
CHARGE LOSS COMPENSATION DURING PROGRAMMING OF A MEMORY DEVICE TECHNICAL
FIELD OF THE INVENTION 5100011 The present invention relates generally to
memory devices and in particular the present invention relates to
non-volatile memory devices. BACKGROUND OF THE INVENTION [0002] Memory
devices are typically provided as internal, semiconductor, integrated
10circuits in computers or other electronic devices. There are many
different types of memory including random-access memory (RAM), read only
memory (ROM), dynamic random access memory (DRAM), static RAM (SRAM),
synchronous dynamic RAM (SDRAM), and flash memory. [0003] Flash memory
devices have developed into a popular source of non-volatile  15 memory for
a wide range of electronic applications. Flash memory devices typically use
a one-transistor memory cell that allows for high memory densities, high
reliability, and low power consumption. Common uses for flash memory include
personal computers, personal digital assistants (PDAs), digital cameras, and
cellular telephones. Program code and system data such as a basic
input/output system (BIOS) are typically stored in flash memory devices
20for use in personal computer systems. [0004] During a typical prior art
programming operation of a flash memory cell, a selected word line coupled
to the selected memory cell to be programmed is biased with a series of
incrementing voltage programming pulses that start at an initial voltage
that is greater than a predetermined programming voltage (e.g.,
approximately 16V). The programming pulse 25increases a charge level,
thereby increasing the cell's threshold voltage Vt, on a floating gate of
the memory cell. After each programming pulse, a verification operation with
a word line voltage of OV is performed to determine if the cell's threshold
voltage has increased to the desired programmed level. [0005] Inunediately
after programming, the floating gate can experience multiple forms of
30charge loss that occur at the time of ion implantation that can cause
defects in the data 



retention characteristics of the floating gate. These include single bit
charge loss, intrinsic charge loss, and quick charge loss.  WO
2009/111158PCT/US2009/034270 2  [00061 Single bit charge loss is the result
of a defective memory cell that exhibits electron leakage. This leakage can
be accelerated with voltage or high temperature stress and results in
inferior data retention. [0007] Intrinsic charge loss is an immediate
leakage of electrons from the floating gate,  5 closest to the tunnel oxide,
after a programming pulse. The trapped charge initially causes the cell V,
to appear higher than the floating gate is programmed. The leakage of these
electrons after programming then causes a one time shift in the threshold
voltage. [0008] Quick charge loss also causes an immediate Vt shift after a
programming pulse. Quick charge loss is the result of electrons trapped in
the tunnel oxide layer after the 10programming pulse moving back into the
channel region. When a cell passes the verify operation, the cell is
inhibited from further programming and quick charge loss begins When the
cell is read after the program operation has been completed, the cell has a
Vt that is lower than the V, obtained during the program verify operation.
This can require an enlargement of the V, distribution in order to
accommodate all possible threshold voltages for a given state. 15[0009]
Figure I shows a plot of VwL versus time of a typical prior art programming
operation with the accompanying real and ideal minimum/maximum threshold
voltage of the target cell. The upper plot 100 shows the series of
incrementally increasing programming pulses 101 being applied to the target
cell as the word line voltage VwL. After each programming pulse 101, a
verify pulse 102 occurs at a \iv& level. 20[00101 The lower plot 110 shows
the resulting V, "distribution" of the target cell being programmed. The top
Vt plot 112, 116 is the maximum threshold voltage of the distribution and
the lower Vt plot 111, 114 is the minimum threshold voltage of the
distribution as illustrated in Figure 2. As the programming pulses 101 of
the first plot 100 are applied to the target cell control gate, the V, 111,
112 increases to approximately the Vl_vry level. Once at 25this level, the
target cell is verified and inhibited from further programming. The ideal V,
113, 115 is shown staying level at V,. However, the real V, 114, 116 of the
target cell begins to decrease almost immediately after the last programming
pulse. 



[0011] Figure 2 illustrates a typical prior art V, distribution of the
programmed target cell in accordance with the V, plot of Figure 1. In Figure
2, the dotted line 200 represents the ideal 30distribution while the solid
line 201 represents the real distribution. The lower end 205 of the ideal
distribution 200 corresponds to the lower ideal-V, plot 113-of Figure-land
the upper  WO 2009/1111583PCT/US2009/034270 end 210 of the ideal
distribution 200 corresponds to the upper ideal V, 115. Similarly, the lower
end 206 of the real distribution 201 corresponds to the lower real V, plot
114 and the upper end 207 of the real distribution 201 corresponds to the
upper real V, plot 116. [0012] The lower end of the ideal distribution 200
is verified at the VpgaL'Cy voltage. After 5the programming operation and
subsequent inhibition of the target cell, the distribution shifts in the
negative direction by an amount equal to VQci, and ends at the lower V, 206.
Such a shift in the distribution would necessitate an enlarged distribution
that starts at the real lower V, 206 and extends to the ideal upper V, 210.
100131 In a single level cell (SLC), a V, distribution enlargement does not
have much affect 10on the reading of a programmed memory cell. However, in a
multiple level cell (MLC) memory cell, the state distributions are typically
more closely spaced in order to fit all of the states within a low supply
voltage range, Enlarging the V, distributions in an MLC device can thus
reduce the number of states that are programmable into the device.
Additionally, the enlarged V, distributions can overlap and result in errors
in reading the different states. 15100141 For the reasons stated above, and
for other reasons stated below that will become apparent to those skilled in
the art upon reading and understanding the present specification, there is a
need in the art to reduce charge loss in a memory device. BRIEF DESCRIPTION
OF THE DRAWINGS 20100151 Figure 1 shows a plot of VwL versus time of a
typical prior art programming 



operation with the accompanying real and ideal V, of the target cell. [0016]
Figure 2 shows a typical prior art V, distribution, in accordance with
Figure 1, that has been affected by quick charge loss.      [0017] Figure 3
shows a plot of a typical memory cell V, versus time that illustrates quick
25charge loss in a floating gate memory device. 100181 Figure 4 shows a
flowchart of one embodiment of a programming method for reducing the quick
charge loss of a memory device. 100191 Figures 5A - 5D show multiple plots
ofVt, Vb1, and Vpgm_eff versus time.      [0020] Figure 6 shows a state
diagram of one embodiment of a programming operation in 30accordance with
the quick charge loss compensation embodiments.  WO
2009/111158PCT/US20091034270 4 [0021] Figure 7 shows a block diagram of one
embodiment of a memory system that can incorporate the quick charge loss
embodiments of the present disclosure. DETAILED DESCRIPTION 5[0022] 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. In 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
10invention. Other embodiments may be utilized and structural, logical, and
electrical changes 



may be 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 and equivalents thereof [0023] Figure 3 illustrates a plot
of a typical memory cell V, versus time "t". This plot 15shows the quick
charge loss (QCL) that occurs in a typical floating gate, non-volatile
memory device. This figure shows the charge loss portion 300 that is
detected by the program verify as well as the residual charge loss 301 that
has an impact on read margins. [0024] If it is assumed that a programming
pulse ends at time t 0, the V, necessary to pass the verify operation is
equal to Vto. Such a V, can decay, due to QCL, to a value not lower 20than
VIc,. The QCL phenomenon then stops at approximately t = t2. The decaying of
the cell's charge depends on the time elapsed from the last programming
pulse. [0025] If the memory cell is verified as having a V, of Vio at time t
= to and is also inhibited at this time, the cell can have a maximum V,
shift due to QCL equal to AV,_qc, = V10 -Vqci. If the program verification
does not occur until time t2, the Vt shift due to QCL could be 25detected
and compensated by the programming algorithm since the QCL phenomenon is
virtually complete by this time. [0026] If the program verify operation is
performed at t = t,, the cells that experience a V, shift due to QCL below
the V10 level do not pass the verify operation. These cells are programmed
again. The maximum undetectable negative shift is V11 - Vqd <V10 - Vqd,
30relative to the cells that had Vt= Vto + (Vto - V11) at time to. By
changing ti, QCL versus time can be measured by measuring the residual
distribution-shift at-the-end of the-program -  WO
2009/111158PCT/US2009/034270 5 



algorithm versus tl. Adding a fixed wait time period between the last
programming pulse and the program verify operation reduces QCL but produces
a negative impact on the memory performance. 100271 The progranuning
operation of the present disclosure can provide reduced QCL 5without the
impact on memory performance by using one or more additional programming
pulses between the last, successful programming pulse and the verify locking
of the memory cell. Figure 4 illustrates a flowchart of one embodiment of a
programming method that reduces QCL in a non-volatile memory device. [0028]
The selected memory cell is programmed 401 to the target Vt that is
associated with 10the desired state. A program verify operation is performed
on the selected memory cell 403 to determine if it has reached the target V,
405. If the target V, has not been reached 405, the programming/verification
is repeated. Otherwise, the memory cell is inhibited from further
programming 406. [0029] In one embodiment, the memory cell is inhibited from
further programming by 15biasing the bit line coupled to the memory cell at
Vcc. The control gate of the selected memory cell may still experience the
programming pulses but the bit line biased at the inhibit voltage inhibits
any further programming of the cell by decreasing the gate-to-drain voltage
across the memory cell. [0030] At least one successive programming pulse is
applied 407 to program other cells on 20the same word line (i.e., other
cells having their control gates commonly coupled) as the target cell while
the selected memory cell is inhibited. After at least one inhibited
programming pulse, the selected memory cell is verified again 408. If the
program verification determines 409 that the selected cell has a V, less
than the target Vt (i.e., decreased due to QCL), another programming pulse
is applied 410 to the word line (i.e., the 25control gate) of the selected
memory cell. This programming operation is performed at a slower rate than
the initial programming of the selected memory cell. [0031] In one
embodiment, the slower programming rate of the final programming pulse is
achieved by the bit line bias. The bit line coupled to the selected memory
cell can be biased at a voltage between the inhibit supply voltage (Vcc) and
ground potential. For example, a 



30Mcgm voltage instead of the DV bit line bias used during a normal
programming operation  WO 2009/1111586PCT/US2009/034270 can be used. The
AVpga, voltage establishes a voltage difference of AVpg," between the memory
cell channel and the control gate. [0032] The iV1, voltage, as illustrated
in Figure 5A, is the step voltage between successive, incrementally
increasing programming pulses. Without the higher bit line bias, 5the
control gate of the selected memory cell would be exposed to a programming
pulse that is 2 * AVpgq" greater than a previous programming pulse since at
least two incrementally increasing programming pulses have occurred since
the last uninhibited programming pulse. The AVps," bit line bias slows the
programming of the selected memory cell in order to avoid over-programming
(i.e., overshooting the target V1). 10[0033] After the programming pulse
using the slower programming rate, a program verify operation is performed
412 and the selected memory cell is definitively inhibited (i.e., locked)
411 from further programming. Only an erase operation can undo the program
lock. Even though a verify operation 412 is automatically performed after
each programming pulse, in this case the lock operation is performed without
evaluating the program verify. The 15programming method is finished after
all of the memory cells to be programmed have all been locked against
further programming. [00341 If the selected memory cell has reached the
target V, 409, the lock without program verify evaluation is performed 411.
The programming method has been completed when all of the memory cells to be
programmed are locked. In one embodiment, an additional dummy 20programming
pulse is used after the first verify pass of the last memory cell being
programmed. [0035] Figures 5A - 5D illustrate a set of associated plots of
word line voltage (Vv,,L) versus time (Figure 5A), threshold voltage (V,)
versus time, bit line voltage (V,,,) versus time, and program effectiveness
voltage (Vc.g," eff) versus time. The Vfc voltage is the voltage
differential between the gate and the channel region of the memory cell and,
thus, the effective voltage being applied to program the selected cell. 



[0036] The plots of Figures 5A - 5D are arranged such that substantially the
same point in time is lined up between all of the graphed signals in order
to illustrate the effect of the programming pulses and inhibit voltages on
the programming of the selected memory cell.  WO
2009/1111587PCT/U52009/034270 cells. The series of programming pulses start
at a minimum programming voltage (e.g., 15V) and increase by a step voltage
of Avpu", from the previous programming pulse, up to a maximum programming
voltage (e.g., 20V). In one embodiment, AVpuff, is 0.5V. Alternate
embodiments can use other step voltages. 5[0038] After each programming
pulse, a program verify pulse is applied to the word line (i.e., the control
gate) at the V,,fy voltage. This voltage turns on the selected memory
cell(s) to determine whether the selected cell has been programmed to the
target V. The program verify operation is comprised of turning on each
memory cell being programmed and comparing the resulting current on the bit
line coupled to the selected memory cell with a 10reference current. if the
resulting current is equal to or greater than the reference current, the
target Vt has been reached. [0039] The first verify pulse 510 at which the
verify operation passes is illustrated as lining up with the V, of Figure 5B
that is above the Vff,_"fy voltage threshold. This is the threshold above
which a memory cell is considered to be programmed to its target Vt. At this
point, 15Figure 5C shows that Vbi, which has been at OV for the entire
programming process, is now at Vcc in order to inhibit further programming
of the selected memory cell. Figure 5D illustrates that the program
effective voltage on the memory cell increases by Avpun, as a result of each
programming pulse. However, when the Vbi voltage is increased to Vcc in
order to inhibit further programming of the selected memory cell, the
effective program voltage is now OV 20during the inhibit period 520. 10040]
Figure 5B additionally shows that after the passing verification operation
510, the 



V, begins to decline due to quick charge loss as previously described. One
programming pulse 505 is shown following the passing program verify 510.
Alternate embodiments may use additional programming pulses. These
programming pulses are applied to other memory 25cells on the same selected
word line as the selected memory cell being programmed (i.e., those memory
cells having their control gates commonly coupled). However, due to Vbi
being at an inhibit voltage (e.g., WO, the selected memory cell is not
affected as illustrated in Figure 5D.      [0041] Another verification
operation 511 is then performed to determine the extent of the 30charge
loss, Figure 5B shows this verification operation as failing since Vt has
passed back - below the Vt_-,,fy threshold.-In this-case, another
programming pulse-is issueddo the selected  WO 2009/1111588PCT/US2009/034270
memory cell at the same time that Vh, is decreased to the AVppm voltage as
seen in Figure 5C. Figure 5D shows that the memory cell has been exposed to
a programming voltage pulse 531 that is AVpg," greater than the last
programming pulse 530 that caused the memory cell to exceed the target V.
5[0042] Figure 5A shows that another verification operation 501 is then
performed. This verification 501 is not evaluated and the selected memory
cell is locked from further programming by increasing VIA back to Vcc.
Figure 5D shows that the remaining programming pulses of Figure 5A are
ignored and the selected memory cell is inhibited from further programming.
Figure 5B shows that V, again experiences a charge loss but that the Vi
10has started from a higher voltage than the previous successful programming
and, therefore, the end result is a programmed memory cell having a V, equal
to or greater than the target V,. This programming is accomplished while
still using extra programming pulses 500 to program other memory cells so
that memory performance is not affected. 100431 Figure 6 illustrates a state
diagram of one embodiment of the method for 15programming as illustrated in
Figures 4 and 5A - 5D. The process begins in the programming state 600 where
the V, is lower than the target value. In this state 600, the selected
memory cell is receiving programming pulses and program verify (PV)
operations are occurring. In this state, the bit line is set to OV and the
V, shift is equal to the Vpgm step voltage. While the PV fails, the state
remains as the programming state 600. After the PV initially passes the V, 



20target value, the state moves to the inhibit state 601. [0044] While in
the inhibit state 601, the bit line is biased at Vcc and the word line that
is connected to the selected memory cell is receiving at least one
additional programming pulse. The V, in this state remains at OV since the
series string of memory cells connected to the bit line is inhibited.
However, this inhibit is not necessarily permanent. 25[0045] After the
additional programming pulses that occur while the bit line is inhibited,
another programming verify operation is performed. If this verify still
passes, the state passes to the locked state 605. The verify operation would
pass if the selected memory cell had been programmed to a high enough V,
that the quick charge loss did not shift the V, lower than the target V,.
The V, could also have remained high enough to pass if the quick charge loss
was 30not enough to shift the V, below the threshold.   [0046] If the
programming verify operation performed in the inhibit state 601 fails, the
state moves to the bias AVpo, state 603. To get to this state, the selected
memory cell has passed the previous verify operation while in the program
state 600 but failed the verify operation while in the inhibit state 601.
While in the AVpg", state, the bit line is biased at the 5Vpg."-, step
voltage (i.e., AVpg",). Also in this state 603, the V, increments by AVpgm
While the program verify operations fail, the state remains as the bias
AVpg,,, state 603. When the program verify operation passes, the programming
method moves to the locked state 605.  [0047] While in the locked state 605,
the bit line is biased at VCC in order to inhibit further programming of the
selected memory cell on the selected word line. Therefore, the Vt shift is
10 0 in this state 605 no matter how many programming pulses are issued. The
selected memory cell remains in the locked state 605 until the memory block
of which the selected cell is a part is erased. [0048] The above-described
embodiments can be implemented in a non-volatile memory device, such as a
flash memory device, that is programmable in any bit density. For example,
15the memory device may have a single level cell (SLC) NAND flash memory
array that stores a single bit (i.e., a logical "1" or a logical "0"), a
multiple level cell (MLC) NAND flash memory array that stores multiple bits
(i.e., a logical "10"), or the memory array can have a combination of SLC
and MLC memory cells. [0049] Figure 7 illustrates a functional block diagram
of a memory device 700. The 20memory device 700 is coupled to an external
processor 710. The processor 710 may be a microprocessor or some other type
of controlling circuitry. The memory device 700 and the processor 710 form
part of a memory system 720. The memory device 700 has been simplified to
focus on features of the memory that are helpful in understanding the
present invention. 



25[0050] The memory device 700 includes an array 730 of non-volatile memory
cells. The memory array 730 is arranged in banks of word line rows and bit
line columns. In one embodiment, the columns of the memory array 730 are
comprised of series strings of memory cells. As is well known in the art,
the connections of the cells to the bit lines determines whether the array
is a NAND architecture, an AND architecture, or a NOR 30architecture.
[00511 Address buffer circuitry 740 is provided to latch address signals
provided through the I/O circuitry 760. Address signals are received and
decoded by a row decoder 744 and a column decoder 746 to access the memory
array 730. It will be appreciated by those skilled in the art, with the
benefit of the present description, that the number of address input  5
connections depends on the density and architecture of the memory array 730.
That is, the number of addresses increases with both increased memory cell
counts and increased bank and block counts. [0052] The memory device 700
reads data in the memory array 730 by sensing voltage or current changes in
the memory array columns using sense amplifier circuitry 750. The sense
0amplifier circuitry 750, in one embodiment, is coupled to read and latch a
row of data from the memory array 730. Data input and output buffer
circuitry 760 is included for bidirectional data communication as well as
address communication over a plurality of data connections 762 with the
controller 710. Write circuitry 755 is provided to write data to the memory
array. 15[0053] Memory control circuitry 770 decodes signals provided on
control connections 772 from the processor 710. These signals are used to
control the operations on the memory array 730, including data read, data
write (program), and erase operations. The memory controller circuitry 770
may be a state machine, a sequencer, or some other type of controller to
generate the memory control signals. In one embodiment, the memory control
circuitry 770 is 20configured to execute the programming method of the
present embodiments in order to compensate for quick charge loss. [00541 The
flash memory device illustrated in Figure 7 has been simplified to
facilitate a basic understanding of the features of the memory. A more
detailed understanding of internal circuitry and functions of flash memories
are known to those skilled in the art. 



25Conclusion [00551 In summary, one or more embodiments provide compensation
for quick charge loss in a memory device during a progranuning operation. In
one such embodiment, target memory cell, after a successful program verify
operation, is inhibited while at least one additional programming pulse is
issued. A program verify operation is then performed on the 30target memory
cell. If the target memory cell fails the verify operation, the bit line
coupled to the target cell is-then-biased-at AV-i*ii-fOr a fuial-programming
pulse: The AV-Funi biasing of  the bit line slows the movement of the target
cell V, during programming. Alternate embodiments can use other ways to slow
the programming of the target memory cell to a slower rate than the initial
programming. The target cell is then locked from further programming by the
biasing of the bit line at Vcc. 5[0056] Although specific embodiments have
been illustrated and described herein, it will be appreciated by those of
ordinary skill in the art that any arrangement that is calculated to achieve
the same purpose may be substituted for the specific embodiments shown. Many
adaptations of the invention will be apparent to those of ordinary skill in
the art. Accordingly, this application is intended to cover any adaptations
or variations of the invention. It is 10manifestly intended that this
invention be limited only by the following claims and equivalents thereof
12 What is claimed is:  1. A method for quick charge loss compensation in a
memory device, the method comprising:       biasing a selected memory cell,
coupled to a selected word line, with programming pulses until the selected
memory cell passes a first program verify operation; 



biasing the selected memory cell with an additional programming pulse in
response to the selected memory cell failing a second program verify
operation that follows the first program verify operation, while a bit line
coupled to the selected memory cell is biased to slow programming of the
selected memory cell; and       biasing the bit line at an inhibit voltage
without evaluating a third program verify operation in response to a final
programming pulse.  2. The method of claim 1 and further including
inhibiting programming of the selected memory cell, between the first and
second program verify operations, while other memory cells coupled to the
selected word line are biased with additional programming pulses.  3. The
method of claim 1 wherein biasing the bit line at the inhibit voltage
without evaluating comprises inhibiting programming of the selected memory
cell until a subsequent erase operation is performed.       The method of
claim I wherein biasing the selected memory cell with programming pulses
comprises biasing the selected word line with a plurality of incrementally
increasing pulses such that each subsequent pulse is increased by a step
voltage of AVpg., over the preceding pulse. 5.The method of claim 4 wherein
the bit line is biased at AVpgm to slow programming of the selected memory
cell.  13  6. The method of claim 1 wherein the inhibit voltage is Vcc.  7.
A method for quick charge loss compensation in a non-volatile memory device,
the method comprising:       programming, at a first programming rate, a
selected memory cell that is coupled to a selected word line;
inhibiting programming of the selected memory cell in response to the
selected memory cell passing a first program verify operation during the
programming;       continuing to program additional memory cells coupled to
the selected word line while the selected memory cell is inhibited;
performing a second program verify operation on the selected memory cell
after the first program verify operation; and       programming the selected
memory cell at a second programming rate in response to failing the second
program verify operation.  8. The method of claim 7 wherein the second
programming rate is slower than the first programming rate. 



9. The method of claim 7 wherein the second programming rate is determined
in response to biasing of a bit line coupled to the selected memory cell.
10. The method of claim 9 wherein the biasing of the bit line is a voltage
between Vcc and ground potential.  11. A method for programming a NAND flash
memory device, the method comprising:       biasing a selected word line,
coupled to a selected memory cell, with a plurality of programming pulses,
each programming pulse having an associated program verify  14 operation and
the plurality of programming pulses starting at a minimum programming
voltage and increasing by a step voltage over a preceding programming pulse;
inhibiting programming of the selected memory cell after the selected memory
cell passes a first program verify operation;       biasing the selected
word line with at least one programming pulse while the selected memory cell
is inhibited; performing a second program verify operation on the selected
memory cell;       if the program verify operation fails, biasing the
selected word line with a final programming pulse while biasing a bit line
coupled to the selected memory cell at the step voltage; and locking the
selected memory cell from further programming.  12. The method of claim 11
wherein each program verify operation is comprised of a verify pulse.  13.
The method of claim 11 and further including performing a final program
verify operation after the final programming pulse wherein the final program
verify operation is not evaluated.  14. The method of claim 11 and further
comprising biasing the bit line at OV while biasing the selected word line
with the plurality of programming pulses.  15. The method of claim 11
wherein the plurality of programming pulses program the selected memory cell
with multiple bits.  16. The method of claim 11 wherein locking the selected
memory cell comprises biasing the bit line at Vcc until a subsequent erase
operation is performed. 



17. A non-volatile memory device comprising:  15       a memory array
comprising a plurality of memory cells coupled to word lines and bit lines;
and       a memory controller coupled to the memory array for controlling
operation of the memory array wherein the memory controller is configured to
execute a programming operation of a selected memory cell on a selected word
line that includes a bias of the selected word line with incrementally
increasing programming pulses until the selected memory cell passes a first
program verify operation, a bias of the selected word line with at least one
programming pulse while the selected memory cell is program inhibited, a
bias of the selected memory cell with a final programming pulse when the
selected memory cell fails a second program verify operation while a bit
line coupled to the selected memory cell is biased with a voltage greater
than ground potential, and a bias of the bit line at an inhibit voltage
without evaluating a third program verify operation after the final
programming pulse.  18. The memory device of claim 17 wherein the device is
a NAND flash memory device.  19. The memory device of claim 17 wherein the
plurality of memory cells are floating gate memory cells.  20. The memory
device of claim 17 wherein the plurality of memory cells are configured to
be multiple level cells, single level cells, or a combination of multiple
level and single level cells.  21. A memory system comprising:       a
processor for controlling operation of the memory system and generating
memory signals; and       a non-volatile memory device coupled to the
processor and operating in response to the memory signals, the memory device
comprising:  16       a memory array comprising a plurality of memory cells
coupled to word lines and bit lines; and       a memory controller coupled
to the memory array for controlling operation of the memory array wherein
the memory controller is configured to bias a selected word line with
programming pulses that increase by a step voltage from a previous
programming pulse until a selected memory cell passes a first program verify
operation, inhibit programming of the selected memory cell while continuing
to bias the selected word line with at least one programming pulse, bias the
selected word line with a final programming pulse when the selected memory
cell fails a second program verify operation that follows the first program
verify operation while a bit line coupled to the selected memory cell is
biased with the step voltage, and wherein the bit line is biased at an
inhibit voltage without evaluating a third program verify operation after
the final programming pulse.  22. The system of claim 21 wherein the
non-volatile memory device is one of a 



NAND flash memory device or a NOR flash memory device.  23. The system of
claim 21 wherein the memory array is comprised of a combination of both
single level memory cells and multiple level memory cells. 


