
DRAM WITH HALF AND FULL DENSITY OPERATION FIELD The
present invention relates generally to memory devices
and in particular the present invention relates to
DRAM and its operation. BACKGROUND Dynamic random
access memory (DRAM) can be configured as half density
or full density. In a full density memory, each
internal row of a memory array allows access of a
memory cell, and each cell can be used for storage of
a unique bit of data. In a half density memory, each
internal row is paired with another, complementary
row, so that when data is stored in one memory cell,
complementary data is stored in the comparable cell of
the complementary row. In a half density memory, two
word lines are activated at the same time, one on a
digit line, and one on digit line* (its complement).
This stores inverted data in each cell which is then
used as a reference in differential mode to
significantly improve refresh time. Odd rows are not
utilized in a half density memory. Full density
operation of a memory allows use of the full extent of
the number of cells, and therefore can store more data
than a comparably sized half density memory. Each cell
stores its own individual data, and each cell must be
individually refreshed, increasing refresh times. In
current technology, the methodology exists to create
parts, such as memories, with longer refresh times.
With longer refresh times, and with lower density
operation such as in half density memories, a lower
operating current is used, and battery life for
portable type devices has been extended. Portable
devices often do not have the requirements for a large
amount of memory, especially during most normal modes
of operation. Some devices, however, eventually use
more memory, and therefore require full density memory
despite the fact that it is not always needed. When
full density memory is used in components and devices
that do not need the full density memory except on
certain occasions, power consumption is high, and for
limited battery power, such full time full density
operation is 



less than desirable, leading to shorter battery life
and the like. On the other hand, certainapplications,
from portable applications to more powerful portable
applications like portable computers and the like,
require a greater amount of memory, but still have
power constraints. Memory is typically configured
either as half density of as full density, and is not
changeable. For the reasons stated above, and for
other reasons stated below which will become apparent
to those skilled in the art upon reading and
understanding the present specification, there is a
need in the art for a memory device and method of
operating a memory that combines the benefits of half
density and full density operation. SUMMARY The
above-mentioned problems and other problems are
addressed by the present invention and will be
understood by reading and studying the following
specification. In one embodiment, a method of
converting between a full density and a half density
mode of operation in a memory includes initiating
memory operations in half density mode, and monitoring
addresses used in the half density operation. When
half density is no longer capable of storing all data
to be written to the memory, the memory switches to
full density mode. In another embodiment, a method of
operating a memory device includes initiating memory
operations in a half density mode, monitoring usage of
memory cells in the array, and switching from the half
density mode to a full density mode when normal memory
operation is required. In yet another embodiment, a
memory includes an array of memory cells addressable
by address circuitry, input/output circuitry to
receive external data and to pass the data to the
array, and a memory controller. The memory controller
operates the memory in one of a full density or a half
density mode of operation, and switches from the half
density to the full density mode of operation when
half density operation does not have enough density to
accommodate all data to be written to the memory. In
still another embodiment, a processing system includes
a processor and a 



memory coupled to the processor to store data provided
by the processor and to provide data to the processor.
The memory includes an array of memory cells
addressable by address circuitry, input/output
circuitry to receive external data and to pass the
data to the array, and a memory controller. The memory
controller operates the memory in one of a full
density or a half density mode of operation, and
switches from the half density to the full density
mode ofoperation when half density operation does not
have enough density to accommodate all data to be
written to the memory. Other embodiments are described
and claimed. BRIEF DESCRIPTION OF DRAWINGS Figure 1is
a partial circuit diagram of a full density memory
device; Figure 2 is a partial circuit diagram of a
half density memory device; Figure 3 is a flow chart
diagram of a method according to one embodiment of the
present invention; Figure 4 is a flow chart diagram of
a refresh scrubbing operation according to another
embodiment of the present invention; and Figure 5 is a
block diagram of a system on which embodiments of the
present invention can be practiced. DETAILED
DESCRIPTION In the following detailed description of
the invention, reference is made to the accompanying
drawings that form a part hereof, and in which is
shown, by way of illustration, specific embodiments in
which the invention may be practiced, hi the drawings,
like numerals describe substantially similar
components throughout the several views. These
embodiments are described in sufficient detail to
enable those skilled in the art to practice the
invention. Other embodiments may be utilized and
structural, logical, and electrical changes maybe made
without departing from the scope of the present
invention. The following detailed description is,
therefore, not to be taken in a limiting sense, and
the scope of the present invention is defined only by
the appended claims, along with the 



full scope of equivalents to which such claims are
entitled. Figure 1 shows a structure of a full density
memory 100 upon which embodiments of the present
invention can be practiced. Memory 100 comprises an
array of memory cells 102 each comprising a transistor
and a capacitor, which are addressed by individual
internal rows 104 and internal columns 106. These rows
104 and columns 106 as shown can accesseight cells,
each holding an individual piece of data. For example,
to activate cell 0,0, row 0 and column 0 are
activated. Figure 2 shows a structure of a half
density memory 200 upon which embodiments of the
present invention can be practiced. The structure is
equivalent to that of memory 100, but the addressing
scheme is different. Memory 200 comprises the same
array of memory cells 202 each comprising a transistor
and a capacitor, which are addressed by individual
internal rows 204 and internal columns 206. However,
in the half density memory 200, each row is paired
with a complementary row, that is there are two rows 0
and two rows 2 shown. For example, to activate cell
0,0, each of the two row Os, as well as column 0, are
activated. This stores inverted data in cells 0,0 and
0,0*. There are no odd rows used. In the embodiments
of the present invention, a memory of the same
structure as memories 100 and 200 above is used, but
the memory operation of the memory is such that it is
operable either as a half density memory or as a full
density memory, depending upon the desired usage. Such
an operation is accomplished using the controller of
the memory to operate the memory in the following
fashion. In one embodiment 300, shown in flow chart
diagram in Figure 3, power up of a memory occurs in
block 302. In this embodiment, operation of the memory
is set to half density (or 2T) mode in block 304 as a
default. It should be understood that a default other
and half density, for example full density operation,
could also be set without departing from the scope of
the invention. In block 306, an address is provided to
the memory controller or the like, and in decision
block 308, it is determined whether the address is an
odd internal row. If the address is not an odd
internal row, that is it is an even internal row, then
process flow continues at block 310, where any even
(half 



density) internal row is accessible. Addresses are
provided in this manner, filling or using even
internal rows until at decision block 308, an odd
internal row is accessed. At that point, operation is
switched to full density (or IT) mode in block 312,
and any internal row is accessible at block 314.
Further, self refresh timings are adjusted with the
increased power, so that refresh operations occur at
proper intervals, hi another embodiment, the most
significant external row is mapped to the least
significant internal row to aid in system design. At
some point, operation in full density mode will no
longer be required. As such, process 300 continues
with checking whether any of the odd internal rows are
still being usedin decision block 316. If odd internal
rows are still being used, operation continues in full
density mode, with process flow continuing at block
317 with the provision of another address. When no odd
internal rows are being used anymore, decision block
316 leads process flow to block 318, where a scrub
refresh operation is performed before process flow
continues at block 304. When returning from full
density operation to half density operation, there may
be some data in odd rows that is no longer needed.
That data is expunged when half density operation
starts again, because the writing process activates
the even word lines, senses the data with the sense
amp (that is the correct original data) and then
activates the odd word line that is complementary to
the even word line. This stores the inverse of the
data in the even row cell in the odd row cell when the
sense amp fires, and re-writes whatever data was
present in the odd row cell. In the transition from
full to half density, data on even rows is maintained,
but data on odd rows is discarded hi one embodiment,
no attempt is made to save data in odd rows. For
example, using the configurations shown in Figures 1
and 2, when switching from half density to full
density operation, the 0,0 row becomes the 0,1 row. In
another embodiment, the operating system or memory
controller organizes data to assure that it is written
in appropriate rows before it is provided to the
memory. When switching from full density mode to half
density mode, in one embodiment, in order to save 



some data from the odd internal rows, data is stored
in a buffer, and then written into an even row before
a scrub refresh operation. In another embodiment, the
decision to retain data from odd rows is performed on
a row by row or even a block by block basis. For
writing to the memory in half density operation, the
operating system or memory controller is used to place
the data in a location that is consistent with the
mode of operation, that is in one of the complementary
rows and not the other, in order to allow for the
switching only when it is necessary to have more
memory density. For example, when operation begins in
half density mode, only even rows of the odd/even row
pairings are used. When the even rows are full, or as
close to full as is logically possible, and the device
still needs more memory density, an odd row is written
to. Once an odd row is written to, the operating
system or memory controller, or a detector that
monitors the write locations of data in the memory,
initiates full density operation. No data is lost when
switching to full density from half density because
all that is being done is the elimination of the
redundancy built in to half density operation.At some
point, the device may also have a reduced density
requirement. At such a time when the required density
drops below a threshold for half density operation,
the memory switches back to half density operation to
save power consumption. If the core memory data is
written initially into the lower address rows (the
half density rows), then when the memory switches back
to half density operation, the data lost is only that
data that was added during the full density operation
of the system. In one embodiment, the switch to half
density operation does not occur until no data is
written in any odd internal row. Scrub refresh as
indicated at block 318 comprises retaining information
in even internal rows when converting from full
density operation back to half density operation, and
is shown in greater detail in the flow chart diagram
of Figure 4. In one embodiment, even word lines are
activated in block 400, data is sensed in the sense
amplifier for those even word lines in block 402, and
odd word lines are activated in block 404 after the
sense amplifier after it is stable. This data is the
original data stored in the even internal rows. 



When the sense amp fires, in the half density
operation, the inverse of the data in the even
internal rows is stored in what had been the odd
internal rows but which are now the complementary rows
for each even internal row, as is best seen in Figure
2. Both word lines are precharged in block 406, and
the original data is stored in the primary cell and
its complement is stored in the complementary cell as
in normal half density operation. In one embodiment,
scrub refresh is a unique command. In another
embodiment, scrub refresh is the identical command
that was used for any operation during which operation
was in half density mode from an earlier operation. In
another embodiment, the usage of the memory is
monitored, and when usage drops to a level
sufficiently below half usage, the memory then
switches back to half density operation. In this
embodiment, some data may exist in odd internal rows,
and that data must be rewritten into the even internal
rows before the switch is made to half density
operation. In this embodiment, the operating system
monitors the placement of data, and when operation is
to be changed from full density to half density, data
from rows that are to be erased are read out into a
buffer or the like, and then written into rows whose
data will be retained when operation switches from
full density to half density. Such a check and
read/write operation can also be performed in another
embodiment on a block by block basis. In operation, a
memory of the present invention functions as follows.
A default operation of the memory is initiated upon
startup. In one embodiment, the default startupmode of
operation is half density operation. On startup, then,
the memory operates in half density operation. In this
embodiment, only even rows are written to in memory
functions, with the odd rows of the array used for
redundancy as is known in the art. Writing to the DRAM
is made on the even rows until such time as the
requirements for density exceed that of the half
density operation of the memory. The control program
for the memory monitors the addresses to which data is
being written. Once an odd row address is encountered,
the memory controller switches the operation of the
memory to a full density operation, doubling the
density of the memory. When only half density is
needed, power consumption of the 



memory is lower than that of a full density operation.
However, when the requirements for memory exceed that
of a half density operation, full power operation is
used, and the increased capacity is available. The
memory controller also monitors the density and used
portion of the memory once the memory has been
switched to a full density memory. As less data is
being written to or stored in the memory, there will
come a time when half density operation once again is
sufficient for the memory. At this time, the memory
controller determines that the last odd row data
address is no longer needed, or that the density of
memory required for the current status of the memory
is below a half density threshold. Once this
determination has been made, the memory controller
switches operation back to half density. As has been
described above, when switching between full density
operation and half density operation, data stored in
odd rows will be lost. Therefore, the operating system
or memory controller monitors the addresses of data to
be written to the memory so that only half density
operation is used when the memory is operating in half
density operation. As has been discussed, there are no
structural difference between typical full density and
half density physical layouts. The difference in full
and half density modes is in the logic and control of
the memory. The embodiments of the present invention
use logic shifts to allow half density operation when
lower power and less memory density is desired or
required, and full density operation when higher
densities of storage are required. In another
embodiment, a mode register is used to force the
memory into a normal or a half density operation
instead of the default power up in half density
operational mode. For example, if a 0 is written to
the mode register, operation is forced to full
density. If a 1 is written to the mode register,
operation is forced to half density. Setting the mode
register may be accomplished "on the fly" during
operation, or at power up or the like. Still further,
aspecific "reset" command may be invoked by a user to
force operation into either full or half density mode
of operation. If half density operation is not
feasible, a monitor for the memory controller or the
operating system does not allow operation in half
density until the amount of 



data to be stored will fit in a half density
configuration of the memory. Setting full density
operation is in various embodiments accomplished by
setting the mode register with a mode register set
command, a dedicated input pin, or the like. In
another embodiment, operation is defaulted to half
density operation at startup and continues in half
density as long as possible, and switches to full
density when an odd row is accessed. The conventions
of even and odd rows are used in the description
herein. It should be understood that other terminology
for such usage occurs, and by even and odd it is
meant, respectively, half density only rows as even
rows, and full density available rows are odd rows.
Other terminology that may be used, by way of example
only and not by way of limitation, includes lower
address rows for even rows, and upper address rows for
odd rows. A memory controller or other operating
system module is used in one embodiment to control the
operation of the memory. The controller or operating
system can be a machine readable medium that executes
instructions in a processor or the like to accomplish
the process described herein. Referring to Figure 5, a
simplified block diagram of a system 500 having DRAM
502 of one embodiment of the present invention is
described. The memory device can be coupled to a
processor 510 for bi-directional data communication.
The memory includes an array of memory cells 512.
Control circuitry 524 is provided to manage data
storage and retrieval from the array in response to
control signals 540 from the processor. Address
circuitry 526, X-decoder 528 and Y-decoder 530 analyze
address signals 542 and storage access locations of
the array. Sense circuitry 532 is used to read data
from the array and couple output data to I/O circuitry
534. The I/O circuitry operates in a bi-directional
manner to receive data from processor 510 and pass
this data to array 512. It is noted that the sense
circuitry may not be used in some embodiments to store
the input data. Dynamic memories are well known, and
those skilled in the art will appreciate 



that the above-described DRAM has been simplified to
provide a basic understanding of DRAM technology and
is not intended to describe all of the features of a
DRAM.While data writing has been described herein with
half density operation writing data only to even rows,
it should be understood that writing data to only odd
rows for half density operation is also available.
Still further, as long as data is only written to one
of a pair of complementary rows, half density
operation could use some even rows, and some odd rows.
It is sufficient that half of the available memory
cells are used so that power consumption is reduced in
half density operation. Conclusion Advantages of the
various embodiments of the present invention include
low power savings that are realized automatically when
a reduced quantity of the memory is used. Further, the
benefits of full density operation are provided when
needed. Still further, the memory can return back to
half density operation without losing data stored in
the lower half of the memory array. Further advantages
of the various embodiments of the present invention
include use in devices which have a limited amount of
power available, such as portable devices like
handheld computers or personal digital assistants.
Application data can in one embodiment be stored in
the lower memory array and the memory operates in half
density operation when the device is in standby mode
or startup mode. Then, temporary data can be stored in
the full array during operation. This data can be
discarded and the memory returned to its lower power
state for standby or sleep modes of the portable
device without losing any of the application data. The
embodiments of the invention include a configurable
memory (in one embodiment a DRAM) that switches
automatically between half density low power operation
and full density operation, for increased density as
needed by the system. Also disclosed is a method of
returning the memory to half density operation for
self refresh power savings without losing stored data.
During power up, the memory is defaulted to half
density 



operation, with its lowest self refresh power. All
operations are in even internal rows until all even
internal rows are full. The memory remains in half
density operation until an odd internal row is
accessed, at which point, the memory automatically
converts to normal full density memory operation. The
self refresh timings adjust accordingly with increased
power of the full density operation.A reset sequence
is added to convert the memory back to half density
operation addressing when or if the system desires. A
refresh scrubbing operation is added to retain data
stored in even rows that were initially used for the
half density operation. A scrub refresh embodiment of
the present invention comprises activating an even
word line, sensing the data in the sense amp (that is
the correct original data), activating the odd word
line after the sense amp is stable (thus automatically
storing inverse data in the cell), precharging both
word lines, and storing the original data in the
primary cell and complementary data in the other cell
as required for half density operation. Although
specific embodiments have been illustrated and
described herein, it will be appreciated by those of
ordinary skill in the art that any arrangement, which
is calculated to achieve the same purpose, may be
substituted for the specific embodiment shown. This
application is intended to cover any adaptations or
variations of the present invention. Therefore, it is
manifestly intended that this invention be limited
only by the claims and the equivalents thereof.What is
claimed: 1. A method of converting between a full
density and a half density mode of operation in a
memory, comprising: initiating memory operations in
half density mode; monitoring addresses used in the
half density operation; and switching to full density
mode when half density is no longer capable of storing
all data to be written to the memory. 2. The method of
claim 1, wherein initiating memory operations in half
density mode comprises writing data only to even rows
of the memory. 



3. The method of claim 1, wherein switching to full
density mode comprises writing to any even or odd row
of the memory. 4. The method of claim 1, wherein
switching to full density mode further comprises:
changing self refresh timings of the memory for full
density operation. 5. The method of claim 1, and
further comprising: monitoring usage of the memory in
full density operation; and switching back to half
density operation when half density operation is
capable of storing all data to be written to the
memory. 6. The method of claim 5, wherein switching
back to half density operation comprises: refresh
scrubbing. 7. The method of claim 6, wherein half
density operation is in a first half of a plurality of
rows of the memory, and full density operation is
storing data in any part of the memory, and wherein
refresh scrubbing comprises: activating a word line in
the first half of the plurality of rows; sensing data
in the activated word line with a sense amplifier;
activating a word line in the second half of the
memory complementary to the word line in the first
half;precharging both word lines; and storing original
data on the first word line and complementary data on
the second word line. 8. A method of operating a
memory device, comprising: initiating memory
operations in a half density mode; monitoring usage of
memory cells in the array; and switching from the half
density mode to a full density mode when normal memory
operation is required. 9. The method of claim 8, and
further comprising: switching back to half density
mode when half density becomes an option again. 



10. The method of claim 8, wherein initiating memory
operations in half density mode comprises writing data
only to even rows of the memory. 11. The method of
claim 8, wherein switching to full density mode
comprises writing to any row of the memory. 12. The
method of claim 8, wherein switching to full density
mode further comprises: changing self refresh timings
of the memory for full density operation. 13. The
method of claim 8, and further comprising: monitoring
usage of the memory in full density operation; and
switching back to half density operation when half
density operation is capable of storing all data to be
written to the memory. 14. The method of claim 13,
wherein switching back to half density operation
comprises: refresh scrubbing. 15. The method of claim
14, wherein refresh scrubbing comprises: activating an
even word line containing half density data;sensing
the data with a sense amplifier; activating an odd
word line; precharging both word lines; and storing
the original data on the even word line and
complementary data on the odd word line. 16. A method
of operating a memory device, comprising: writing data
in half density mode only in even internal rows until
all such even internal rows are full; switching to
full density mode when an odd internal row is first
accessed; writing to any row in full density mode;
switching back to half density mode when no odd rows
are still required, wherein switching back to half
density more comprises: activating an even word line; 



sensing the data in the sense amp; activating an odd
word line after the sense amp is stable; precharging
both word lines; and storing the original data in the
primary cell and complementary data in the other cell
as required for half density operation. 17. A machine
readable medium having a set of machine readable
instructions for causing a processor to perform a
method, the method comprising: initiating memory
operations in a memory device in a half density mode;
monitoring usage of memory cells in the memory device;
and switching from the half density mode to a full
density mode when half density storage in the memory
device is full. 18. The machine readable medium of
claim 17, wherein the method further comprises:
switching back to half density mode when half density
becomes an option again. 19. The machine readable
medium of claim 17, wherein initiating memory
operations in half density mode comprises writing data
only to even rows of the memory.20. The machine
readable medium of claim 17, wherein switching to full
density mode comprises writing to any row of the
memory. 21. The machine readable medium of claim 17,
wherein switching to full density mode further
comprises: changing self refresh timings of the memory
for full density operation. 22. The machine readable
medium of claim 17, wherein the method further
comprises: monitoring usage of the memory in full
density operation; and switching back to half density
operation when half density operation is capable of
storing all data to be written to the memory. 23. The
machine readable medium of claim 22, wherein switching
back to half density operation comprises: refresh
scrubbing. 



24. The machine readable medium of claim 23, wherein
refresh scrubbing comprises: activating an even word
line containing half density data; sensing the data
with a sense amplifier; activating an odd word line;
precharging both word lines; and storing the original
data on the even word line and complementary data on
the odd word line. 25. A memory, comprising: an array
of memory cells addressable by address circuitry;
input/output circuitry to receive external data and to
pass the data to the array; and a memory controller
for operating the memory in one of a full density or a
half density mode of operation, and switching from the
half density to the full density mode of operation
when half density operation does not have enough
density to accommodate all data to be written to the
memory.26. The memory of claim 25, wherein the memory
controller operates a set of machine readable
instructions for causing a processor to perform a
method, the method comprising: initiating memory
operations in the memory in a half density mode;
monitoring usage of memory cells in the memory; and
switching from the half density mode to a full density
mode when half density storage in the memory is full.
27. The memory of claim 26, wherein switching to full
density mode comprises writing to any row of the
memory. 28. The memory of claim 26, wherein switching
to full density mode further comprises: changing self
refresh timings of the memory for full density
operation. 29. The memory of claim 26, wherein the
method further comprises: monitoring an external
controller for a determination that usage of the
memory in full 



density operation is no longer required; and switching
back to half density operation when half density
operation is capable of storing all data to be written
to the memory. 30. The memory of claim 29, wherein
switching back to half density operation comprises:
receiving a notification from the external memory
controller to switch the memory back to half density
operation. 31. The memory of claim 31, wherein
switching back to half density operation comprises:
refresh scrubbing. 32. The memory of claim 31, wherein
refresh scrubbing comprises: activating an even word
line containing half density data; sensing the data
with a sense amplifier; activating an odd word line;
precharging both word lines; andstoring the original
data on the even word line and complementary data on
the odd word line. 33. A processing system,
comprising: a processor; and a memory coupled to the
processor to store data provided by the processor and
to provide data to the processor, the memory
comprising: an array of memory cells addressable by
address circuitry; input/output circuitry to receive
external data and to pass the data to the array; and a
memory controller for operating the memory in one of a
full density or a half density mode of operation, and
switching from the half density to the full density
mode of operation when half density operation does not
have enough density to accommodate all data to be
written to the memory. 34. The processing system of
claim 33, wherein the processor operates a set of
machine 



readable instructions for causing the processor to
perform a method, the method comprising: initiating
memory operations in the memory in a half density
mode; monitoring usage of memory cells in the memory;
and switching from the half density mode to a full
density mode when half density storage in the memory
is full. 35. The processing system of claim 34,
wherein the method further comprises: switching back
to half density mode when half density becomes an
option again. 36. The processing system of claim 35,
wherein switching further comprises: monitoring in the
processor usage of memory cells when in full density
operation; and notifying the memory controller to
initiate memory operations in half density mode when
half density operation is available.37. The processing
system of claim 36, wherein switching back to half
density operation comprises: refresh scrubbing. 38.
The processing system of claim 37, wherein refresh
scrubbing comprises: activating an even word line
containing half density data; sensing the data with a
sense amplifier; activating an odd word line;
precharging both word lines; and storing the original
data on the even word line and complementary data on
the odd word line. 39. The processing system of claim
35, wherein initiating memory operations in half
density mode comprises writing data only to even rows
of the memory. 40. The processing system of claim 35,
wherein switching to full density mode comprises
writing to any row of the memory. 4 1. The processing
system of claim 35, wherein switching to full density
mode further comprises: 



changing self refresh timings of the memory for full
density operation. 42. A processing system,
comprising: a processor; a memory coupled to the
processor to store data provided by the processor and
to provide data to the processor, the memory
comprising: an array of memory cells addressable by
address circuitry; input/output circuitry to receive
external data and to pass the data to the array; and a
memory controller coupled to the processor and to the
memory, the memory controller for operating the memory
in one of a full density or a half density mode
ofoperation, and switching from the half density to
the full density mode of operation when half density
operation does not have enough density to accommodate
all data to be written to the memory. 


