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FOR  A NONVOLATILE MEMORY       CROSS-REFERENCE TO RELATED APPLICATIONS
This application is a continuation-in-part of application       number
08/537,132 of Hasbun, et al. which was filed on September 29,       1995.
FIELD OF THE INVENTION             This invention pertains to the field of
memory circuitry. In       particular, this invention pertains to
performing multiple write       operations without an erase operation in an
electrically programmable       nonvolatile memory.       BACKGROUND OF THE
INVENTION             Semiconductor memory devices typically consist of a
number of       individual cells for storing data. In a conventional binary
memory       device, each cell can store one of two states to represent one
bit of data.       Alternatively, each memory cell might store more than
one bit of       data. Such memory devices are referred to as multi-level
or multi-bit       memory devices. Multi-level memory devices increase the
storage       capacity and density over conventional binary devices. For
example, a       memory device capable of storing two bits of data per cell
has a       capacity to store twice the data than can be stored in the same
number       of conventional binary memory device.             The
programming of conventional binary memory devices       consists of storing
or programming one of two levels or states in a       memory cell to
represent all the possible values for one bit of data. 



For example, a conventional memory cell, when accessed during a       write
operation, stores a first voltage or threshold level to represent a
first state and stores a second voltage or threshold level to represent
the second state. In a multi-level memory device, however, typically
one of n states is stored to represent more than a single bit of data.
Although the ability to store a single bit requires the ability to store at
least two levels as in the prior art binary memory cells, "multi-level"
as used here is intended to refer to a cell capable of storing one of more
than two levels or states (i.e., more than one binary digit), and      WO
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"binary" refers to a cell capable of storing one of only two levels (i.e.,
one binary digit). For example, in order  to store two bits in each
multi-level memory cell, each cell must be capable of storing one of at
least four levels. A multi-level cell capable of storing n bits, must be
able to support 2[err] threshold levels because each bit can have one of
two levels.              One type of multi-level memory cell is a flash
multi-level       memory cell. In general, flash memory cells include a
floating gate       field effect transistor. Each floating gate transistor
has a select gate, a       floating gate, a source, and a drain.
Information is stored in the flash       cell by altering the amount of
charge stored on the floating gate. This       in turn causes the threshold
voltage, V[err], of the floating gate field effect       transistor to be
varied. The typical prior art binary flash memory cell 



can be in one of two possible states, being either "programmed" or
"erased". Theoretically, the flash cell possesses a distinct state for each
electron that is added to the floating gate. Practically however, prior
art flash cells have a limited number of states due to constraints
including inconsistencies in flash cell structure, charge loss over time,
and limitations in sensing the charge stored on the floating gate.
The actual charge stored on a programmed cell may. vary from       one
programmed cell to another programmed cell or from one erased       cell to
another erased cell. In order to accommodate this factor, the       binary
flash cell is interpreted as storing a "1" if V[err] is within a first
range of values and a "0" if V[err] is within a second range of values. The
first and second ranges are distinct and may be separated by a
"separation range". In other words, if the threshold voltage, Vt, is
programmed to a value within one set of values, the cell state is a "1".
If the threshold voltage, Vt, is programmed to a value within another
set of values, the cell state is a "0". The difference between these sets
of values is called the separation range.              When a flash cell is
read, the current conducted by the flash cell       is compared to a
current conducted by a reference flash cell having  a       threshold
voltage, Vt, set to a predetermined voltage that lies within       the
separation range. When a flash cell is selected for reading, a      WO
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biasing voltage is applied to the select gate of the field effect
transistor. 



Simultaneously, the same biasing voltage is applied to the select gate
of the reference cell. If the flash cell is "programmed," excess electrons
are trapped on the floating gate, and the threshold voltage, V[err] of the
flash cell has increased such that the selected flash cell conducts less
drain current than the reference flash cell. The programmed state of
the prior art binary flash cell is typically associated with a logic 0. If
the       prior art flash cell is "erased", the floating gate has fewer
electrons and       the flash cell conducts more drain-to-source current
than the reference       cell. The erased state of the prior art binary
flash cell is usually       associated with a logic 1.
Multi-level flash cells are capable of storing one of more than       two
levels. For example, a multi-level flash cell capable of storing 2
bits can be placed into one of four states. This means that one state is
uniquely assigned to one of the four possible combinations of two bits,
"00," "01," "10," and "11." 2[err]- 1 references are required to
distinguish       between 2[err] states. Thus for 4 states, there must be 3
reference voltages       and 3 separation ranges. For comparison, the prior
art binary flash cell       typically uses one reference voltage to
distinguish between 2 states.              These multi-level flash cells
are read by comparing each of the        2[err]-1 voltage references to a
voltage determined by the drain-to-        source current of the memory
cell. Decoding logic is then used to        translate the output of the
2[err] -1 comparators into n bits.              A flash memory device
typically includes arrays of flash       memory cells. These arrays are
typically grouped into or further       subdivided into blocks. Prior art
flash memory can be programmed       cell by cell, however, flash memory
can only be erased in blocks of       cells.              One disadvantage
of the prior art write technique is that once a       block has data
written to it, the data in that block cannot be modified       without
erasing the block first. In other words, the prior art write
techniques permit only one write cycle for every erase cycle.
One application of flash memory is in the area of solid state
"disks". Solid state disks use nonvolatile memory, such as flash  
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memory, to emulate a conventional computer disk storage device.
Typically, disk sectors are mapped either physically or logically onto
blocks of flash memory cells. Because only one write cycle is possible
for each erase cycle in the prior art storage systems a method of
"cleaning up" the previously written to cells is necessary in order to
make those cells available for data storage again. Typically, the valid
data in a block is copied with the updated data to another block
location. Then the previous block location is marked for cleanup.       The
cleanup process erases  the entire block and makes the block
available for storage again.              One disadvantage of the prior art
method of one write for each       erase on the cell is the amount of
energy consumption required. Thus       in applications where the stored
data must be modified frequently,       considerable amounts of energy are
consumed in moving the valid       data to a new location and erasing the
blocks that the information was       previously stored in.
Another disadvantage of performing an erase step in order to
reprogram the cells is that the erase process typically takes considerably
longer to execute than the programming process.              Another
disadvantage of an erase for every programming cycle       are the cycling
induced reliability errors. The flash memory cells       deteriorate with
each program/erase cycle.  



SUMMARY OF THE INVENTION              In view of limitations of known
systems and methods, one of       the desires of the present invention is
to provide a method of       performing multiple superseding writes of m
bits to a nonvolatile       memory cell without performing an erase. The
method includes the       steps of storing m bits in a first group of
levels of the memory cell and       storing m superseding bits in a second
group of levels of the memory       cell, without erasing the memory cell.
Another method of writing includes the step of storing m bits       in a
first group of levels of the memory cell. A group indicator is
adjusted to identify a subsequent group of levels of the memory cell.
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Without erasing the memory cell, m superseding subsequent bits are
stored in the subsequent group of levels. The steps of adjusting the
group indicator and storing m superseding subsequent bits is
repeated.              Another desire is to provide a method of reading a
memory cell       capable of storing up to k superseding m bit values. This
method       includes the steps of providing a group indicator to identify
a group of       2m adjacent levels of the memory cell and sensing the
identified       group of levels to read an m bit value.             In
addition, a method of deferring an erase operation on a       nonvolatile
memory cell is provided. The erase operation is deferred 



by adjusting a group indicator, wherein the group indicator identifies
2[err] adjacent levels of the memory cell for storing an m bit value..
A backfill technique is introduced as a method of ensuring       consistent
programming times for a given group of levels of the       memory cell.
Other desires, features, and advantages will be apparent from       the
accompanying drawings and from the detailed description that       follows
below.        BRIEF DESCRIPTION OF THE DRAWINGS             The present
invention is illustrated by way of example and not       limitation in the
figures of the accompanying drawings, in which like       references
indicate similar elements and in which:             Figure 1 illustrates
one embodiment of an erased state for a       block of multi-level memory
cells.              Figure 2 illustrates the programming of a level within
a block of       multi-level memory cells.              Figure 3
illustrates the programming of another level within a       block of
multi-level memory cells.              Figure 4 illustrates the programming
of a level of the       multi-level memory cell using a "backfill"
technique.       Figure 5 illustrates four levels of a multi-level memory
cell.       WO 97/12368
PCT/US96/15259                                              -6- 



Figure 6 illustrates one embodiment of a multi-level memory       cell
having n levels grouped into k groups of j levels.        DETAILED
DESCRIPTION              By using the multi-level cell as a single bit
storage device, a       single bit can be written multiple times before an
erase occurs.       Consider an n-level multi-level flash memory cell. The
flash       memory cell can have up to n unique levels. One level will be
reserved for the erased state. The remaining n -1 levels are available
for programming.              During an erase operation charge is removed
from the floating        gate of the flash memory cells. During a
programming operation        charge can be placed on the floating gate of
the flash memory cells. A        programmed or erased state should be
contrasted with a program or        an erase operation. The programmed
state (i.e., placing charge on the        floating gate) of the prior art
binary flash cell is typically associated        with a logic 0 and the
erased state (i.e., removing charge from the.        floating gate) is
usually associated with a logic 1. An erase operation is        a process
of depleting charge from the floating gate. During an erase
operation, any charge in excess of a given threshold on the floating
gate is drained off to ensure that the charge level on the floating gate is
below the threshold level after an erase operation. A programming
operation however, may or may not place charge on the floating gate,
depending upon the value to be stored. The conventional binary flash
cell can always be programmed to a 0 (i.e., have charge placed on the
floating gate). After being programmed to a 0, however, an erase
operation must be performed before the conventional binary cell can
store a 1 again.              In the multi-level cell, instead of storing a
single multibit value        by selecting a charge level, a single bit
could be stored at a given level.        In other words, multiple
superseding writes to a multi-level memory        cell are accomplished by
performing the steps of storing (or writing) a        first bit at a first
level of an n-level multi-level memory cell and then 



storing a second bit at a second level of the multi-level memory cell.
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first value has been overwritten by storing the second bit at the
second level. In essence, this permits multiple writes to the
multi-level cell before an erase operation is required.              In
order to determine the value stored in a given cell, it is       necessary
to know what the last level written to was. This means that       a
tracking mechanism is required to keep track of the current level (or
the proper reference voltage to use). This mechanism might comprise       a
state machine, a memory, or a counter. The degree to which       tracking
is performed (i.e., cell by cell, block, groups of blocks, or device
levels) is referred to as the tracking resolution. In one embodiment,
the tracking mechanism is implemented on a cell by cell basis.
Tracking on a cell by cell basis might be inefficient however due to
practical considerations in implementing the tracking mechanism.
Furthermore, because all flash cells within the block must be erased in
order to erase one flash cell within the block anyway, tracking might
prove to be most efficient at the block or even the device level.
Therefore, alternative embodiments use a block, multiple cell, or
device level tracking resolution. Multiple cell tracking might be
useful, for example, in a solid state disk application where disk sectors
are logically mapped to a number of cells physically arranged as a
subset of cells within a block of cells. 



Figures 1-3 serve to illustrate the result of performing multiple
writes to four 4 level cells. Figure 1 illustrates a group of erased
multi-level cells 110, 120,130, and 140. Figure 2 illustrates writing the
sequence "0101" to the cells. Figure 3 illustrates subsequently writing a
"0110". (The filled in circles represent charge placed on the floating
gates and placing charge on the floating gates is associated with a logic
"0".) These figures do not illustrate separation ranges, however,
referring back to Figure 1, the reference voltages discussed above
correspond to dividing lines 160, 162, and 164 and are used to
determine the values stored in cells 110,120, 130, and 140. The first
level (150) represents the erased state. The empty circles (e.g., 170)
indicate that the floating gates do not contain sufficient charge such
that a threshold dividing levels 1 and 2 is exceeded. When cell 140 is
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sensed and the result compared to a reference voltage corresponding
to dividing line 160, cell 140 will be determined to be erased (i.e.,
storing a "1" at level 1) because there is insufficient charge to exceed
the threshold set by dividing line 160. In actuality, charge may exist
(i.e., filled in circles or partially filled in circles could appear) at
level 1        as long as the charge level does not exceed the threshold of
dividing        line 160.              Figure 2 illustrates storing "0101"
(when viewed from left to       right beginning with cell 210) to the
previously erased cells. The 



"filled-in circle" or dot at a given level is intended to indicate that the
floating gate for that cell has been charged to that level. For example,
dot 270 at level 2 means that the floating gate of cell 210 has had
sufficient charge placed on it so that when the reference voltage
corresponding to 260 is used, the cell will be deemed to be storing a "O"
at level 2 as opposed to being erased or storing a "1"  at level 2. In
other words, dot 270 implies that any voltage measured from cell  210
will be above the threshold of the reference voltage corresponding to
dividing line 260.              In order to store the 0 at level 2
represented by dot 270, the       amount of charge on the floating gate
will exceed the threshold set for       level 1. Thus dot 280.
(corresponding to empty circle 180 in Figure 1)       will become a filled
in circle if it was previously an empty circle as       illustrated in
Figure 1.              Figure 3 illustrates storing "0110" to the group of
cells that were       previously storing a "0101". Note that the floating
gate of cell 310       continues to have charge placed on it and the
floating gate of cell 320       does not yet have any charge placed on it.
In this embodiment, cell       330 does not need to have any additional
charge placed on it. The       floating gate of cell 340, however, must
have sufficient charge placed       on it to bring it up through levels 1
(350) and 2 (352). Because cell  340       did not previously have any
substantial amount of charge on the       floating gate, a greater amount
of time and energy will be required at       this point to add the
appropriate amount of charge. Now that level 3      WO 97/12368
PCT/US96/15259     



-9-        (354) is being used, a level indicator must be set so that the
appropriate       dividing line (i.e., reference voltage) is now used.
All of the reference voltages are used to determine the multi-bit
value stored in a multi-level cell used in the conventional manner as
stated above. In this case, however, the current level indicated by the
level indicator dictates which one of the reference voltages should be
used.              Level 3 has not been used and thus is available for
writing to.       Thus, for an n-level multi-level cell - up to n-1 writes
can be       performed before an erase operation. The multi-level memory
cell       can be written to more than one time before performing an erase
operation as follows: First, a first bit is stored at a first level of an
n-level multi-level memory cell. In order to know the proper
reference voltage to use when reading the cell, a level indicator must
be set to indicate this first level. When a second, superseding bit is to
be written to the cell, the second bit is stored at a second level of the
n-level memory cell. The level indicator is then updated to indicate
that the second level of the cell is now being used.              The
multi-level memory cell can be pseudo-erased and made       available for
storing a value by incrementing the level indicator so       that the level
indicator indicates the next level of the multi-level cell       to be
written to. This procedure can be performed up to n -1 levels       before
an actual erase is required.              Consider a solid state disk as
one application of the multiple       write before erase implementation of
the multi-level memory cell.       Although flash cells are programmed one
at a time, flash cells can       typically only be erased a block at a
time. A conventional binary  cell       can be individually programmed to a
logical 0 at any time, however,       once the cell is programmed to a
logical 0 it must be erased in order to       store a logical 1. Thus if a
bit associated with a binary cell within a       block must change from a 0
to a 1, the whole block must be erased       before that cell can store a 1
again. 



In one embodiment, the "valid" information and the updated
information are copied to a free area of the flash memory. The old      WO
97/12368                                                    PCT/US96/15259
-10-        block location is marked for cleanup so that its storage space
can be       erased and freed up for future storage. This permits deferring
the       erase.procedure which tends to improve performance of the solid
state       disk.             The erase operation tends to require more
time and more       energy than the programming operation. A reduction in
the       execution time of either operation can improve the performance of
the system. If multi-level cells are used instead of the conventional
binary cell, the pseudo-erase operation might be accomplished by
simply incrementing the level indicator for the block of cells
concerned. Although a true erase has not been performed, this
technique permits deferring the erase operation until after the block
has been written to n -1 times for a block of n-level multi-level cells.
This technique has the potential to save energy and erase time.
Because an actual erasure has not occurred, energy otherwise exerted
during the normal erase operation is conserved except for the amount
required to increase a level indicator for the block of memory cells.
The only time required is that needed to increment the level indicator
for the block. Thus the use of this technique can save energy and time
and thus has the potential for improving solid state disk performance. 



An additional technique that might enhance system       performance would
be to "backfill". This technique recognizes that       programming a bit to
a "0" at the qth level of a cell might take       different times dependent
upon whether the previously stored bit was       a "1", or a "0". In other
words the amount of time required to       program the cell at a particular
level is directly related to the amount       of charge. already on the
floating gate.             Figure 4 illustrates an alternative to Figure 3
using the backfill       technique. Note that in writing to level 3 in
Figure 3, cell 320 still has       substantially no charge on the floating
gate due to the fact that three       "1"s have been written to the cell.
If a "0" is to be written at level 4,       more time will be required to
program cell 320 to a "0" than will be       required to program cell 310
to a "0" due to the amount of charge       already on the floating gate of
cell 310. Thus the programming      WO 97/12368
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operation is sensitive to the value previously stored in the
multi-level cells. Figure 4, however, illustrates the same value stored
in level 3 as was stored in Figure 3. The difference is that the
preceding first and second levels are now programmed to a "0" before
proceeding to the next level. Note that 370 of Figure 3 is an empty
circle and 470 of Figure 4 is  a filled circle, yet the value stored at
level 3        is the same in both figures.              The backfill
technique helps to ensure that programming the 



cell to a "O" at any level takes approximately the same amount of time.
This technique does have the disadvantage that time and energy are
required to add charge to the floating gate whenever the level
indicator is incremented. The advantages of using this technique,.
however, include consistent programming times at subsequently        higher
levels that are substantially independent of the current value
stored in the multi-level cells. Referring back to Figure 1, consistent
with the backfill technique, the floating gates of four cells could be
charged up to (but not exceeding) threshold 160. Thus 170 and 180 and
the other circles would be filled-in to represent the charge presence.
Level 1 would still represent the erased state, however, the
programming of level 2 will now require less time because of the
amount of charge already on the floating gates.               The examples
presented above illustrate performing multiple        superseding writes to
a memory without having  to perform an erase        operation between write
operations. In particular, up to n -1 single bit        writes without an
erase can be performed on a multi-level cell having        at least n
levels.               Figure 5 is useful for deriving a generalized
expression for the        number of writes that can be performed without an
erase for a        multi-level cell having n levels. Figure 5 illustrates
multi-level cell        500 which has 4 levels - 501,  502, 503, and 504.
In order to store m bits,        2[err] levels are required. Thus, for
example, two levels are required to        store a single bit. In order to
store a first single bit, charge will be        placed in level 504 or
levels 503 and 504 so that reference 530 can        determine whether a 1
or a 0 is stored after a first write operation.      WO 97/12368
PCT/US96/15259   



-12-        Each  reference can determine one of two states from two
associated       levels. Reference 530 is associated with levels 503 and
504  as indicated       by 570. Reference 520 is associated with levels 502
and 503 as indicated       by 560. Reference 510 is associated with levels
501 and 502 as indicated       by 550. Thus 540,550, and 560 represent
groups of levels associated       with superseding writes such that 550 is
a superseding write group to       560 and 540 is a superseding write group
to 550.              Although each write operation requires 2[err] levels
per bit, a       subsequent  write operation uses the highest level of the
previously       written bit(s) to represent the lowest level of the
subsequently written       bits. Thus at least one level of the levels
required for a subsequent       write operation is effectively overlapped
with the one level of the       levels required for a previous write
operation so that only 2[err] -1       additional levels are required to
write the subsequent set of bits.       Referring to Figure 5, this is
evidenced by the intersection between       two adjacent write groups. Thus
write groups 560 and 550 each require       two levels, however, level 503
is used by both write groups so that       only one additional level is
needed to support two write groups. Thus       the number of additional
levels required to represent m bits for a       given subsequent write
operation is 2[err] -1.              Figure 6 illustrates a multi-level
cell 600 having n levels. The n       levels are grouped into k groups of
levels. In order for each group of       levels to be able to store an m
bit value, j [err] 2[err]. Each group (610) of j       levels may also be
referred to as a write group and can be identified by       a group
indicator.              Assuming an efficient utilization of cell storage
levels so that       each group can store one m bit value without wasting
any levels,       j = 2[err]. Otherwise the number of bits that can be
stored per write       group is int(log[err](j)), The result of the
function int(x) is the integer       component of x. Thus for example,
int(5/3) = 1. The result of the 



function log2(x) is the logarithm (base 2) of x such that if x = 2[err]
then       log[err] (x)= a. In one embodiment j is an integer power-of-two
so that       j=2m.      WO 97/12368
PCT/US96/15259                                       -13-             The
method of performing multiple writes without an erase      can be
generalized to performing k writes wherein an m bit value is      written
for each write. In the general case, there are k groups of levels
available for writing (i.e., k write groups). Each write group
subsequent to the first write group shares a level with a preceding
write group. The first write group requires 2m levels. Each of the next
k-1 write groups requires 2[err] -1 additional levels. This enables
determination of n, the total number of levels required to allow k
writes of an m bit value without performing an erase.            In order
to write up to k superseding m bit values to a memory      cell wherein
each subsequent write supersedes an m bit value stored      by a preceding
write operation, the memory cell must have n levels      where
n[err]k(2[err] - 1)+1.            The variable k indicates the maximum
number of write      operations to be performed before an erase operation
is required.      Solving for k yields:  [err] 



Applying this equation to the single bit case (i.e., m = 1) yields      k =
n-1 which is in agreement with the single bit examples presented
above.            The variables n and m can be chosen such that k is not an
integer. In one embodiment, however, partial writes are not      permitted
so that k must be an integer. Given that int(x) [err] x (for      x > 0),
the variable k can be selected as any integer as long as  [err]
In one embodiment, at least one of n and m  is not an integer.      In
another embodiment n and m are integers and are chosen such that   [err]
Unlike the single bit case, there is not a one-to-one      correspondence
between voltage references and write groups when      WO 97/12368
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multiple bits are written (i.e., m>l). In order to determine one of 2m
states from each write group, 2[err] - 1 references will be required. Thus
a given write group is now associated with 2[err] - 1 references. (Note
that for the single bit case, m =1 and 2[err] -1 =2[err]-1= 1 reference so
that       there is a one-to-one correspondence between references and
write       groups.) 



Once an m bit value has been written to a given write group, a
superseding m bit value can be written to the multi-level cell without
performing an erase by writing to the next write group. In  other
words, a method of writing to a memory cell includes the step of
writing a first m bit value to a first write group of the memory cell. A
superseding second m bit value is written to a second write group of
the memory cell.              A group indicator can be used analogous to
the level indicator       presented above with respect to the single bit
case. The group       indicator is used to determine which of the k groups
is being used to       store an m bit value. The group indicator also
indicates the number of       writes that have already been performed
without an erase. Instead of       advancing a single level to store a
value, the group indicator is       adjusted so that the next available
write group for a subsequent       superseding write of an m bit value can
be determined.             In one embodiment the group indicator is
incremented to       identify the next write group available for a
subsequent superseding       write.             Thus one method of writing
to a memory cell includes the steps       of storing m bits in a first
group of levels of the memory cell, adjusting       a group indicator to
identify the next available group, and storing       m subsequent
superseding bits in a second group of levels of the       memory cell,
without erasing the memory cell.             Once k write operations have
been performed, the memory cell       must be physically erased before
additional write operations can be       performed. The group indicator
will have to be adjusted depending      WO 97/12368
PCT/US96/15259   



-15-        upon whether a full physical erasure or partial physical
erasure is       permitted.             In one embodiment, a partial
physical erase is permitted. In a       partial physical erase, the charge
stored within one write group of the       memory cell is removed until no
charge remains within that one       write group. In such a case, the group
indicator should be initialized       depending upon how many write groups
are erased. If the current       write group is write group i and enough
charge is removed to erase b       write groups, then the group indicator
must be decremented or       initialized to i - b. In other words, a
partial erase can be accomplished       by removing charge from an n-level
memory cell having k write       groups such that write groups k - b
(wherein b < k) through k are       storing substantially no charge.
If in an alternative embodiment, however, only full physical       erasures
are permitted, then substantially all charge is removed from       the
multi-level memory cell during a physical erase operation. In       such a
case, the group indicator should be initialized so that after the
full physical erase operation the group indicator points to the first of
the k available groups within the memory cell.             As with the
examples presented above with respect to the single       bit erase, the
memory cell appears to be erased from an m bit       viewpoint when the
group indicator is properly adjusted. When the       group indicator is
adjusted to identify an available set of 2[err] adjacent       levels of
the memory cell, the memory cell appears to be erased from       the m bit
viewpoint. Effectively, however, a true erase is deferred for       k write
operations. Thus the memory cell is "erased" by advancing       the group
indicator to the next available set of 2m adjacent levels.       After k
writes, however, the memory cell will have to be fully erased       before
another value can be stored in the memory cell.             A read
operation uses the group indicator to determine which 



set of 2[err] levels need to be sensed in order to determine the m bit
value stored in the memory cell. Because each set of 2[err]' levels
requires 2[err] -1 references, the group indicator effectively identifies
WO 97/12368
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which set of 2[err] -1 references are used to determine the m  bit value
stored in the memory cell. Thus the group indicator is provided to
identify 2m adjacent levels of the memory cell. An m bit value is then
read from the memory cell by determining the state of the 2[err] adjacent
levels.              The backfill technique presented above with respect to
storing        single bits is similarly applicable to storing multiple
bits. In particular,        backfilling is accomplished by storing a
predetermined value in the        first write group before storing m
superseding bits in a second write        group.              Using an
n-level multilevel memory cell to perform multiple        writes of an
m-bit value (wherein. m [err]1) permits a reduction in the        total
number of sense amplifiers required for sensing the value stored        in
the memory cell. All the voltage references within a given write
group are required for sensing the value stored within that write
group. Under normal operation, however, all n levels belong to the
same write group so that the n-level cell is used to store a value
having log2(n) bits. Thus the cell must be erased before a new value
may be programmed into the cell. In order to read the contents of the 



cell all n- 1 voltage references are simultaneously needed. If,
however, each write group consists of 2m levels, then only 2[err]-1
voltage references are needed for each sensing operation. As long as
2[err] < n, this means that fewer than n-1 sense amplifiers are needed
for each sensing operation.              The total number of sense
amplifiers required to read the       memory cell can be reduced from n-1
to approximately 2[err] -1, if       programmable sense amplifiers are
used. Typically a sense amplifier       is a comparator that compares the
sensed value with a reference       voltage. Referring to Figure 1, three
sense amplifiers are required       with corresponding reference voltages
established at 160, 162, and 164       in order to determine the values
stored in cells 110, 120, 130, and 140.       Referring to Figure 6, only
the  sense amplifiers required to read a       current write group are
needed for a given read operation. In order to      WO 97/12368
PCT/US96/15259                                             -17-        read
the next write group, the same 2[err] - 1 sense amplifiers can be
used, if the reference voltage for each sense amplifier is adjusted 2[err]
levels. The effect is to shift the reference voltages of all 2[err] - 1
sense       amplifiers to correspond to the reference voltages needed to
read the       m bit value stored in the next write group.              In
one embodiment, 2[err] -1 programmable sense amplifiers are       used to
read an m bit value stored in a first group of 2m adjacent       levels.
The same 2[err]-1 programmable sense amplifiers are 



reprogrammed to read an m bit value stored in a second group of 2m
adjacent levels. The reference voltage level programmed for a given
sense amplifier is determined from a programmable value. In one
embodiment, the programmable value is the group indicator. Thus       the
reference voltage for a given sense amplifier is adjusted 2m levels
each time the group indicator is incremented or decremented.
Thus another method of reading an m bit value from a       multi-level
memory cell is described. A first group of 2m adjacent       levels of the
memory cell are identified. The first group is sensed       using a first
set of 2[err] -  1 sense amplifiers. A second group of 2m       adjacent
levels of the memory cell are then identified. The second       group is
sensed using the same first set of 2[err] - 1 sense amplifiers. In
one embodiment, the 2m - 1 sense amplifiers are programmed in
accordance with the group indicator, wherein a reference voltage (or
reference level) of each sense amplifier is adjusted 2[err] levels each
time       the group indicator is incremented or decremented. Thus in one
embodiment, the reference level of each of the 2[err] - 1 sense amplifiers
is incremented 2[err] levels, if the group indicator is incremented.
Similarly, the reference level of each of the 2[err] - 1 sense amplifiers
is       decreased 2[err] levels, if the group indicator is decremented.
Although flash memory has been used in the examples       presented above,
these methods are applicable to any memory that       permits the
successive storing of charge during subsequent       programming operations
and the sensing of successive variable       amounts of charge (i.e.,
positive or negative variations in charge).      WO 97/12368
PCT/US96/15259    



-18-        Examples of such memories include non-multi-level flash memory
cells (non-MLC flash), electrically erasable programmable read only
memory (EEPROM), erasable programmable read only memory       (EPROM), read
only memory (ROM), and multi-level flash (MLC       flash) cells as
described above.             In  the preceding detailed description, the
invention is described       with reference to specific exemplary
embodiments thereof. Various       modifications and changes may be made
thereto without departing       from the broader spirit and scope of the
invention as set forth in the       claims. The specification and drawings
are, accordingly, to be regarded       in an illustrative rather than a
restrictive sense.      WO 97/12368
PCT/US96/15259                                            -19-
CLAIMS       What is claimed is:         1.   A method of writing to a
memory cell comprising the steps of:             storing m bits in a first
group of levels of the memory cell; and             storing m superseding
bits in a second group of levels of the       memory cell, without erasing
the memory cell. 



2.   The method of claim 1 wherein the memory cell is a       nonvolatile
memory cell.         3.   The method of claim 2 wherein the memory cell is
a flash       memory cell.         4.   The method of claim 1 wherein the
memory cell is a       multi-level cell having at least n levels, wherein
the n levels include       k groups, each group including j of the n
levels.         5.   The method of claim 4 wherein j [err] 2[err].
6.   The method of claim 5 wherein j = 2[err].         7.   The method of
claim 4 wherein m , k, and n are integers.         8.   The method of claim
7 wherein k= [err]         9.   The method of claim 1 wherein the first and
second groups of       levels overlap to include at least one level in
common.      



WO 97/12368
PCT/US96/15259                                           -20-       10. A
method of writing to a memory cell comprising the steps of:
storing m bits in a first group of levels of the memory cell;
storing m superseding bits in a second group of levels of the      memory
cell, without erasing the memory cell; and             adjusting a group
indicator to identify the second group.        11.   The method of claim 10
wherein the memory cell is a      nonvolatile memory cell.        12.   The
method of claim 10 wherein the memory cell is a flash      memory cell.
13.   The method of claim 10 further comprising the step of storing a
predetermined value in the first group of levels before the step of
storing m superseding bits  in a second group of levels.        14.   A
method of reading a memory cell comprising the steps of:
identifying a group of 2[err] adjacent levels of an n level memory
cell; and             sensing the group to read an m bit value.        15.
The method of claim 14 wherein the memory cell is a 



nonvolatile memory cell.        16.   The method of claim 14 wherein the
memory cell is a flash      memory cell.        17.   A method of reading a
memory cell comprising the steps of:             identifying a first group
of 2m adjacent levels of the memory      cell;             sensing the
first group to read an m bit value;       WO 97/12368
PCT/US96/15259                                            -21-
identifying a second group of  2[err] adjacent levels of the memory
cell;             sensing the second group to read another m bit value.
18.   A method of deferring a memory cell erase, comprising the step
of:             adjusting a group indicator, wherein the group indicator
identifies 2m adjacent levels of the memory cell for storing an m bit
value. 



19.   The method of claim 18 wherein the memory cell is a      nonvolatile
memory cell.        20.   The method of claim 18 wherein the memory cell is
a flash      memory cell.        21.   A method of reading a memory cell
comprising the steps of:             identifying a first group of 2m
adjacent levels of the memory      cell;             sensing the first
group using a first set of 2[err] -1 sense amplifiers      to read an m bit
value;             identifying a second group of 2[err] adjacent levels of
the memory      cell;             sensing the second group using the same
first set to read      another m bit value.        22.  The method of claim
21 wherein each of the first and second      groups is identified by a
group indicator.      WO 97/12368
PCT/US96/15259                                           -22-  



23.   The method of claim 22 wherein the sensing steps. further
comprise the step of:             setting a reference level of each of the
2[err] -1 sense amplifiers in      accordance with the group indicator.
24.   The method of claim 23, further comprising the step of:
increasing the reference level of each of the 2[err] -1 sense
amplifiers 2[err], if the group indicator is incremented.        25.   The
method of claim 23, further comprising the step of:             decreasing
the reference level of each of the 2[err] -1 sense      amplifiers 2[err]
levels, if the group indicator is decremented.        26.   A method of
writing to a memory cell comprising the steps of:             a) storing m
bits in a first group of levels of the memory cell;             b)
adjusting a group indicator to identify a subsequent group of      levels
of the memory cell;             c) storing m superseding subsequent bits in
the subsequent      group of levels, without erasing the memory cell; and
d) repeating steps b)and c).        27.   The method of claim 26 further
comprising the steps of:             e) erasing the memory cell; and
f) initializing the group indicator.        28.   A method of performing a
partial physical erase on a memory      cell, comprising the step of:
removing charge from an n-level memory cell having k write      groups such
that write groups k - b through k are storing substantially 



no charge, wherein b < k.      WO97/12368
PCT/US96/15259                                       -23-      29.  The
method of claim 28, further comprising the step of:           setting a
group indicator to k - b, wherein the group indicator     indicates the
next write group available for programming.    


