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Computers almost always contain a small amount of read-only memory (ROM)
that holds instructions for starting up the computer. Unlike RAM, ROM cannot be written to.
Memory devices that do not lose the data content of their memory cells when power is

20 removed are generally referred to as non-volatile memories. An EEPROM (electrically
erasable programmable read-only memory) is a special type non-volatile ROM that can be
erased by exposing it to an electrical charge. EEPROM comprise a large number of memory
cells having electrically isolated gates (floating gates). Data is stored in the memory cells in
the form of charge on the floating gates. A typical floating gate memory cell is fabricated in

25  anintegrated circuit substrate and includes a source region and a drain region that is spaced
apart from the source region to form an intermediate channel region. A floating gate,
typically made of doped polysilicon, is disposed over the channel region and is electrically
isolated from the other cell elements by a dielectric material, typically an oxide. For
example, gate oxide can be formed between the floating gate and the channel region. A

30 control gate is located over the floating gate and is also typically made of doped polysilicon.
The control gate is electrically separated from the floating gate by another dielectric layer.
Thus, the floating gate is “floating” in dielectric so that it is insulated from both the channe]

and the control gate. Charge is transported to or removed from the floating gates by



The control gate is electrically separated fromthe floating gate by another
dielectric layer. Thus, the floating gate is "floating" in dielectric so
that it is insulated fromboth the channel and the control gate. Charge is
transported to or renoved fromthe floating gates by WO 2006/ 138333
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source line and a colum bit line. Instead, the nenory cells of the array
are arranged Two common types of Flash memory array architectures are the “NAND” and

“NOR?” architectures, so called for the resemblance which the basic memory cell
configuration of each architecture has to a basic NAND or NOR gate circuit, respectively. In
the NOR array architecture, the floating gate memory cells of the memory array are arranged
20 in amatrix. The gates of each floating gate memory cell of the array matrix are connected by
rows to word select lines (word lines) and their source/drains are connected to column bit
lines and/or source lines. A NAND array architecture also arranges its array of floating gate
memory cells in a matrix such that the gates of each floating gate memory cell of the array
are connected by rows to word lines. However each memory cell is not directly connected to
25  asource line and a column bit line. Instead, the memory cells of the array are arranged
together in strings, typically of 8, 16, 32, or more each, where the memory cells in the string
are connected together in series, source to drain, between a common source line and a column
bit line. A memory cell of the NAND architecture floating gate memory array is then
accessed by activating a row of floating gate memory cells coupled to the selected memory
30 cell by selecting the word select line connected to their gates. In addition, the word lines
connected to the gates of the unselected memory cells of the string are also driven (at a higher

voltage) to place them in a pass through mode to allow access to the selected memory cell.
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SUMMARY
The above-mentioned problems with programming Flash memories and other
20 problems are addressed by the present invention and will be understood by reading and

studying the following specification.

The various embodiments relate to programming non-volatile memory devices,
wherein data is programmed into the array of the memory in a parailel operation, such as the
programming of a row of the memory array, and where the programming cycle repeats with

25  increasing programming voltage levels to program any bits of the data that failed to program
correctly in the previous cycles. In embodiments of the present invention, the programming
voltage of successive programming cycles is increased in relation to the percentage of the
data bits that failed programming verification during the previous programming cycle and
were not correctly programmed into the memory array. This allows for a faster on average

30 program operation and a more accurate match of the subsequent increase in the programming
voltage to the specific non-volatile memory device, the specific region or row being

programmed, and any changes in programming characteristics due to device use and wear. In
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In another embodiment, the invention provides a method of programming data

comprising receiving a programming command and program data containing & plurality of
data bits, programming the plurality of data bits into a non-volatile memory array in a

20 programming cycle by applying an initial programming voltage to a plurality of memory cells
that are selected to be programmed with the plurality of data bits, and attempting to program
any memory cells of the plurality of memory cells that failed to program correctly by:
verifying the plurality of data bits of program data programmed into the plurality of memory
cells of the non-volatile memory array, increasing the programming voltage in a selected

25  relation to the percentage of the plurality of data bits that failed to correctly program into the
plurality of memory cells, disabling programming of one or more memory cells that correctly
programymed, applying the increased programming voltage to program one or more bits of the

data that failed to program correctly, and repeating for one or more iteration cycles.

In yet another embodiment, the invention provides a method of operating a Flash
30 memory device comprising receiving a programming command and program data containing
a plurality of data bits on an interface of the Flash memory device, transferring the program

data to a data cache, transferring the program data to a write data latch, calculating the



data bits, programmng the plurality of data bits into a non-volatile nenory
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for one onomvaigilé memary avriycarel aewmntrol state machine circuit, wherein the control state

machine circuit is adapted to program a plurality of data bits into the non-volatile memory
array in a programming operation by applying an initial programming voltage to a plurality of

20 memory cells that are selected to be programmed with the plurality of data bits, and
attemepting to program any memory cells of the plurality of memory cells that failed to
program correctly by: verifying the plurality of data bits programmed into the plurality of
memory cells of the non-volatile memory array, increasing the programming voltage in a
selected relation to the percentage of the plurality of data bits that failed to correctly program

25  into the plurality of memory cells, disabling programming of one or more memory cells that
correctly programmed, applying the increased programming voltage to program one or more
bits of the data that failed to program correctly, and repeating for one or more iteration

cycles.

In yet a further embodiment, the invention provides a method of operating a non-
30 wvolatile memory device comprising calculating a number of expected data bits from program
data to be programmed into a non-volatile memory array in a program operation, calculating

a pumber of failed data bits that failed to program in the program operation, and increasing a
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of a series stripgupfs {laQRidDE 16aH18g BRSTI Mhd programmed Vt distribution of floating

gate memory cells.

15 Figure 5 is a waveform diagram detailing a programming operation of a non-

volatile memory device in accordance with an embodiment of the present invention.

Figure 6 is a flowchart of a programming operation of a NAND architecture Flash

memory of the prior art.

Figure 7 is a flowchart of a programming operation of a NAND architecture Flash

20 memory in accordance with an embodiment of the present invention,

Figure 8 is a simplified diagram of a sense amplifier circuit and control circuits in

accordance with an embodiment of the present invention.

DETAILED DESCRIPTION
25 In the following detailed description of the preferred embodiments, reference is
made to the accompanying drawings that form a part hereof, and in which is shown by way of
illustration specific preferred embodiments in which the inventions may be practiced. These
embodiments are described in sufficient detail to enable those skilled in the art to practice the
invention, and it is to be understood that other embodiments may be utilized and that logical,

30 mechanical and electrical changes may be made without departing from the spirit and scope
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15  memory device is characterized by generating a failed bit percentage to programming voltage
increase profile to set the desired programming voltage delta/increase for a given failing
percentage of data bits. In one embodiment of the present invention, methods and apparatus
are related for the programming of data into non-volatile memory devices and, in particular,

NAND and NOR architecture Flash memory arrays and devices.

20 Figure 1 details a simplified diagram of a system 128 incorporating a non-volatile
memory device 100 of an embodiment of the present invention connected to a host 102,
which is typically a processing device or memory controller. The non-velatile memory 100,
such as a Flash memory device, has a control interface 106 and an address/data interface 108
that are each connected to the processing device 102 to allow memory read and write

25 accesses. It is noted that in alternative embodiments, the address/data interface 108 can be
divided into separate interfaces. Internal to the non-volatile memory device a control state
machine/control circuit 110 directs the internal operation; managing the non-volatile memory
array 112 and updating RAM control registers and erase block management registers 114.
The RAM control registers and tables 114 are utilized by the control state machine 110

30 during operation of the non-volatile memory 100. The non-volatile memory array 112
contains a sequence of memory banks or segments 116, each bank 116 is organized logically

into a series of erase blocks (not shown). Memory access addresses are received on the



10 correctly programmed into the nenory array. This allows for a faster on
average program operation and a nore accurate match of the subsequent
increase in the progranm ng voltage to the specific non-volatile nmenory
device, the specific region or row being progranmed, and any changes in
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read to verify that the correct values have been programmed into the selected memory cells.

1t is noted that in one embodiment of the present invention, the column decode 124 may be

20 optionally placed between the memory array 112 and the sense amplifiers 122,

As previously stated, the two common types of non-volatile memory EEPROM
and Flash memory array architectures are the “NAND” and “NOR” architectures, so called
for the similarity each basic memory cell configuration has to the corresponding logic gate
design. Inthe NOR array architecture, the floating gate memory cells of the memory array

25  are arranged in a mairix similar to RAM or ROM. The gates of each floating gate memory
cell of the array matrix are coupled by rows to word select lines (word lines) and their drains
are coupled to column bit lines. The source of each floating gate memory cell is typically
coupled to a common source line. The NOR architecture floating gate memory array is
accessed by a row decoder activating a row of floating gate memory cells by selecting the

30 word line coupled to their gates. The row of selected memory cells then place their stored
data values on the column bit lines by flowing a differing current from the coupled source

line to the coupled column bit lines depending on their programmed states. A column page



bitline/string (not shown) to a global bitline (not shown) and detected by
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Current then flows from the source line to the column bit line through each floating gate
memory cell of the series coupled string, restricted only by the memory cells of each string

20 that are selected to be read, This places the current encoded stored data values of the row of
selected memory cells on the column bit lines. A column page of bit lines is selected and
sensed, and then individual data words are selected from the sensed data words from the

column page and communicated from the memory device.

Figure 2 details a simplified NOR {floating gate memory array 200 of a EEPROM
25  or Flash memory device of an embodiment of the present invention. In Figure 2, floating
gate memory cells 202 are coupled together in a NOR architecture memory array having bit
lines 212, source lines 214, word lines 206, and substrate connection 222. Each floating gate
memory cell 202 has a floating gate field effect transistor (FET) comprising a gate-insulator
stack formed between drain and source regions that are coupled to a bit line 212 and a source

30 line 214, respectively.

Figure 3 details a simplified NAND floating gate memory array string 304 of a

EEPROM or Flash memory device of an embodiment of the present invention. In Figure 3, a



words fromthe colum page and communi cated fromthe nmenory. A NAND nenory
array architecture also arranges its array of floating gate nenory cells in
a matrix such that the gates of each floating gate nenory cell of the array
5 are coupled by rows to word |ines. However each nenory cell is not
directly COWBIZQ%“%??‘Q source |ine and a colum bit |ine.PqTHE$2806492308the nrenory
cells of the array are arranged togetqgr in strings, typically of 8, 16,

32, or nore each, where the nmenory cell's in the string are coupled together
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program, usually intended to leave the cell erased and set at logical “1”) by coupling their
channels to either a program or inhibit voltage. Unfortunately, this programming of the
memory cells is generally not uniform across each row of the memory array. This non-
20 uniform injection of carriers into the floating gates of the memory cells leads to a distribution
of shifted threshold voltages in the programmed cells, as detailed in Figure 4. In Figure 4, the
distribution of threshold voltages (Vt) of floating gate memory cells in the erased 402 and
programimed states 406 is shown. For a memory cell to be read as programmed it must have
shifted its threshold voltage above that of the programmed cell threshold voltage limit 404,
25  However, due to device wear levels (memory cell write fatigue) and manufacturing process
variations from chip to chip, and even from area to area of a memory array, not every Flash
memory or Flash memory cell will program the same for a given applied programming
voltage, pulses, and time periods, giving the wide variations in the programmed cell threshold
voltage distributions 406 after a program cycle as shown in Figure 4. As a result, many of the
30 cells that had a programming voltage applied to them will not read as having been

programmed when checked afterwards for verification if their individual threshold voltages

have not been raised above the programmed cell threshold voltage limit 404,
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amplifiers in preparation for programming into a row of the no-volatile memory array. The
initial programming gate voltage is then set 608 (such as 15V) and a program cycle loop

20 counteris setto 1. The row of data is then programmed 610 into the selected row of the non-
volatile memory array by pulsing the control gates with the programming voltage and
coupling their channels to either a program or inhibit voltage. After the programming pulse
has been applied and the data programmed into the row, it is read out again and compared
against the original data held in the data cache to verify its correct programming 612. If the

25  program data passes 614 verification, we complete the programming operation and finish
616. If the program data fails verification, and the maximum number of programming cycles
has not been reached (the loop counter has not reached its maximum value 618) the program
operation continues and attempts to program the data again, If the maximum number of
programming cycles has been reached (the loop counter has reached its maximum value), the

30  programming operation has failed 620.

In looping to attempt to re-program the data bits that failed verification, the

algorithm increments the loop counter 622 and disables or inhibits 624 programming of the



vol tage, pulses, and tinme periods, giving the wide variations in the
programmed cell threshold voltage distributions 406 after a programcycle
as shown in Figure 4. As a result, many of the 30 cells that had a
progranm ng _vol t age applied to themw |l not read as having been programed
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Embodiments of the present invention utilize an improved programming method

to provide for an overall faster programming operation and provide better matching of the

20  programming operation to the specific non-volatile memory device and any changes in the
memory cell programming characteristics due to device use and wear, In embodiments of the
present invention, the programming voltage of successive programming cycles is increased in
relation to the percentage of the data bits that failed programming verification during the
previous prograinming cycle and were not correctly programmed into the memory array.

25  This allows for a faster program operation and a more accurate match of the subsequent
increase in the programming voltage to the specific non-volatile memory device, the specific
region or row being programmed, and any changes in programming characteristics due to

device use and wear.

It is noted that the programming method of embodiments of the present invention
30 canbe utilized in NAND Flash memory devices, NOR Flash memory devices, and any non-
volatile memory device that bulk programs data in parallel to improve programming speed

and better adapt its programming cycle to the specific memory device.



agai nst the original data held in the data cache to verify its correct
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operation. In addition, it does not provide an accurate nmatch of the

subsequent PIcETdTher Bhibé vioHageh e fsr dgrraearimppineailwdies besntappliedraditlyy data
non-vol at bl HRABY i AR L 664e § RGaSRESLT B LSHLER Qo AW PEIAGLRY R4 red.  or
any changes=in e menory ’'ce programnm ng ar eristics due to device
use amd wdmrdatabaticdb venifysf edrrdeh@opimadng hdsoeantaddn 2 uifithe progam datppasesd
rogr amm method to proyvide for an overall fastert I Ng_operation
gndgpr ovi g g4 Beétf{ggttloweéﬁ}rwget%&xe Pypgramming operation an% meshpflg.g E%mﬂraﬂ{a c?ata
fails verification, and the maximum number of programming cycles has not been reached (the

Jloop counter has not reached its maximum value 718), the program operation continues and
attempts to program the failed data bits again. If the maximum number of programming
20  cycles has been reached (the loop counter has reached its maximum value), the programming

operation has failed and ends 720.

In locping to attempt to re-program the data bits that failed verification, the
algorithm checks the total number of program bits in the programmed data failed 736 and
then calculates 738 the percentage of memory cells/program bits failed. The loop counter

25 722 is then incremented and the verified and passing data bits are dizabled or inhibited 724 to
prevent over-programming of these cells. If the gate programming voltage is not at its
maximum level 726, it is increased according to the overall percentage of failing bits 730;
with a high percentage of failing bits the programming voltage is increased at a higher rate
and with a low percentage of failing bits the programming voltage is increased at a lower

30 rate. Ifthe gate programming voltage is already at the maximum level, it is not increased and
is left at maximum 728. The algorithm is then looped 732 to program the data row again 710.

This looping of the algorithm continues, increasing the programming voltage on each loop



20 progranm ng operation to the specific non-volatile nmenory device and any
changes in the nenory cell programm ng characteristics due to device use and
wear. In enbodi nents of the present invention, the programm ng voltage of
successi ve ﬁ;qﬁranning cycles is increased in relation to the percentage of
the data bi t'"Q PASPA | ed programming verification duri nRCEBS2069288% ous
programm ng cycle and were not correcthx programmed into the nenory array.
25 This allows for a faster program operation and a nore accurate match of
the subsequent increase in the programmng voltage to the specific

non- vol at #dcerdingrip the neecehisee of faiding st iofiregrammgil bits, antit hapweramygnesk dséy anmed,

and any c i : ! riski 0. { and wear.
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i nvent i onexc8éiled and the prigrammag oparaliiNBilEV2Eh nenory devi ces, NOR Fl ash nenory
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par fil lel to i rrprhyefmemm@ﬂﬂﬁm t 0fxhe pesdht ixﬁraﬁtida/e:hé manwfd@tmﬁr/lg'ﬁrscqsx agh desigh ng
cycle to t speci f| c. menor evi ce.. WO 2006/ 138333 PCT/ US2006/ 023086 13
Figuré 7 B‘Qtﬁ%mf@oa/ {f@f%ﬁ\cﬁﬁwg i prEde nor o5 aFpraryot “’_%ﬂg}éﬁﬁém"ﬁ@ﬁ? of the
present | p¥Ride Bhgelddith it sReqliired iR a QR PeRBRH A HaRiliRe 8t SSuth 4 AMddhvit he
reception of a prog{ram command contal ni ng an address at the non-vol atile

P
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menory array. The initial programmng gate 10 voltage is then set 708 (such
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g ec t e
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t hei r chatypehdy tequietstiheeasedmpnaigetaningaomiphdxitiyiahd bad 4 legleer resultmg nidneory
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device and/or individual regions of the memory array, allowing the voltage increase profile to

be adjusted for the individual memory device’s wear level.

Because of the faster and more accurate increase in programming voltage,
20  programming operations of non-volatile memory devices of the present invention typically
program a given row of data in fewer programming cycles than that of a prior art memory
device. This allows for faster writes, less power consumption due to fewer programming

cycles and resuits in faster overall operation of the non-volatile memory device.

Figure 8 details a simplified portion of the memory data cache and sense amplifier
25  circuit 800 of an embodiment of the present invention. In Figure 8, the data to be
programmed is Joaded from the I/O buffer (not shown) 816 to the data cache latches 804 of
each sense amplifier 802 and is transferred to the data write latches 806 of the sense
amplifiers 802 for programuning. Each write data latch is coupled to a bit line 808 (optionally
this coupling is through a column decoder (not shown)} and is used to program or inhibit the
30 memory cell coupled through the bit line 808 of the non-volatile memory row selected by the
row decoders (not shown) for programming. A bit summation circuit 810 is coupled to the

data cache latches 804 to sum up the number of bits that are to be programmed in the



714 verification, we conplete the programm ng operation and finish 716. If
the programdata fails verification, and the maxi num nunber of programm ng
cycl es has not been reached (the |oop counter has not reached its naxi num
val ue 718), the program operation continues and attenpts to programthe
failed dat Wobi0pE138%3i n. | f the maxi num number of progr aﬁ?ﬂ“’%’”&@z £l es has
been reached (the |oop counter has reaghed its maxi num val ue), the
programm ng operation has failed and ends 720. In |looping to attenpt to
re-pro grain the data bits that failed verification, the algorithm checks
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programming cycle and were not correctly programmed info the memory array. This allows

for a faster on average program operation and a more accurate match of the subsequent
increase in the programming voltage to the specific non-volatile memory device, the specific

20 region or row being programmed, and any changes in programming characteristics due to
device use and wear, In one embodiment of the present invention the manufactaring
process/design and/or specific memory device is characterized by generating a failed bit
percentage to programming voltage increase profile to set the desired programming voltage
delta/increase for a given failing percentage of data bits. In another embodiment of the

25  present invention, methods and apparatus are related for the programming of data into non-
volatile memory devices and, in particular, NAND and NOR architecture Flash memory

arrays and devices.

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
30 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



menory device and/or individual regions of the nenory array, so that the

vol tage increase profile to be adjusted for the individual nenory device.
However, it is also noted that this typically requires increased
manuf act uri ng conplexity and has a higher resulting nmenory 15 device unit
cost. In add?29%8i3833% one enbodi ment of the present i nv@&EUER0601ESeNDr Y
device keeps internal programm ng statjgstics on nenory cell fatigue and
wear in the overall nenory device and/or individual regions of the nenory
array, allown he voltage increase profile to _be adjusted for the

" ndi vi dualmEHDr Jt BeRAHety ipieaded by s uention e lisrited At dhe RIAH G Y o
accurat e icDGheAIRqLNaRAIH AP N vol tage, 20 programm ng operations of
non-vol atile nenory devices of the present invention typically programa
given row of data in fewer programm ng cycles than that of a prior art
menory device. This allows for faster wites, |ess power consunption due to
fewer programm ng cycles and results in faster overall operation of the
non-vol atile nenory device. Figure 8 details a sinplified portion of the
menory data cache and sense anplifier 25 circuit 800 of an enbodi nent of
the present invention. In Figure 8 the data to be programmed is |oaded
fromthe 11O buffer (not shown) 816 to the data cache | atches 804 of each
sense anplifier 802 and is transferred to the data wite |atches 806 of the
sense anplifiers 802 for programm ng. Each wite data latch is coupled to a
bit line 808 (optionally this coupling is through a colum decoder (not
shown)) and is used to programor inhibit the 30 nenory cell coupl ed through
the bit line 808 of the non-volatile nenory row sel ected by the row
decoders (not shown) for programm ng. A bit summation circuit 810 is coupled
to the data cache |atches 804 to sumup the nunber of bits that are to be
programmed in the WO 20061138333 PCTI US2006/ 023086 |5 program data | oaded
into the data cache latches 804. A failed verification bit sunmation

circuit 812 is coupled to the wite data |atches 806 and is adapted to sum
up the nunber of bits that have failed verification. The conparison and

vol tage adjustnent circuit 814 then conpares the nunber of bits to be
programmed and the nunber of bits that have failed 5 verification to

cal cul ate the percentage of bits that were progranmed fromthe current
program data held in the data cache | atches 804 and sets the next gate
programm ng voltage |evel by adjusting it in proportion to the relative
percentage of bits that failed to program or



by referring to a failed bit to increased gate progranm ng voltage profile
table. It is noted that other programm ng voltage | evels and sequences for

" NAND and 10 NOR architecture non-vol atile nmenory devi ce programm ng net hod
and may enbodi nents of the present invention are possible and shoul d be

. apparent for those skilled in the art wwth the benefit of this disclosure.
CONCLUSI ON A non-vol atile nmenory devilde and programm ng process has been
described that 15 increases the programm ng vol tage of successive
programm ng cycles in relation to the percentage of the data bits that
fai l ed progranm ng verification dur Gk IM® previous programing cycle and
were not correctly programred into the nenory array. This allows for a
faster on average program operation and a nore accurate nmatch of the
subsequeni. i namedlse dfropefadnga agn-aolaiilegnenadry dgdce, @ompasiageci fi ¢ non-vol atil e

menory device, the specific 20 regi pn or. row bein rogranmed, and, any
changes in procgj‘icéf%ﬁ‘ingﬁneﬁ’é’?’é eé‘PF‘g?cf%a rquprq:gé%pB@tagggeawgrm . In one
embodi ment of the PERSAN-IIMAD AR Aty TRAYEGEEH LhAGLR! 0cess/ desi gn and/ or
specific menory device is characterized by generating a failed bit

per cent age to qtalptingwinumbeooet faided datchitsabat fpiladftp program gethephagratesi r ed
programm ng vol t age ed lI l'%,a/nidncrease for a given failing percentage of data
bits. In another enBGaIHENt of the 25 present invention, methods and

apparatus are inéleadifith pograntiging VORI Td3FoBE tdledniparisboofhe nuvbéralfi | € nenory
devices and, in particular, NAND and NOR architecture Flash nenory arrays

and devi ces. Al t hosfacderdats biss andiibrinurher of Falge dyads.i | | ustrated and

described herein, it will be appreciated by those of ordinary skill in the
art that any arrangenment that is calculated to 30 achieve the sane purpose
maybe sub3ti t uflednétbed ofhdaiapkoilferan extrasinge pteprahaing. voMagy inadspohsttb ons  of

the i ti ill .b t to th f di il Jdn t t.
accor di ngl v mpatism Stk nomber oF piccaaaapgs ol BF tumbenaf ol diGidtor
variations of fhger BO&/ iAd8aid fﬂéﬁ%%b&?&%@%ﬁresﬂ@é /@8 Ex@éhta%et i's

mani festly intended that this inventron be limted on by the follow ng
clai ms and equifikd expedied Aatp bi$ thatifpiled to correctly program into the non-volatile

memory array during the programming operation.

3. The method of claim 1, further comprising:
disabling programming of one or more memory cells that correctly programmed,;
and
applying the increased programming voltage to program one or more bits of the

data that failed to program correctly.

4. The method of claim 1, further comprising:
repeating for one or more iteration cycles,
calculating 2 number of expected data bits from program data to be programmed
into a non-volatile memory array in a program operation;
calculating a number of failed data bits that failed to program in the program
operation; and
increasing a programming voltage in response to comparison of the number of

expected data bits and the number of failed data bits.



CLAIM5 1. A nethod of operating a non-volatile nmenory device, conprising:
cal cul ating a nunber of expected data bits from programdata to be
"programmed into a non-volatile nmenory array in a program operation;

cal culating a nunber of failed data bits that failed to programin the
~program operation; and increasing a progranm ng voltage in response to
conpari son of the nunber of expected thata bits and the nunber of failed
data bits. 2. The method of claim 1, wherein increasing a programmi ng
voltage in response to conparison of the nunber of expected data bits and

t he nunbe?- of k¢ methodaf elaim #swhereipreneatingplop pnes esmprediceaiion sycles BT anmi ng
vol tage In res@o%g&ﬁ?seé Rert%ﬁé? ﬁﬁn%m?m n%fnbEPc?fi?e%ﬁ%ﬁE fhed@baoPits that failed
to correctly program i1 nto §He non-voratire nmenory array during the
progranm ng opeumbdrofifaildd ddiaditei4eed of claim 1, further conprising:

di sabling programm ng of one or nore nenory cells that correctly progranmed,
and applying the increased progranmm ng voltage to programone or nore bits

of the dgta t9almtdbl ‘Sgclﬁlf[?n PrQ raH‘i&QéJsﬁl%W%grlﬂﬂnren}a vﬁ%@%egiongé g ml,

further conprising: repeating for one or fon-c s, calcul ating
a nunber of expeopasdordaf the biimberfafenpgteadglatahitand theorpdepobigiledhdaalbits nt o a

non-vol atil e rrfug&r% arra¥ in a .ﬁ)rogram orFerat' on;. cal cul ati nrg a. nurrger of
failed data bi SOPRSAPATEFY RErAYNST BT IRE ALAES B EroRARSCSp 69T BR? Ohnd
increasing a pheaumbel sFexpeitddRa bifs MAIRONGEoek Of faBPAkth BAY vitferd e nunber of
expected data bits and the nunber of failed data bits. 18 5. The nethod of

cl ai m 4, wher epyeralbisergeseriy pragrammingoroliags is limited dyjagned ied meximym her
conpri ses iter@é.b%ﬂ}n%%%ltfge%ilwm nunber of iterations is reached or the
ata bits 3

nunber of fail S ZE€ro.

7. The method of claim 1, further comprising:
profiling the non-volatile memory device to determine a profile of a programming
voltage increase for a given comparison of the number of expected data

bits and the number of failed data bits.

8. The method of claim 7, wherein profiling the non-volatile memory device to
determine a profile of a programming voltage increase for a given comparison of
the number of expected data bits and the number of failed data bits further
comprises profiling the non-volatile memory device by one of profiling the non-
volatile memory device to determine a profile of a programming voltage increase
for a given comparison of the number of expected data bits and the number of
failed data bits for the non-volatile memory device manufacturing process,
characterizing the non-volatile memory device design, profiling the non-volatile
memory device to determine a profile of a programming voltage increase for a
given comparison of the number of expected data bits and the number of failed
data bits for a specific memory device, profiling the non-volatile memory device
to determine a profile of a programming voltage increase for a given comparison
of the number of expected data bits and the number of failed data bits for a
specific memory array area, and profiling the non-volatile memory device to

determine a profile of a programming voltage increase for a given comparison of



6. The nmethod of claim1, wherein increasing a progranmmng voltage in
response to conparison of the nunber of expected data bits and the nunber
~of failed data bits further conprises increasing a programmng voltage in
response to conparison of the nunber of expected data bits and the nunber
~of failed data bits, where the overall increase in progranmng voltage is
limted by a specified maxi nrum programm ng voltage |level. 7. The nethod of
claim1l1, further conprising: profiling the non-volatile nenory device to
determne a profile of a programm ng voltage increase for a given

conpari son of theewumbebef expectek gate bitslardahanurhber of faildd thie bita fdyerspedifi¢ ai | ed
data bits. 8. The metgfd of, cl aim7, wherein profiling the non-volatile
menory devi ce PE™OFet% Wi’%éevg'profi | e of a programm ng vol tage increase for
a given conparison of the nunber of expected data bits and the nunber of
failed data bits further conprises profili ngi the non-volatile nenory device
by one of 9pr of Th¢ mgthodef plgim 1,/ wherein|tee naamenigtile gmesy deyiesas epgwieetlashor of i | e

of a programm I Y i . e nunber of
expected data Eﬁp‘é?ﬁa%%hgﬁﬁgﬁ)@%&mg%%@ g?vlg%edgggl@%ﬁéﬁc?rgg%ﬂéégnon-voI atile
menory devi ce RafedlaaiuRamidnmpAceesSemoph@eRAMY dexicagant Oeionionvitledt i | € nenory
devi ce desi gn,{y@rofi I iﬁ the non-volatile . nme rdy device to determ ne a
profile of a pMS§IENR &)%Y‘F%d@di gloresistiyy Rapdogy HeSestMSPRFY son of the
nunber of expegiiRAndpdeRidi ts and the number of failed data bits for a

specific nmenory device, profiling the non-volatile nmenory device to
determ ne a profile of a programm ng voltage increase for a given conparison

f th d d ' d the nunber of failed jts f
Cpeci 10 Woror Jre e €4 kB R ong e RsRopi e el et

determ ne a prathit@ueé mnwpgﬁ?mndwm@alammecthwaﬂ@@ ai@y. @ gi ven conparison
of 19 the nunber of expected ta bits and the nunber of failed data bits

for a specific nmenmory cell wear level. 9. The nethod of claim1, wherein
e o uF] oL MBS o S P e, e o0, @ EEPRM
programming a plurality of data bits into a non-volatile memory array of the non-
volatile memory device in a programming cycle by applying an initial
programming voltage to a plurality of memory cells that are selected to be
programmed with the plurality of data bits;
increasing the programming voltage in a selected relation to the percentage of the
plurality of data bits that failed to correctly program into the plurality of
memory cells of the non-volatile memory array during the programming
cycle;
disabling programming of one or more memory cells that correctly programmed,;
and

applying the increased programming voltage to program one or more bits of the

data that failed to program correctly.

12. The method of claim 11, further comprising:
repeating for one or more iteration cycles,
increasing the programming voltage in a selected refation to the percentage of
the plurality of data bits that failed to correctly program into the plurality

of memory cells of the non-volatile memory array during the



Ferroel ectric Random Access Menory (FeRAM device, an Ovionics Unified
Menory (OUM device, and Magnetoresistive Random Access Menory ( MRAM
-device. 10. The nethod of claim1l1l, wherein the non-volatile nenory array is
one of a NAND architecture nmenory array and a NOR architecture nmenory
~array. 11. A nethod of operating a non-volatile nmenory device, conprising:
programming a plurality of data bits ipdo a non-volatile nenory array of the
non- vol atile nmenory device in a programm ng cycle by applying an initial
programm ng voltage to a plurality of nenory cells that are selected to be
programed with t hepplgtanahingyeyolf; data bits; increasing the prograni ng

vol tage in a sel egt relation. to.the percentage e lurality of data
bi'ts that f ai | ed 335008 PRBAGRBESS PACTIHES SRR el B henory Ccel | of
the non-vol atil e nep@gyandhédundluri ng the programming cycle; disabling

progranmm ng of one or npre nenory cells that correctly programmed; and
appl yi ng the i ncradBYEW the Si5Feansd MTESVEIMIAR) Eolfage B RFGBMRM Y arorpBiteofhi t s of

the data that fai Iﬁlg o) t%%eq‘%?’%éﬁ%ﬁé@eﬁgg'z' The nethod of claim 11,

further conprising: ‘repeating e iteration cycles, increasing
the progranm ng voltage in a selected relation to the percentage of the

plurality of data bit hat failed to correctly programinto the plurality
of menory 1gﬂel | ﬁ%\me{fﬁa 0%8§1W6$’a‘f’1?qr%mﬁﬁ%%ﬁ"}g FP%ﬁl‘?rdH‘?rier\tﬁr"t“HE B%€S pr ogr anmi ng
cycle; disabli pgRF QaRHTSeL Retaflg BB Fodplof TSR TR MroSldnding Bafkager s ect Iy

programmed; and applying the increased progranm ng voltagé to program one or
nore bits of sdestadrektion s the geiceniageoofhopinmhitycafrdatschitsythat f@ledTae net hod of

claim12, wherglh fi§Bestim Shib He 0GHS of or) LA 2 hEVe e memory
array during the programming cycle, disabling programming of one or more
memory cells that correctly programmed, and applying the increased
programming voltage to program one or more bits of the data that failed to

program correctly, until a maximum number of iterations is reached.

14.  The method of claim 12, wherein increasing the programming voltage in a
selected relation to the percentage of the plurality of data bits that failed to
correctly program into the plurality of memory cells of the non-volatile memory
array during the programming cycle further comprises increasing the
programming voltage in a selected relation to the percentage of the plurality of
data bits that failed to correctly program into the plurality of memory cells of the
non-volatile memory array during the programming cycle, where the increase in
programming voltage is limited by a specified maximum programming voltage

level.

15.  The method of claim 11, further comprising:
profiling the non-volatile memory device to specify the desired programming

voltage delta/increase for a given failing percentage of data bits.

16.  The method of claim 15, wherein profiling the non-volatile memory device to

specify the desired programming voltage delta/increase for a given failing



further conprises iterating the | oop of increasing the progranm ng voltage
in a selected relation to the percentage of the plurality of data bits that
‘failed to correctly programinto the plurality of nenory cells of the
non-vol atile nenory array during the progranm ng cycle, disabling

. programm ng of one or nore nenory cells that correctly programmed, and

appl ying the increased programmng voltage to programone or nore bits of
the data that failed to programcorrectly, until a maxi num nunber of

iterations is reached. 14. The nethod of clgim 12, wherein increasing the
progr anmi ng voPtaguagepiatadis dwrthey cpmprtes prpitlpe thrnqseydate BGBOBE t he

plurality of dgtgcdid &émhalfalé’tie}iﬁﬁéhﬁ noﬁWoTﬁ%h¥m9§ﬁ%&ﬁ@ﬂﬁhﬁcﬁxﬁﬁ%pl ural ity

of menory cells of the non-vol ati menory array i ng the progFamm ng
cycle further poepssigwsactanzirgdbe nop-véiatile prepmradenicpdesight cgeactenizagsel ect ed

relation to the centage, of the plurality o data bits that,failed to
correctly pr ogF%ﬁ%ﬁcﬁ{‘%m?’%éieﬂcﬁ’rCgﬁa&?r‘@f‘g ﬂﬁ%&ﬁl y© CEFPE B e a‘?fipn- vol atil e
nmenory array dufdrit@eriziey PERIFRMEMGy Y Wear BNE ESsdiRe plofitd RABR defired

programmng voltage is Timted by a specified naxi mum progranm ng vol t age

| evel . 15. ThePingtanaingfvolipgs dplta/increage fasersivenrfpiling pergentpgegtfidetarhitst he
non-vol atil e menory device to specify the desired programm ng voltage
delta/increase for a given failing percentage of data bits. 16. The net hod
of claim 1%, wike miethodrodtiairhn@, wheein oie noalatlitlle memoey yevikeMis 6 dfm  specify

t he desired progranmm n olta | ta/increase for giyen failing 21

per cent age of ggf’lé“ﬁf“t"gy gf{)ﬁr“f%%%@’%@éﬁi‘?@?%@ﬁ??q’Pﬁﬁgﬂ?é%i‘ﬂrimfz‘ﬁ?q’?e menory
devi ce by one plrehakRCREIdorl RcesdIRIeRFy HRRAN &eviBRNE YvidRicl CRifnuf act uri ng
process, characterizing the non-vol atil’e nmenory device design,

char act eri zi ngMemasp E@UM)densemmny MeanitoessisthaR amtosr Ag¢esgMemopeci fi ¢ menory
array area, an&[g\m(gcteri zing a specific nenory cell wear level to select
profile for th c(‘,f'ceprogram’ri ng voltage delta/increase for a given
failing percentage of data bits. 17. The nmethod of claim 11, wherein the
non-vol atile nmenory device is one of a Flash nenory device, a EEPROM nenory
devi ce, al¥ol yﬂ}hfp mw@ﬁépycl@g\yilé,e\yheaem the non-volatile memory array is one of a

NAND architecture memory array and a NOR architecture memory array.

19. A method of programming data, comprising:
recetving a programming command and program data containing a plurality of
data bits;
programming the plurality of data bits into a non-volatile memory array in a
programming cycle by applying an initial programming voltage to a plurality
of memory cells that are selected to be programmed with the plurality of data
bits; and
attempting to program any memory cells of the plurality of memory cells that
failed to program correctly by,
verifying the plurality of data bits of program data programmed into the
plurality of memory cells of the non-volatile memory array,
increasing the programming voltage in a selected relation to the percentage of
the plurality of data bits that failed to correctly program into the plurality
of memory cells,

disabling programming of one or more memory cells that correctly



Ferroel ectric Random Access Menory (FeRAM device, an Ovionics Unified
Menory (OUM device, and Magnetoresistive Random Access Menory ( MRAM
device. 18. The nethod of claim 11, wherein the non-volatile nenory array is
one of a NAND architecture nenory array and a NOR architecture nmenory
array. 19. A nethod of programm ng data, conprising: receiving a

programm ng comrand and program data centaining a plurality of data bits;
programming the plurality of data bits 1nto a non-volatile nmenory array in a
programm ng cycle by applying an initial programmng voltage to a plurality
of menory cells thaprogrénsel,ected to be programmed with the plurality of
data bits; and attenpting to programany nenory cells of the plurality of
menory cel s thatapplﬂfa}até'autcseaﬁerddgpaﬁmab%&@tagytwogvmrfewrﬁ@)reE Hlurality

of data bits of pr 0%%&1&1@&%&%95 cérp&ayfﬁe plurality of menory cells

of the non-volatile nmenory array, creasi ng progranmm ng voltage in a
selected rel ati omepeatmglﬁ)rmaeoembmgeernfon ciytles.pl urality of data bits that
failed to correctly programinto the plurality of nmenory cells, disabling
programmi ng of one or nore nenory cells that correctly 22 programed,

appl yi ng bhhe i ngd @emed oPERER @m}i&eﬁ«f@éﬁeﬁ‘tﬁ}% foPol QIh&RIRRARIoRLydEY e bits of
the data that failed to programcorrectly, and repeating for one or nore

i teration cycl Bstheo@mprises repediing fof onsloaimprd Beratigresxsias, wsideand efghd or one or
or e et al | on Gl oSt o bINGI o IR o8 £l BRAT Rl 80P OF IBAGy | Loration

cycles, until Rioie ura allto verity or a
maxi num nunber of |terat|ons is reached. 21. The nethod of claim 19, wherein

i ncr easi n the rogramm ng. voltage .in a selected relation to the percentage
of the pI Fali T @Ptheépéclmnﬁé9=twﬂwcre@amg8w programming voltage in a

selected relation to the percentage of the plurality of data bits that failed to
correctly program into the plurality of memory cells of the non-volatile memory
array during the programming cycle further comprises limiting a total

programming voltage level to a specified maximum programming voltage level.

22.  The method of claim 19, further comprising:
profiling the non-volatile memory array to specify the desired programming

voltage delta/increase for a given failing percentage of data bits.

23.  The method of claim 22, wherein profiling the non-volatile array to specify the
desired programming voltage delta/increase for a given failing percentage of data
bits further comprises profiling the non-volatile memory array by one of
characterizing the non-volatile memory array manufacturing process,
characterizing the non-volatile memory array design, characterizing a specific
memory array, characterizing a specific memory array area, and characterizing a
specific memory cell wear level to select profile for the desired programming

voltage delta/increase for a given failing percentage of data bits.

24. A method of profiling a non-volatile memory device comprising:
profiling the non-volatile memory device to specify the desired programming

voltage delta increase for subsequent programming cycles for a given



correctly programinto the plurality of menory cells of the non-volatile
menory array during the programm ng cycle further conprises limting a
-total progranm ng voltage level to a specified naxi num programr ng vol t age
| evel . 22. The nethod of claim 19, further conprising: profiling the

non-vol atile nmenory array to specify the desired progranm ng voltage
~delta/increase for a given failing perggntage of data bits. 23. The nethod
of claim 22, wherein profiling the non-volatile array to specify the
desired progranm ng voltage delta/increase for a given failing percentage of
data bits further Qi psemtapeof Hath Bl¥s thacard BEinY BlodtirhBedBIB®IMY naks ay by one
of characterizing the_non-volatile nmenory array manufacturing process,
characterizing the ¥Jatlgoremerydevigsrory array design, characterizing a
specific nenory array, characterizing a specific nenory array area, and
characterizing a specific nenory cell wear level to select profile for the
desired p2bdgr athe mgthod olf tlhage 2dehhadin porfdmgahd mon-eolgtile erenfoay Hévige tper cent age
of data bits. 24.. A .nethod, of prof.ili a non-volatile nmenory device

compri o ng: - pr GEFILY HE eREEHBREGOIIDE 1Bt ABlR UarRcEr SESEHEES fy t he desi red
progranmm ng _Vﬁb@ﬁﬂﬂnﬂ@%&&eéﬂﬁh%ﬁ&ﬂfﬁﬁh%§M@§ﬁﬂyﬁﬂhmﬁﬁﬂ@Eﬁﬁﬁkﬂﬂh@yc|e$ for a
given 23 failing percentage of data bits that are being programed into the
non- vol atil e mestMynebipiaihe nps-volptis memerydevite Birthiensaaprisghpriodiing reof i | i ng
the non-vol at i |¢, [RATEY, A&kl 6ikOny SREGIYLIRAEH A RIAG AmRLAO. Vol tage
delta increase tor su sequeﬁt proﬁrannlng cyc?e or a girven tarling
percent age of dati& BadiBadiinilg @oeeshehngctefizing thrmaRd olatilomemeryndericeol atil e
menory device further conprises profiling the non-vaolatile penory device by
one of char act 45515 FARATRREIIZiaEhA SRECHICI MENQTE AERY; Chafacieianga apgcHia WPy process,

charact eri zi ng,d-Ne,BPRxY eﬁ‘&étér‘fziﬁ% e¥iﬁ@%¥én§cﬁ¥.c9?§.ﬁemev&'f@§e?&i flofFd N9 a

specific nenory array, characterizing a specific nmenory array area, and
char act eri zi ngfoattepiesiréd progemoning veltdgeieba/incmasd for @ gbeh datingpatintae for the
desired prograqﬁlngyoltage delta/increase for a given failing percentage
of data bits. °tdatabils.

26. A method of operating a Flash memory device, comprising:
receiving a programming command and program data containing a plurality of
data bits on an interface of the Flash memory device;
transferring the program data to a data cache;
transferring the program data to a write data latch;
calculating the number of bits to be programmed in the program data held in the
data cache;
programming the plurality of data bits into a Flash memory array in a
programming cycle by applying an initial programming voltage to a plurality
of memory cells that are selected to be programmed with the plurality of data
bits; and
attempting to program any memory cells of the plurality of memory cells that
failed to program correctly by,
verifying the plurality of data bits of program data programmed into the
plurality of memory cells of the Flash memory array,
calculating the number of memory cells that failed to program correctly,

calculating a percentage of the plurality of data bits that failed to correctly



26. A nethod of operating a Flash nenory device, conprising: receiving a
programm ng comrand and program data containing a plurality of data bits on
~an interface of the Flash nenory device; transferring the programdata to a
data cache; transferring the programdata to a wite data |atch;

cal cul ating the nunber of bits to be programred in the programdata held in
the data cache; progranmmng the plurag4ty of data bits into a Flash nenory
array in a programm ng cycle by applying an initial programm ng voltage to
a plurality of nmenory cells that are selected to be programmed with the
plurality of data frogsm mtthaptuealpy ofigemoryprety iramriatioy tordwmumberdflbits of t he

plurality of menory cells that ,fai.led to programcorrectly by, verifying
the plurality of dattoj’emr?%ra@fneﬂth(%@r‘ﬁ%ed%f% afjl?%granned into the plurality of
nmenory cells of th@edsimashe PRERIMMAL VBXageGRbk Gelbabd RiatfoR %o tHepRR%n(@ge SEENDI Y
cells that failed to programcorrectl cal cul ating a percentage of the

| § Y. . A
plurality of data bihelurtlgy of dath bits thet faled tecerycthuprogramgintorne pluglithe
plurality of menory fcrgéijag ic@ll£e| ation to the nunber of bits to be
programed held in The dara cdche, increasing the programm ng voltage in a
sel ect ed rel ati odisabliiggropersing afieneadr mdrbeneplowy edlisttyatebrretallya bi ts t hat
failed to correctly programinto the plurality of nenory cells, disabling
programm ng of one BPERBIdwenory cells that correctly progranmed, applying

the increased prQgpaiithdintRhicadRodamBER0IMILOR BRI Piice Bifs oft he data

that failed to progframcorrectly, and repeating for one or nore iteration
cycles. 27. The netthedatafthat failetht® progranecmieaatly,taedFl ash menory device is one

of a NAND archi tee%%.tlilrti efoll?logesgrﬁgrréq{e}/ tl%g\éi (ig and a NOR architecture Fl ash
nenory device. CPeding ation cycles.

27.  The method of claim 26, wherein the Flash memory device is one of a NAND

architecture Flash memory device and a NOR architecture Flash memory device.

28.  The method of claim 26, wherein repeating for one or more iteration cycles
further comprises repeating for one or more iteration cycles, until none of the

plurality of data bits fail to verify or a maximum number of iterations is reached.

29.  The method of claim 26, wherein increasing the programming voltage in a
selected relation to the percentage of the plurality of data bits that failed to
correctly program into the plurality of memory celis of the Flash memory array
during the programming cycle further comprises limiting a total programming

voltage level to a specified maximum programming voltage level.

30.  The method of claim 26, further comprising:
profiling the Flash memory array to specify the desired programming voltage

delta increase for a given failing percentage of data bits.

31.  The method of claim 30, wherein profiling the Flash memory array to specify the
desired programming voltage delta increase for a given failing percentage of data

bits further comprises profiling the Flash memory array by characterizing the non-



28. The nethod of claim 26, wherein repeating for one or nore iteration
cycles further conprises repeating for one or nore iteration cycles, until
none of the plurality of data bits fail to verify or a maxi num nunber of
iterations is reached. 29. The nethod of claim 26, wherein increasing the
programm ng voltage in a selected relation to the percentage of the
plurality of data bits that failed to 2xorrectly programinto the plurality
of menory cells of the Flash nenory array during the progranm ng cycle
further conprises limting a total progranm ng voltage level to a specified
maxi mum pr ogr avatitnlg meoiarageay eaeifact@ng foeesset hod of cl aim 26, further
conprising: profiling the Flash nenory array to specify the desired
programm ng voltage delta increase for a given failing percentage of data

bits. 31.37he Amichoslffle kb &icebMpakiAgPr of i 1ing the Flash menmory array
to specify the desired progranm ng voltage delta increase for a given

failing percen%a@fbV@‘ﬁt”Galﬂ%Zﬂorﬁiafr§%f3t‘JF‘t her conprises profiling the Flash
b bl - .
Lo ro L B ERAGL VG ADCRRD R MBS FEIRRK OERY of

manuf act uri ng process. n-volati

non-vol ati | e nmenalay bas ity theatuth-wlatide nemlorCarrayun & prodramming dpeeationby r ol
circuit is adapted to prqograma plurality of data bifs into th

non-vol ati | e nen@PgAya&graay%aﬂ%p%{Ogﬁ@g}lwl ¢ fpepiiral Oﬂfﬁemarmﬂeb? gt &k i it al
programi ng vol t 3getb@icPbdbEdhniricd 0ih #ERRENiLE 6 dsta Bﬂa@ran@&?empmg%&t ed to be
progranmmed with the plurality of data bits, and attenpting to rogram any
menory cel|ls of tphegrphannhiemproéclivefithreyplurelity of nteatory e¢llsabattfaledpe ogr am
correctly by, verifyi ng th% pDI urality of data bits progranmred into the
plurality of neROIE*REPTEET ™ he non-volatile nemory array, increasing the

programm ng vol tagevdrﬂyiﬂﬁwlﬂ@ﬂaﬁgz Jfeh@thit Prdgearhmied inpethe pniralge oof t he
plurality of data bits that failed to correctly program into the plurality
of menory cells, di saBrmHgy pelEqf dhenorgrabtilomemery #e menory cel |'s t hat

correctly increasing the programming voltage in a selected relation to the

percentage of the plurality of data bits that failed to correctly program
into the plurality of memory cells,

disabling programming of one or more memory cells that correctly
programmed,

applying the increased programming voltage to program one or more bits
of the data that failed to program correctly, and

repeating for one or more iteration cycles.

33.  The non-volatile memory device of claim 32, wherein the control circuit is
adapted to repeat for one or more iteration cycles, until none of the plurality of

data bits fail to verify or a maximum number of iterations is reached.

34.  The non-volatile memory device of claim 32, wherein the control circuit is
adapted to increasing the programming voltage in a selected relation to the
percentage of the plurality of data bits that failed to correctly program into the
plurality of memory cells of the non-volatile memory array during the
programming cycle further comprises limiting a total programming voltage level

to a specified maximum programming voltage level.



programed, applying the increased programm ng voltage to program one or
nore bits of the data that failed to programcorrectly, and repeating for
one or nore iteration cycles. 33. The non-volatile nenory device of claim
32, wherein the control circuit is adapted to repeat for one or nore
iteration cycles, until none of the plurality of data bits fail to verify
or a maxi mum nunber of iterations is rgached. 34. The non-volatile nenory
device of claim 32, wherein the control circuit is adapted to increasing
the progranm ng voltage in a selected relation to the percentage of the
plurality of data bits that failed to correctly programinto the plurality
of nmenory cells of the non-volatile nemory_array_ during the progranmm ng

] ) g
cycl e furBher dBpoN-¥@latileimanqry gevics ok haimpiloyhasein the coBra sgeitisvel to a
specified naxigﬂgz [fYocTe=Tyan . T tile menory
device of claim fgtgggrelnﬁ%ﬁ%&%%ﬁgﬁg*ﬁﬁﬁé%ﬂ%@n?éégéﬂgggﬁQ?g%?%grease t he
progr ami ng vobtlagle nanowy diray thadspecifieo fhieldesicdd prégramonng vatage déle menory array
that specifies.the desired Br.fgramﬁ n%ﬁfv?l ta%ee} delta increase for a given
e € AV

failing percent’dG@ %P g&t'a" g pjgent ABANIS atil e memory device of claim

32, wherein the non-volatile menory device is one of a NAND architecture
Fl ash menory device, a NOR architecture Flash nenory device, an EEPROM
menory devbpce, The mui-yeratile mamary dendos efeclaim 32Feiheisil the nen-golRledermort cess

Menory ( FeRAM Vi - hahics. Uni {1 ry. f i d a
Magnet or esi st i Q/ée{’? lggg?n%}gé@ ﬂféﬁr‘é‘%@uré T%M%%g%%%’%%%ﬁﬁecgggi ce. 37.
A Fl ash nmenor yFdsvinegopodavides sMBEPRAOMinagbryndaviveya Bolk i Mempkywidedidet y  of
sense anplifiers; .an 1/O buffer; a nenory interface; and a control state
machi ne coupl elerfeslackis Random fesesy YemprafeRARD depoess @wpnics Hpified

Memory (OUM) device, and a Magnetoresistive Random Access Memory
(MRAM), Molecular Memory device.

37. A Flash memory device comprising:
a Flash memory array;
a plurality of sense amplifiers;
an [/O buffer;
a memory interface; and
a control state machine coupled to the Flash memory array, the I/O buffer, the
plurality of sense amplifiers, and the memory interface, wherein the control
state machine is adapted to program a plurality of data bits into the Flash
memory array in a programmting operation received at the memory interface
by applying an initial programming voltage to a plurality of floating gate
memory cells that are selected to be programmed with the plurality of data
bits, and attempting to program any memory cells of the plurality of memory
cells that failed to program correctly by,
verifying the plurality of data bits programmed into the plurality of
memory cells of the Flash memory array,
increasing the programming voltage in a selected relation to the
percentage of the plurality of data bits that failed to correctly program

into the plurality of memory cells,



plurality of sense anplifiers, and the nenory interface, wherein the control
state machine is adapted to programa plurality of data bits into the Fl ash
menory array in a progranm ng operation received at the nmenory interface by
applying an initial programm ng voltage to a plurality of floating gate
menory cells that are selected to be programmed with the plurality of data
bits, and attenpting to programany nelibry cells of the plurality of nenory
cells that failed to programcorrectly by, verifying the plurality of data
bits programmed into the plurality of nenory cells of the Flash nenory
array, increasing t#eablnggpregrammingfionagemors merselyaetiethat edreeeilvn to the
percentage of the pluralj data bits that failed to correctly program
into the plurality of p%%‘%?%{iz’el | s, 27 disabling progranm ng of one or nore
rrelm)ry cell's that capiyagthe incﬁéegsgdi pmg&:cmmiﬁgpgmgegoEk@rd;mplnegxsmdrerbﬁt@gr anmmi ng
vol tage to program one qr r ts, of the data that failed to program
correctly, and repeat ioﬁg‘ef‘g?atgﬁtéa%"rd%F%r?mé?ré?q%é’na’@ycl es. 38. The Fl ash
menory devi ce of C'ﬁkéﬂtﬁgifm"%r&iﬂbr& @ragtgp%rciys_ state machine is adapted to
repeat for one or nofe Iteration cycles, uritil none of the plurality of
data bits fail to verify or a maxi num nunber of iterations is reached. 39.
The Fl ash no evice of ¢laim.37 erein the control state.machine is
adapted t 361 ne s LR R Endry e Bifim Sov kg eatebide aBpgisn | on Lo ¢ he
percent age of idaptcalte'Feplehtithr Oile stahidte Rbfaliond Bfies! @htli@dnd 6f GOPLLAY ¥f Progr am
into the plurality of menory cells of the Flash nenory array during the
programmi ng cYai? bits failite serilyongmaximumingmberef itgrationais rpached-armi ng vol t age
| evel to a specified naxinmum programm ng voltage | evel. 40. The Fl ash
menory device of claim 37, wherein the control state nachine is adapted to
i ncrease Bhe prgFlasmmagomoddvigefakandd) wigréio te qnobl dtae afackineisFl ash  nmenory
array that spec(lfi s the desired progranmm ng volt?ege del ta increase for a

a ltage elécted re

apted to increasing the programming vo inas ation to the
percentage of the plurality of data bits that failed to correctly program into the
plurality of memory cells of the Flash memory array during the programming
cycle further comprises limiting a total programming voltage level to a specified

maximum programming voltage level.

40.  The Flash memory device of claim 37, wherein the control state machine is
adapted to increase the programming voltage according to a profile of the Flash
memory array that specifies the desired programming voltage delta increase for a

given failing percentage of data bits.

41.  The Flash memory device of claim 37, wherein the Flash memory device is one of
a NAND architecture Flash memory device and a NOR architecture Flash

memory device.

42. A system comprising:
a host coupled to a non-volatile memory device, wherein the non-volatile memory
device comprises,
a non-volatile memory array; and

a control state machine circuit, wherein the control state machine circuit is



given failing percentage of data bits. 41. The Flash nenory device of claim
37, wherein the Flash nenory device is one of a NAND architecture Fl ash
menory device and a NOR architecture Flash nenory device. 42. A system
conprising: a host coupled to a non-volatile nenory device, wherein the
non-vol atile nenory device conprises, a non-volatile nenory array; and a
~control state machine circuit, wherei he control state machine circuit is
28 adapted to programa plurality of data bits into the non-volatile
menory array in a progranm ng operation by applying an initial progranm ng

vol tage to a pluralit ydgfted®Pbyramed pioralifidlf datadits @it6 eedfbnlWlatfhe progr ammed
with the plurality of data bits, and attenpting to programany nenory cells

of the plurality of mERDRGY@ERY & 2 pragramaiingaperationdryoapphimgdy inded |y by,
verifying the plurali %}’og?}rpﬁi@i%aw}?f%éétop{ B il célﬁ‘sethﬁ’t'aﬁé adcted 81
n--vol at 171 e nor array t he

menory cells of the n , I ncreasing progranmm ng
vol tage in a sel ect edbe gtaframmed ovithhike plpetioesfidagehinf addretepiptifigdo ty of data

bits that failed to correctly programinto the plyrality q ry cells,
di sabl i ng progr ami ngpmgr%énbmemrbc%ﬁgw Wity #H&@O&bﬁlééﬁgﬂw
progranmmed, applying thi"?r Pl E@pRey ByOgr anm ng vol tage to program one or
more bits of the data that failed to programcorrectly, and repeating for

one or nore iterationveyfimgsthe pBralifhef dapzbitaproraminzidrinté2he plhsdiei of t he

control state machine circuit i lgg%aéta%g{& one or nore
its fail to verify

L L agt% ted to. re
iteration cycles, until MEREVIFE it Elnﬂli’émaﬂ?nﬂ) _
or a maxi mum nunber OfndréRingithORSglairkif@obigfe ift4 sclddigd &YSbp Bk Cl ai m 42,
wherein the control state machine circuit is adapted to
percentage of the plurality of data bits that failed to correctly
program into the plurality of memory cells,
disabling programming of one or more memory cells that correctly
programmed,
applying the increased programming voltage to program one or more

bits of the data that failed to program correctly, and

repeating for one or more iteration cycles.

43.  The system of claim 42, wherein the control state machine circuit is adapted to
repeat for one or more iteration cycles, until none of the plurality of data bits fail

to verify or a maximum number of iterations is reached.

44.  The system of claim 42, wherein the control state machine circuit is adapted to
increasing the programming voltage in a selected relation to the percentage of the
plurality of data bits that failed to correctly program into the plurality of memory
cells of the non-volatile memory array during the programming cycle further
comprises limiting a total programming voltage level to a specified maximum

programming voltage level.

45.  The system of claim 42, wherein the control state machine circuit is adapted to
increase the programming voltage according to a profile of the non-volatile

memory array that specifies the desired programming voltage delta increase for a



i ncreasing the programmng voltage in a selected relation to the percentage
of the plurality of data bits that failed to correctly programinto the
plurality of menmory cells of the non-volatile nenory array during the
programm ng cycle further conprises limting a total programm ng voltage
level to a specified maxi num progranmm ng voltage |evel. 45. The system of
claim42, wherein the control state machdne circuit is adapted to increase
the progranm ng vol tage according to a profile of the non-volatile menory
array that specifies the desired programmng voltage delta increase for a 29
given failing pewelefﬁlla@p@tcnmea?fdﬂtﬂglts 46. The system of claim 42, wherein
the non-volatile nenory device is one of a NAND architecture Fl ash menory
device, a NOR architecture Flash nmenory device, an EEPROM nenory device, a
Pol ymer Mewery mw?@mafﬂamwlvﬂ@tm the nBaVdRGlAGER6S dRiRRIYorlelEBAM  devi ce,
an Ovionics Unified Menpr device, and a Ma%net oresi stive Random
Access Menory (Marchﬁ‘F‘é%rﬁlFé% DMBMBY Jleviess pNOR architqgiare JJash aamsey ¢l ai m 42,

wherein the hosei& QNEEPROM RIeRRSS S&icdd BoRnils WRory GAMEL Al Fefbelectric
Random Access Memory (FeRAM) device, an Ovionics Unified Memory (OUM)
device, and a Magnetoresistive Random Access Memory (MRAM), Molecular

Memory device.

47.  The system of claim 42, wherein the host is one of a processor and a memory

controller.



