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A memory array configuration of memory cells that allows
simultaneous read and refresh of the memory cells includes
M rows and N columns of memory cells. each row being
arranged into a top half-row of N/2 memory cells corre-
sponding to each odd-numbered column and a bottom
half-row of N/2 memory cells corresponding to each even-
numbered column. Each memory cell in the top half-row has
a write column node coupled to a respective write column
line. a read column node coupled to a respective read
column line, a write row node coupled to a respective first
write row line, and a read row node coupled to a respective
read row line. Each memory cell in the bottom half-row has
a write column node coupled to a respective write column
line. a read column node coupled to a respective read
column line, a write row node coupled to arespective second
write row line, and a read row node coupled to a respective
read row line. A row of N/2 charge sensing amplifiers each
has a first input coupled to an odd-numbered write column
line and a second input coupled to a next even-numbered
write column. A row of N current/voltage sensing amplifiers
each has an input coupled to one of the read column lines
and an output for providing a digital signal.
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SIMULTANEOUS READ AND REFRESH OF
DIFFERENT ROWS IN A DRAM

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissne specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

This invention relates generally to a memory array con-
figuration and more particularly to a memory array configu-
ration that allows simultancous read and refresh of the
memory cells in the array.

In a dynamic random access memory (“DRAM?”), data is
stored as a logic one or zero by the presence or absence of
charge on a capacitor within an individual memory cell.
After the data has been stored as charge on the capacitor, the
charge gradually leaks off and the data is corrupted.
Therefore. a “refresh” cycle must be performed to maintain
the integrity of the data. To refresh data in a memory array.
the array is typically placed in a read mode to obtain the
present data stored in a row of memory cells. Subsequently.
this data is used as new input data that is re-written into the
row of memory cells, thus maintaining the stored data. An
important aspect of the refresh cycle of prior art DRAMs is
that a normal read operation must be performed on the row
that is being refreshed. No other operation involving a
different row in the array can occur simultaneously during
the read operation.

A functional block diagram of a typical DRAM, the
MT4C4003 1 megabitx4 DRAM manufactured by Micron
Technology. Inc. of Boise, Id., is shown in FIG. 1. The
DRAM memory contains approximately 4 megabits orga-
nized into four 1 megabit memory arrays 10A-10D. Circuit
block 50 includes sense amplifiers coupled to each column
within the memory array to transform charge on the capaci-
tor in the memory cell into a valid logic one or zero. During
read and write cycles, each bit in one of the four memory
arrays is uniquely addressed through twenty address bits that
are entered ten bits (A0—A9) at a time. The RAS signal (row
address strobe) latches the first ten bits and the CAS signal
(column address strobe) latches the latter ten bits. A read or
write cycle is initiated with the WE signal (write enable).
The four data inputs/outputs (DQ1-DQ4) are routed through
four pins using a common input/output bus controlled by the
WE signal and an OE signal (output enable).

In the DRAM of FIG. 1. three types of refresh cycles are
available. Two of the cycles involve a specific address
provided by the user, along with appropriate RAS and/or
CAS signals. A third, “hidden” refresh cycle automatically
and internally refreshes the data sequentially in the memory
arrays. The hidden refresh cycle is initiated by an appropri-
ate combination of the RAS and CAS signals without
specifying an address. However. none of the three refresh
cycles allows the user of the DRAM to accomplish any other
functions involving different rows within the array while the
combination read/refresh cycles are being performed.

Accordingly. a need remains for a memory array configu-
ration that allows a simultaneous read cycle of the memory
cells in one row of the memory array and a refresh cycle of

the memory cells in another row of the memory array to
decrease access time to the stored data.

SUMMARY OF THE INVENTION

It is. therefore, an object of the invention to improve
access time to stored data within a memory airay.
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Another object of the invention is to provide a memory
array configuration capable of a read operation on one row
of the array while performing a simultaneous refresh opera-
tion on a different row within the array.

According to the present invention. a memory array
configuration of memory cells that allows simultaneous read
and refresh of the memory cells includes M rows and N
columns of memory cells arranged in a folded architecture.
Each row is arranged into a top half-row of N/2 memory
cells corresponding to each odd-numbered column and a
bottom half-row of N/2 memory cells corresponding to each
even-numbered column. Each memory cell in the top half-
row has a write column node coupled to a respective write
column line. a read column node coupled to a respective
read column line. a write row node coupled to a respective
first write row line. and a read row node coupled to a
respective read row line. Each memory cell in the bottom
half-row has a write column node coupled to a respective
write column line, a read column node coupled to a respec-
tive read column line. a write row node coupled to a

respective second write row line, and a read row node
coupled to a respective read row line. A row of N/2 charge

sensing amplifiers each has a first input coupled to an
odd-numbered write column line and a second input coupled
to a next even-numbered write column. A row of N current/
voltage sensing amplifiers each has an input coupled to one
of the read column lines and an output for providing a digital
signal.

In operation. one of the entire rows of memory cells is
read-selected, which transfers charge in the memory cells to
the respective read column node and read column line. The
current/voltage sensing amplifiers respectively coupled to
the read column node of each of the memory cells trans-
forms the charge into a valid logic signal to complete a
normal read operation. Simultancously during the read
operation, each of the write column lines is normalized to a
reference level that is halfway between the logic one and
zero charge levels. A second half-row of memory cells is
write-selected. which transfers charge in the memory cells to
the respective write column node and write column line. In
the present memory array configuration, a pair of write
column lines contains a charge from the memory cell. and
the other write column line in the pair retains the reference
level. Therefore, the charge amplifiers force complementary
valid logic levels on each successive pair of write column
lines responsive to the charge difference in the write column
lines to simultaneously refresh the second half-row while the
first half-row is being read. The first and second half-rows
are entirely separate and need not be adjacent in the array.

The foregoing and other objects. features and advantages
of the invention are more readily apparent from the follow-
ing detailed description of a preferred embodiment of the
invention that proceeds with reference to the accompanying

drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a functional block diagram of a typical DRAM;

FIG. 2 is a block diagram of a memory array configuration
of the present invention;

FIG. 3 is a more detailed block/schematic diagram of the
memory array of FIG. 2;

FIG. 4 is a schematic diagram of a prior art charge sensing
amplifier suitable for use in the present invention; and

FIG. § is a schematic diagram of a prior art current/
voltage sensing amplifier suitable for use in the present
invention.
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DETAILED DESCRIPTION

Referring now to FIG. 2. a memory array 10 configuration
of memory cells 20 that allows simultaneous read and
refresh of the memory cells includes M rows R1-RM (only
the first three rows are depicted) and N columns of memory
cells C1-CN (only the first six columns are depicted). The
numbers M and N are integers greater than 1. according to
the size of the memory array 10 required. For example, in
the 4 megabit DRAM of FIG. 1, M and N are both equal to
1024. As in most dual-port memory cell arrays. the array
contains a write column line. designated WC, corresponding
to each column and a read column line. designated RC,
corresponding to each column. Similarly, the array contains
a read row line, designated RR. corresponding to each row.
However, unlike most dual-port memory cell arrays. each
row contains two write row lines, designated WRA and
WRB. corresponding to each row.

Each row R1-RM is arranged into a top half-row of N/2
memory cells corresponding to each odd-numbered column
Cl1. C3. ... CN-1. and a bottom half-row of N/2 memory
cells corresponding to each even-numbered column C2, C4,
.. . CN 1n a folded architecture. In the present invention., it
1s desirable that each of the memory cells 20 comprises a
non-destructive read two-port type memory cell. Each

memory cell 1n the top half-row has a write column node
coupled to the respective write column line WC, a read

column node coupled to the respective read column line RC,
a write row node coupled to the respective first write row
line WRA. and a read row node coupled to the respective
read row line RR. Each memory cell in the bottom half-row
has a write column node coupled to the respective write
column line WC, a read column node coupled to the
respective read column line RC. a write row node coupled
to the respective second write row line WRB, and a read row
node coupled to the respective read row line RR.

Referring now to FIG. 3. the first four columns C1-C4 of
the array 10 are depicted and the first two rows of the array
are depicted. Each half-row is labeled. For example. the first
row is labeled R1A and R1B designating the top and bottom
half-rows. A row of N/2 charge sensing amplifiers 22 has a
first input coupled to an odd-numbered write column line
and a second input coupled to a next even-numbered write
column. A row of N current/voltage sensing amplifiers 24 in
circuit block 50 has an input coupled to one of the read
column lines and an output 28 for transforming the charge
on the read column line into a valid digital signal. The row
of N current/voltage sensing amplifiers 24 sense the voltage
drop across (or the current flow through) a row of N
P-channel pull-up transistors 26.

Referring now to FIG. 4. a charge sensing amplifier 22
suitable for use in the present invention includes a differ-
ential strobe input for selectively enabling and disabling
charge amplification. Taking the STROBE signal to a logic
one ¢nables the amplification of the charge sensing amplifier
22. Amplifier 22 includes first and second P-channel tran-
sistors 42 and 43. The sources of transistors 42 and 43 are

coupled together and to the positive supply voltage, VCC.
typically equal to five volts, through the P-channel strobe
transistor 41. The P-channel strobe transistor 41 is energized
with an inverted STROBE signal. Amplifier 22 further
includes third and fourth N-channel transistors 44 and 45.
The sources of transistors 44 and 4S5 are coupled together
and to a negative supply voltage or ground (GND), through
the N-channel strobe transistor 46. The N-channel strobe
transistor 46 is energized with a non-inverted STROBE
signal. The drains of the first and third transistors 42 and 44

10

15

20

25

30

335

43

S0

35

65

4

and the gates of the second and fourth transistors 43 and 45
are coupled together to form the first input, WC1. The drains
of the second and fourth transistors 43 and 45 and the gates
of the first and third transistors 42 and 44 are coupled

together to form the second input., WC2.

In operation, small changes in charge on the word column
lines establish a small positive or negative voltage differen-
tial across the inputs to the charge sensing amplifier 22. The
small change is amplified by the positive feedback configu-
ration of the amplifier, which ultimately establishes a full,
valid logic level at the inputs. A logic one appears at the
input that was originally slightly more positive than the
other input, and, conversely, a logic zero appears at the input
that was originally slightly more negative than the other
input.

Referring now to FIG. 5. a current/voltage sensing ampli-
fier 24 suitable for use in the present invention includes a
differential load formed by P-channel transistors 31 and 32.
The gate and drain of transistor 31 are coupled together to
form a first node and the drain of transistor 32 forms a
second nodes. First and second N-channel transistors 33 and
34 form a differential voltage amplifier wherein the sources
are coupled together and receive a bias current provided by
N-channel transistor 35. The drains of the first and second
transistors 33 and 34 are respectively coupled to the first and

second nodes of the differential load 31. 32 to provide gain
for the amplifier 24. The gate of the first transistor 33 forms

the input, RC, the drain of the second transistor 34 forms the
output 28, and the gate of the second transistor 34 is coupled
to a reference voltage source. VREF, which can be between
VCC-VT and VCC/2. The gates of transistors 33 and 34 are
interchangeable, but the polarity of the output 28 is then
inverted.

Referring back to FIG. 3. a read operation is convention-
ally performed by read-selecting an entire row and reading
data out at the output 28 of the voltage sensing amplifiers 24.
Read-selection of one of the entire row of memory cells is
typically accomplished by coupling the read row line RR of
the entire row to a logic low to couple charge from the
memory cell 20 to the respective read column line RC. The
respective write row lines WRA or WRB are coupled to a
logic low to prevent new data from being read into the
memory cells and corrupting the data during the read
operation. The polarity of the read and write row lines is
typically taken low for enabling the reading of data and
preventing the writing of data. However, these polarities
may be different in some types of dual-port memory cells.

Simultaneously, during the reading operation of the first
half-row of memory cells, another half-row is write-selected
tn order to refresh the data in the memory cells. During a
read operation, each of the write column lines is normalized
to a reference level, usually VCC/2, or 2.5 volts. A second
half-row of memory cells is write-selected in order to share
stored charge in the memory cell with a corresponding write
column line. Write-selection of one of the half-rows of
memory cells is typically accomplished by coupling the
write row line WRA or WRB to a logic high. Thus, a small
incremental voltage is produced on a pair of write column
lines. One of the pair of write column lines remains at the
reference level, while the other of the pair is slightly more
negative or positive depending upon the polarity of the data
in the memory cell 20. The charge sensing amplifiers 22
coupled between the pair of write column lines force
complementary valid logic levels on successive pairs of
write column lines responsive to the charge difference in the
write column lines. The charge sensing amplifiers are
enabled through the STROBE signal during the simulta-
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neous read and refresh operation. Once a valid logic level is
established. this level restores the data in the memory cell

through the write column node of the memory cell 20.

Although the present invention allows the user to read an
entire row while selecting another half-row to refresh, it is
apparent that the same row can be read and refreshed. As
before. each of the write column lines are normalized to the
reference level during the read operation. However, the
current half-row of memory cells cannot be refreshed until
the current/voltage sense amplifiers 24 settle. Therefore, the
refresh cycle is delayed for a time to permit the current/
voltage sense amplifiers to settle. After the current/voltage
sensing amplifiers 24 have settled. the same half-row of
memory cells is write-selected to share stored charge with
the write column line. The charge sensing amplifiers 22 are
enabled which forces complementary valid logic levels on
the successive pairs of write column lines responsive to the
charge difference in the write column lines. The same
half-row is therefore refreshed after completing a read
operation.

Having described and illustrated the principles of the
invention in a preferred embodiment thereof, it is apparent
to those skilled in the art that the invention can be modified
in arrangement and detail without departing from such
principles. For example, many other memory array archi-
tectures such as folded, non-folded, and segmented archi-
tectures can be adapted to contain the simultaneous refresh
feature of the present invention. I therefore claim all modi-
fications and variations coming within the spirit and scope of
the following claims.

I claim:

1. A memory array configuration of memory cells that
allows simultaneous read and refresh of the memory cells
comprising: |

two or more rows and two or more columns of memory

cells;

a write column line corresponding to each column of
memory cells;

a read column line corresponding to each column of
memory cells;

first and second write row lines corresponding to each row
of memory cells;

a read row line comresponding to each row of memory
cells;

each memory cell in the array being coupled to the
respective write column line, read column line, and
read a row line;

each row of memory cells being arranged into a top
half-row of memory cells corresponding to each odd-
numbered column of memory cells, and a bottom
half-row of memory cells corresponding to each even-
numbered column of memory cells;

each memory cell in the top half-row being coupled to the
respective first write row line;

each memory cell in the bottom half-row being coupled to
the respective second write row line;

charge sensing means coupled to each successive pair of
write column lines; and

current/voltage sensing means coupled to each read col-

umn line.
2. A memory array configuration of memory cells that

allows simultaneous read and refresh of the memory cells
comprising:
M rows and N columns of memory cells. wherein M and
N are integers greater than 1;
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a write column line comresponding to each column;

a read column line corresponding to each column;

first and second write row lines corresponding to each
Tow;

a read row line corresponding to each row;

each row being arranged into a top half-row of N/2
memory cells corresponding to each odd-numbered

column and a bottom half-row of N/2 memory cells
corresponding to each even-numbered column;

each memory cell in the top half-row having a write
column node coupled to the respective write column
line, a read column node coupled to the respective read
column line, a write row node coupled to the respective
first write row line, and a read row node coupled to the
respective read row line;

each memory cell in the bottom half-row having a write
column node coupled to the respective write column
line. a read column node coupled to the respective read
column line, a write row node coupled to the respective
second write row line, and a read row node coupled to

the respective read row line;

a row of N/2 charge sensing amplifiers having a first input
coupled to an odd-numbered write column line and a
second input coupled to a next even-numbered write
column; and

a row of N current/voltage sensing amplifiers having an
input coupled to one of the read column lines and an
output for providing a digital signal.

3. A memory array configuration as in claim 2 in which
each of the memory cells comprises a non-destructive read
memory cell.

4. A memory array configuration as in claim 2 in which at
least one of the charge sensing amplifier comprises means
coupled to a strobe input for selectively enabling and
disabling the amplification of the charge sensing amplifier.

5. A memory array configuration as in claim 2 in which at
least one of the charge sensing amplifiers comprises:

first and second transistors of a first type each having a
source, a drain, and a gate, the sources being coupled
together and to a first source of supply voltage; and

third and fourth transistors of a second type each having
a source, a drain, and a gate. the sources being coupled
together and to a second source of supply voltage.

wherein the drains of the first and third transistors and the
gates of the second and fourth transistors are coupled
together to form the first input, and

the drains of the second and fourth transistors and the
gates of the first and third transistors are coupled
together to form the second input.

6. A memory array configuration as in claim 5 comprising:

means for selectively coupling the coupled sources of the
first and second transistors to the first source of supply
voltage responsive to an inverted strobe signal; and

means for selectively coupling the coupled sources of the
third and fourth transistors to the second source of
supply voltage responsive to a strobe signal.
7. A memory array configuration as in claim 2 in which at
least one of the current/voltage amplifiers comprises:

a differential load having first and second nodes; and

first and second transistors each having a source, a drain,
and a gate. the sources being coupled together and to a

source of bias current,

wherein the drains of the first and second transistors are
respectively coupled to the first and second nodes of the
differential load. and
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the gate of the first transistor forms the input, the drain of
the second transistor forms the output, and the gate of
the second transistor is coupled to a reference voltage
SOUrce.

§. In a memory array including two or more rows and two
or more columns of memory cells., a write column line
corresponding to each column. a read column line corre-
sponding to each column, and a read row line corresponding
to each row, wherein each memory cell in the array is
coupled to the respective write column line, read column
line, and read row line. a method for allowing simultaneous
read and refresh of different rows in the array. the method
comprising the steps of:

providing first and second write row lines:

arranging each row into a top half-row of memory cells
corresponding to each odd-numbered column and a
bottom half-row of memory cells corresponding to each
even-numbered column:

coupling each memory cell in the top half-row to the
respective first write row line;

coupling each memory cell in the bottom half-row to the
respective second write row line;

charge sensing each successive pair of write column lines;
and

current/voltage sensing each read column line;
read-selecting an entire row of memory cells;

reading data out of the memory cells in the read-selected
row;

normalizing each of the write column lines to a reference
level;

write-selecting, simultaneously with the step of read-
selecting. another of the half-rows of memory cells
from a row different than the read-selected row in order
to refresh the write-selected half-row: and

forcing complementary valid logic on successive pairs of
write column lines responsive to the charge difference
in the write column lines.

9. In a memory array having M rows and N columns of
memory cells, wherein M and N are integers greater than 1,
a write column line cormresponding to each column, a read
column line corresponding to each column, a write row line
corresponding to each row. a read row line corresponding to
each row. a method for allowing simultaneous read and
refresh of the memory cells, the method comprising;

providing a second write row line for each row of memory
cells;

arranging each row into a top half-row of N/2 memory
cells corresponding to each odd-numbered column and
a bottom half-row of N/2 memory cells corresponding
to each even-numbered column;

coupling a write row node of each memory cell in the top
half-row to a respective first write row line;

coupling a write row node of each memory cell in the
bottom half-row to the respective second write row

line;

coupling a write column line, a read column line, and a
read row line of each memory cell in each row to the
respective column and row line;

providing a row of N/2 charge sensing amplifiers having
first and second inputs;

coupling the first input of each of the charge sensing
amplifiers to an odd-numbered write column line and
the second input of each of the charge sensing ampli-
fiers coupled to a next even-numbered write column;
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providing a row of N current/voltage sensing amplifiers
having an input and an output;

coupling the input of each of the current/voltage sensing
amplifiers to one of the read column lines;

providing a digital signal at the output of each of the
current/voltage sensing amplifiers;

read-selecting one of the entire rows of memory cells;

reading data out at the output of the current/voltage
sensing amplifiers respectively coupled to a read col-
umn node of each of the memory cells;

normalizing each of the write column lines to a reference
level;

write-selecting, simultancously with the step of read-
selecting. another of the half-rows of memory cells
from a row different than the read-selected row to share
stored charge in the memory cell with a corresponding
write column line to refresh the write-selected half-
row; and

forcing complementary valid levels on successive pairs of
write column lines responsive to the charge difference
in the write column lines.

10. A method for allowing simultaneous reading and
refresh of memory cells in a memory array as in claim 9 in
which the step of read-selecting one of the half-rows of
memory cells comprises the steps of:

coupling the read row line to a logic low; and

simultaneously maintaining the write row line at a logic

low.

11. A method for allowing simultaneous reading and
refresh of memory cells in a memory array as in claim 9 in
which the step of write-selecting another of the half-rows of
memory cells comprises the step of coupling the write row
line to a logic high.

12. A method for allowing simultaneous reading and
refresh of memory cells in a memory as in claim 9 in which
the step of forcing complementary valid logic levels on
successive pairs of write column lines comprises the step of
enabling amplification in the charge sensing amplifiers with
a strobe signal.

13. A memory array configuration of memory cells that
allows simultaneous read and refresh of the memory cells
comprising:

at least two rows and at least two columns of memory

cells;

a write column line for each column of memory cells;

a read column line for each column of memory cells;

first and second write row lines for each row of memory
cells;

a read row line for each row of memory cells;

each memory cell in the array being coupled to an
associated write column line, read column line, and
read row line;

each row of memory cells being arranged into a first set
of memory cells corresponding to a first set of columns
of memory cells, and a second set of memory cells
corresponding to a second set of columns of memory
cells:

the first write row line of each row being coupled to each
memory cell in the first set of memory cells of the row;

the second write row line of each row being coupled to
each memory cell in the second set of memory cells of
the row;

at least one charge sensing device coupled to a write
column line of the first column set and a write column
line of the second column set; and
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a current/voltage sensing device coupled to each read

column line.

14. A memory array configuration of memory cells that
allows simultaneous read and refresh of the memory cells
comprising.:

M rows and N columns of memory cells, wherein M and

N are integers greater than I;

“a write column line for each memory cell column;

a read column line for each memory cell column;

first and second write row lines for each memory cell row;
a read row line for each memory cell row;

each row being arranged into a first set of N2 memory
cells corresponding to a first set of columns and a
second set of N2 memory cells corresponding to a
second set of columns;

each memory cell in a first set of cells having a write
column node coupled to an associated write column
line, a read column node coupled to an associated read
column line, a write row node coupled to an associated
Jirst write row line, and a read row node coupled to an
associated read row line:

each memory cell in a second set of cells having a write
celumn node coupled to an associated write column
line, a read column node coupled to an associated read
column line, a write row node coupled to an associated
second write row line, and a read row node coupled to
an assoctated read row line;

a group of N/2 charge sensing amplifiers each having a
Jirst input coupled to a write column line of the first
column set and second input coupled to a write column
line of the second column set; and

a group of N current/voltage sensing amplifiers each
having an input coupled to a read column line and an
output for providing a digital signal.

15. A memory array configuration as in claim 14 in which

each of the memory cells comprises a non-destructive read

memory cell.
16. A memory array configuration as in claim 14 in which

at least one of the charge sensing amplifiers is coupled to a
strobe input for selectively enabling and disabling the ampli-
Jication of that charge sensing amplifier.
17. A memory array configuration as in claim 14 in which
at least one of the charge sensing amplifiers comprises:
Jirst and second transistors of a first type each having a
source, a drain, and a gate, the sources being coupled
together and to a first source of supply voltage; and
third and fourth transistors of a second type each having
a source, a drain, and a gate, the sources being coupled
together and to a second source of supply voltage,
wherein the drains of the first and third transistors and the
gates of the second and fourth transistors are coupled
together to form the first input, and
the drains of the second and fourth transistors and the
gates of the first and third transistors are coupled
together to form the second input.
18. A memory array configuration as in claim 17 com-
prising:
means for selectively coupling the coupled sources of the

Jirst and second transistors to the first source of supply
voltage responsive to an inverted strobe signal; and

means for selectively coupling the coupled sources of the

third and fourth transistors to the second source of

supply voltage responsive to a strobe signal.
19. A memory array configuration as in claim 14 in which
at least one of the current/voltage amplifiers comprises:
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a differential load having first and second nodes; and

first and second transistors each having a source, a drain,
and a gate, the sources being coupled together and to
a source of bias current,

wherein the drains of the first and second transistors are
respectively coupled to the first and second nodes of the

differential load, and

the gate of the first transistor forms the input, the drain of
the second transistor forms the output, and the gate of
the second transistor is coupled to a reference voltage

source.
20. In a memory array including at least two rows and at

least two columns of memory cells, a write column line
corresponding to each column, a read column line corre-
sponding to each column, and a read row line corresponding
to each row, wherein each memory cell in the array is
coupled to its respective write column line, read column line,
and read row line, a method for allowing simultaneous read
and refresh of cells of different rows in the array, the method
comprising the steps of:

providing first and second write row lines for each row;

arranging each row into a first set of memory cells
corresponding to a first set of columns and a second set
of memory cells corresponding to a second set of
columns;

coupling the first write row line for each row to each
memory cell in the first set of memory cells for the row;

coupling the second write row line for each row to each
memory cell in the second set of memory cells for the
row;

charge sensing paired write column lines, one from each
of the first and second sets of columns;

current/voltage sensing each read column line;

read-selecting an entire row of memory cells;

reading data out of the memory cells in the read-selected
row;

normalizing each of the write column lines to a reference
level;

write-selecting, substantially simultaneously with the step
of read-selecting, the first or second set of memory cells
from a row different than the read-selected row in order
to refresh the write-selected set of memory cells; and

forcing complementary valid logic on the paired write
column lines responsive to the charge difference in the
write column lines of the pair.

21. In a memory array having M rows and N columns of
memory cells, wherein M and N are integers greater than 1,
a write column line corresponding to each column, a read
column line corresponding to each column, a write row line
corresponding to each row, a read row line corresponding to
each row, a method for allowing simultaneous read and
refresh of first and second groups of memory cells, the
method comprising:

providing a second write row line for each row of memory

cells;

arranging each cell row into a first set of N/2 memory

cells corresponding to a first set of columns and a
second set of N/2 memory cells corresponding to a
second set of columns;

coupling a write row node of each memory cell in a first
set of cells to a first write row line for that row;

coupling a write row node of each memory cell in a
second set of cells to a second write row line for that

row;
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coupling a write column node, a read column node, and a current source associated with each column of memory
a read row node of each memory cell in each row to its cells; and |
associated respective write column line, read column a current/voltage sensing circuit associated with each
line and read row line; column of memory cells for sensing any current flow
providing a group of N/2 charge sensing amplifiers having 3 through the current source associated with the column
first and second inputs; indicative of charge stored in the memory cells of the
coupling the first input of each of the charge sensing column. |
amplifiers to a write column line of the first column set 27. The memory cell array configuration of claim 26,

and the second input of each of the charge sensing wherein each charge sensing circuit is coupled to two

amplifiers to a write column line of the second column 10 different columns of memory cells. _
set; 28. The memory cell array configuration of claim 26,

including one current/voltage sensing circuit for each col-
umn of memory cells in the array.
29. A memory cell array configuration for cell refresh,
15 comprising:
at least one row of memory cells having a write row line
associated therewith;

at least two columns of memory cells, each column having

providing a group of N current/voltage sensing amplifiers
having an input and an output;

coupling the input of each of the current/voltage sensing
amplifiers to one of the read column lines;

read-selecting one of the entire rows of memory cells;

reading data out at the output of the current/voltage

sensing amplifiers; :
: g /i : : a write column line and a read column line associated
normalizing each of the write column lines to a reference 20 o

level- therewith; and

a charge sensing circuit communicable with write column
lines of first and second columns of said at least two
columns for sensing charge stored in memory cells of
the first and second columns.

30. A multi-row, multi-column memory array configured
for simultaneous access to two memory cells in the same

column, comprising:

write-selecting, simultaneously with the step of read-
selecting, a first set or a second set of memory cells
from a row different than the read-selected row to share
stored charge in the memory cell with a corresponding 25
write column line to refresh the write-selected set; and

forcing complementary valid levels on the paired write
column lines responsive to the charge difference in the
write column lines.

22. A method for allowing simultaneous reading and 30

at least two rows and at least two columns of dual-port
memory cells;

refresh of memory cells in a memory array as in claim 21 in a write column line and a read column line for each cell
which read-selecting one of the sets of memory cells com- column;
prises the steps of: at least one write row line and a read row line for each
coupling the read row line to a logic low; and cell row;
simultaneously maintaining the write row line at a logic 3  each cell being coupled to a write column line, a read
low. column line, a write row line and a read row line;
23. A method for allowing simultaneous reading and charge sensing devices, each coupled to paired write
refresh of memory cells in a memory array as in claim 21 in column lines for sensing charge stored in memory cells
which write-selecting another of the sets of memory cells coupled to the paired write column lines; and
comprises coupling the write row line to a logic high. O g current/voltage sensing device coupled to each read
24. A method for allowing simultaneous reading and column line for sensing current along the read column
refresh of memory cells in a memory as in claim 21 in which line indicative of charge stored in memory cells
forcing complementary valid logic levels on paired write coupled to the read column line.
column lines comprises the step of enabling amplification in 31. A multi-row, multi-column memory array configured
the charge sensing amplifiers with a strobe signal. 43 for simultaneous reading of two memory cells in the same
25. A memory cell array configuration providing the column, comprising:
capability for simultaneous respective read and refresh of a at least two rows and at least two columns of dual-port
first group and a second group of memory cells in the array, memory cells; |
comprising: a write column line and a read column line for each cell
at least two rows and at least two columns of cells, each 50 column;
row comprising a first set and a second set of cells; at least one write row line and a read row line for each
a read column line for each column of cells; cell row;
a write column line for each column of cells; each cell being coupled to a write column line, a read
a read row line for each row of cells; and 55 column line, a write row line and a read row line;
a first write row line for a first cell set of each row and a charge sensing devices, each coupled to paired write
second write row line for a second cell set of each row. column lines for sensing charge stored in memory cells
26. A memory cell array configuration providing the coupled to the paired write column lines; and
capability of simultaneous, respective read and refresh of a current/voltage sensing device coupled to each read
first and second groups of memory cells in the array located ¢, column line for sensing current along the read column
on respective first and second selected rows of the array, the line indicative of charge stored in memory cells
configuration comprising: coupled to the read column line.
at least two rows and at least two columns of memory 32. A multi-row, multi-column memory array of dual-port
cells; memory cells configured for reading of cells through either
a charge sensing circuit associated with each column of 65 port, comprising:.
memaory cells for sensing charge stored in the memory at least two rows and at least two columns of dual-port

cells of the associated column, memory cells;
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a write column line and a read column line for each cell
column;

at least one write row line and a read row line for each
cell row;

each cell being coupled to a write column line, a read .
column line, a write row line and a read row line;

charge sensing devices, each coupled to paired write
column lines for sensing charge stored in memory cells

coupled to the paired write column lines; and 10

a current/voltage sensing device coupled to each read
column line for sensing current along the read column
line indicative of charge stored in memory cells
coupled to the read column line.

33. A multi-row, multi-column memory array of dual-port s

memory cells configured for reading of each cell, compris-

ing:

14

at least two rows and at least two columns of dual-port
memory cells;

a write column line and a read column line for each cell
column;

at least one write row line and a read row line for each

cell row;

each cell being coupled to a write column line, a read
column line, a write row line and a read row line;

charge sensing devices, each coupled to paired write
column lines for sensing charge stored in memory cells
coupled to the paired write column lines; and

a current/voltage sensing device coupled to each read

column line for sensing current along the read column
line indicative of charge stored in memory cells

coupled to the read column line.
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