the
precise forms disclosed. Many modifications and variations
are possible in view ofthe above teachings. The embodiments
were chosen and described in order to best explain the prin-
ciples of the invention and its practical applications, to
thereby enable others skilled in the art to best utilize the
invention and various embodiments with various modifica-
tions as may be suited to the particular use contemplated.
[0149] Embodiments according to the invention are thus
described. While the present disclosure has been described in
particular embodiments, it should be appreciated that the
invention should not be construed as limited by such embodi-
ments, but rather construed according to the below claims.

What is claimed:
1. A method of providing a dynamic random access
memory (DRAM) integrated circuit, comprising:
providing an external signal interface, comprising:
a plurality of interface circuits, wherein:
each interface circuit is adapted to be coupled to an
external signal line for the input and output of
binary external data, wherein a first voltage range
on the external signal line corresponds to a first
binary logic state and a second voltage range on the
external signal line corresponds to a second binary
logic state, and
the logic polarity of the external data is statistically
distributed to favor the first binary logic state;
providing a memory array, comprising:
a plurality of memory cells, wherein:
each memory cell comprises a data storage capacitor,
wherein charging the capacitor to a third voltage
range corresponds to a third binary logic state and
charging the capacitor to a fourth voltage range
corresponds to a fourth binary logic state,
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the leakage current in each memory cell is substan-
tially larger when its capacitor charged to the third
voltage range, and
the leakage current in each memory cell is substan-
tially smaller when its capacitor charged to the
fourth voltage range; and
providing a plurality of selective inversion circuits coupled
between the plurality of interface circuits and the
memory array and adapted to minimize the leakage cur-
rent of the memory array, wherein:
external data is stored in the array such that data in the
first binary logic state is stored in each memory cell as
the fourth binary logic state and the second binary
logic state is stored in a memory cell as the third
binary logic state.
2. The method of providing a DRAM integrated circuit of
claim 1, further comprising:
providing a plurality of sense amplifier circuits coupled
between the plurality of selective inversion circuits and
the memory array; and
providing a plurality of output selective inversion circuits
coupled to the plurality of sense amplifier circuits,
wherein:
the selective inversion circuits provide external data in
differential format to the sense amplifier circuits dur-
ing a write memory access, and
the sense amplifier circuits provide stored data in differ-
ential format to the output selective inversion circuits
during a read memory access.
3. The method of providing a DRAM integrated circuit of
claim 2, further comprising:
providing an address path coupled to the memory array, the
plurality of selective inversion circuits, and the plurality
of output selective inversion circuits, wherein:
the address path selects a portion of the plurality of
memory cells for a memory access,
the selective inversion of the external data is determined
by the address path, and
the selective inversion is the same for both read memory
accesses and write memory accesses to the same
selected portion of the plurality of memory cells.
4. The method of providing a DRAM integrated circuit of
claim 3, wherein:
the first and second binary states correspond to a single
high-low pair representing a binary bit on an external
signal line; and
the third and fourth binary states correspond to a single
high-low pair representing a single binary bit stored in a
memory cell.
5. The method of providing a DRAM integrated circuit of
claim 4, wherein:
the first binary logic state corresponds to a logic high state
and the second binary state corresponds to a logic low
state.
6. The method of providing a DRAM integrated circuit of
claim 4, wherein:
the third binary logic state corresponds to a logic high state
and the fourth binary state corresponds to a logic low
state.
7. A method of providing a dynamic random access
memory (DRAM) integrated circuit, comprising:
providing an external signal interface, comprising:
a plurality of interface circuits, wherein:
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each interface circuit is adapted to be coupled to an
external signal for the input and output of external
binary data, wherein a first voltage range corre-
sponds to a first binary logic state and a second
voltage range corresponds to a second binary logic
state, and
the logic polarity of the external binary data is distrib-
uted to favor statistically the first binary logic state;
providing a memory array, comprising:
a plurality of memory cells organized into rows and
columns, wherein:
each memory cell comprises a data storage capacitor,
wherein charging the capacitor to a third voltage
range corresponds to a third binary logic state and
charging the capacitor to a fourth voltage range
corresponds to a fourth binary logic state,
the leakage current in each memory cell is substan-
tially larger when its capacitor charged to the third
voltage range, and
the leakage current in each memory cell is substan-
tially smaller when its capacitor charged to the
fourth voltage range,
a plurality of positive and negative bit line pairs each
associated with one column, wherein:
each memory cell is coupled to only one bit line,
an equal number of memory cells are coupled to each
bit line, and
the positive and negative bit lines in a bit line pair are
adapted to transmit data to and from the memory
cells differentially in positive and negative binary
logic polarity respectively, and
a plurality of positive and negative word lines running
parallel to the rows of memory cells, wherein:
each memory cell is coupled to only one word line,
positive word lines are coupled to memory cells
which are coupled to positive bit lines, and
negative word lines are coupled to memory cells
which are coupled to negative bit lines;
providing a plurality of sense amplifiers coupled between
the plurality of interface circuits and the array of
memory cells, wherein:
each sense amplifier is associated with one column, and
each sense amplifier comprises a positive node coupled
to the associated positive bit line and a negative node
coupled to the associated negative bit line; and
providing a control circuit, comprising:
an address decoder circuit coupled to the plurality of
word lines, and
a plurality of selective inversion circuits coupled to the
address decoder and further coupled between the plu-
rality of interface circuits and the plurality of sense
amplifiers and adapted to minimize the leakage cur-
rent of the memory array, wherein:
the address decoder selects a word line for a write
memory access,
if the selected word line is a positive word line, then
the external binary data is inverted by the selective
inversion circuits and stored in the array such that
the first binary logic state is stored in each accessed
memory cell as the fourth binary logic state and the
second binary logic state is stored in each accessed
memory cell as the third binary logic state, and
if the selected word line is a negative word line, then
the external binary data is not inverted by the selec-
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tive inversion circuits and stored in the array such
that the first binary logic state is stored in each
accessed memory cell as the fourth binary logic
state and the second binary logic state is stored in
each accessed memory cell as the third binary logic
state.
8. The method of providing a DRAM integrated circuit of
claim 7, wherein:
the first and second binary states correspond to a single
high-low pair representing a binary bit on an external
signal line; and
the third and fourth binary states correspond to a single
high-low pair representing a single binary bit stored in a
memory cell.
9. The method of providing a DRAM integrated circuit of
claim 8, wherein:
the first binary logic state corresponds to a logic high state
and the second binary state corresponds to a logic low
state.
10. The method of providing a DRAM integrated circuit of
claim 8, wherein:
the third binary logic state corresponds to a logic high state
and the fourth binary state corresponds to a logic low
state.



