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circuits. Background Conventional nonvol atile nenories
i ncl ude FLASH nenories that utilize hot electron
injection for programm ng Gate and drain voltages on
floating gate transistors are typically el evated
during the programm ng process. Programtines for
conventional FLASH nenories typically increase as the
parts age and the nunber of progranierase cycles
i ncreases. Brief Description of the Drawi ngs Figure 1
shows a floating gate transistor for use in a nenory
cell; Figure 2 shows a bl ock diagramof a nenory
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drain vol tage during prograngknp ver sus nunber of
erase cycles; Figure 7 shows=programm ng tine versus
nynber ofTheprsat myaities relagsadehdralyrte m8mstycivsuia, aid agpream
of an ﬁhﬁﬁfQoniclﬁﬁst%g1iQh%%Sordance wi th various
enbodf <O iR et T HiVent i on. Descri ption of
Enbodi nents In the follow ng detail ed description,
reference is nade to the a&&g}(ﬁgging drawi ngs t hat
show, by way of illustrati7om, i fic enbodinents in
whi ch t heCdnmengintal emvoiatilelbenpriecinglodedt L ABhbwemories that utilize
enbodi.nents .are. descri bed i LG '
el Rt DM RGeS0 Y dry St Bp ke aue
i NvemtrsBrrs drd typisaltyeldyated ddtegshequeerarhming peocesar Progrgm times
enbodi nent s. of i nvent | ; ' r e
ot - s EaRe e A AT L BBjca] SR, M R b
par t hanibeanf fregrbrfemse glesiocgasss. or characteri stic

15 Brief Description of the Drawings

Figure 1 shows a floating gate transistor for use in a memory cell;

Figure 2 shows a block diagram of a memory device;

Figure 3 shows an erase cycle counter;

Figures 4 and 5 show flowcharts in accordance with various embodiments of
20 the present invention,

Figure 6 shows drain voltage during programming versus number of erase

cycles;
Figure 7 shows programming time versus number of erase cycles; and
Figure 8 shows a diagram of an electronic system in accordance with various

25 embodiments of the present invention.

Description of Embodiments
In the following detailed description, reference is made to the accompanying

drawings that show, by way of illustration, specific embodiments in which the
30 invention may be practiced. These embodiments are described in sufficient detail to

enable those skilled in the art to practice the invention. It is to be understood that



descri bed herein in connection with one enbodi nent nmay
be inplemented within other enbodiments without
walepanoiosyy fromthe spirit and scope of the i nRENUBIINT/072343
In addition, it is to be understood that the | ocation
or arrangenment of individual elenments within each
di scl osed enbodi nent may be nodified w thout departing
fromthe spirit and scope of the invention. The
followi ng detailed description is, therefore, not to
be taken in a limting sense, and the scope of the
present invention is defined only by the appended
claims, appropriately interpreted, along with the ful
range of equivalents to which the clains are entitled.
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20 transistors arranged in arrays. In some embodiments, the control gate of each
floating gate transistor is connected to a word line and the drain of each floating
gate transistor is connected to a bit line. As used herein the term “nonvolatile
memory” refers to a memory device that maintains its state when power is removed.
Nonvolatile memories that incorporate floating gate transistors may be referred to
25  as “FLASH” memories, although the various embodiments of the invention are not
limited to those memories referred to as FLASH.

A memory cell that includes a floating gate transistor may be programmed
by inducing hot electron injection from the channel region to the floating gate
through the gate oxide by applying relatively high gate and drain voltages. The

30  voltage values applied to the gate and drain of floating gate transistor 100 during



vol tage values applied to the gate and drain of
floating gate transistor 100 duringprogranm ng affect
wo b@saoment of charge residing on the floati ngPQEUS2007/072343
after programm ng. The amount of time that the
relatively high gate and drain voltages are applied
al so affect the anpbunt of charge residing on the
floating gate after programm ng. The anmpunt of stored
charge affects current in the channel region by
determning the voltage that nust be applied to the
gate in order to allowthe floating gate transistor to
conduct current between the source and the drain. This
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erase cycles. For example, as the number of erase cycles increases, the drain node

20 voltage used during programming may be increased. By increasing drain node
voltage as the number of erase cycles increases, the programming time may be held
more constant during the life of the memory device. Further, by providing for a
lower drain voltage earlier in the life of the memory device, reliability may be
increased. |

25 Figure 2 shows a block diagram of a memory device. Memory device 200
includes write/erase control engine 210, erase cycle counter 220, variable voltage
source 230, and memory blocks 240, 242, and 244. Memory blocks 240, 242, and
244 include arrays of floating gate transistors, such as floating gate transistor 100
(Figure 1). Memory blocks 240 and 244 are labeled “Block 0” and “Block 2N-1” to

30  signify that 2 memory blocks may be present in memory device 200.



244 include arrays of floating gate transistors, such
as floating gate transistor 100 (Figure 1). Menory
whb@sks30210 and 244 are | abel ed "Bl ock 0" and P@/081007/072343
2N-1" to signify that 2N nenory bl ocks may be present
in menory device 200. Wite/erase control engine 210
provi des control signals (not shown) to various
circuits within nenory device 200. For exanpl e,
wite/ erase control engine 210 may provide tim ng
control signals to erase cycle counter 220 and
vari abl e voltage source 230. Wite/erase contro
engi ne 210 may be any type of controller suitable to
ef f ect progranning and erasing operations within
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Erase cycle counter 220 is an example of a mechanism to keep track of the
number of erase cycles for each of the 2N memory blocks. For example, erase cycle
counter 220 may include at least one digital storage location corresponding to gach
of the 2" memory blocks, and stored values in the digital storage locations may be

25  incremented when the corresponding memory block is erased. The information
stored in erase cycle counter 220 may be provided to variable voltage source 230
during a programming cycle, and variable voltage source 230 may provide a
different voltage on node 232 based on that information.

Node 232 is coupled to the drain nodes of floating gate transistors within the

30 memory blocks. For example, drain node 102 (Figure 1) may receive a voltage



stored in erase cycle counter 220 nay be provided to

vari abl e vol tage source 230 during a progranmm ng
w@ey@Bmp30and vari abl e vol tage source 230 nay prpoT/Us2087/072343

di fferent voltage on node 232 based on that

i nformati on. Node 232 is coupled to the drain nodes of

floating gate transistors within the nenory bl ocks.

For exanple, drain node 102 (Figure 1) nmay receive a

vol t agefrom vari abl e vol tage source 230 on node 232.

In sonme enbodi nents, node 232 may i ncl ude many
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Flgure 1 were chosen
circuit or a read interface circuit that couples various portions of memory device

200 to an external bus. Further, memory device 200 may include signal lines from

one or more interface circuits to control engine 210, erase cycle counter 220, or any

other block shown in Figure 2. The blocks that are shown in Figure 1 were chosen

to support an explanation of various embodiments relating to the programming of
25 the memory blocks using variable drain voltages.

In some embodiments, memory device 200 is a FLASH memory that
includes arrays of muitilevel cells (MLC). For example, each multilevel cell may
support four different program states represented by different threshold voltages on
a floating gate transistor. These four states may be represented as level zero (L0),

30 level one (L1), level two (L2), and level three (L3), where L0 corresponds to an



to support an explanation of various enbodi nents
relating to the programm ng of the nenory bl ocks using
wa@ a008adog2 dr ai n vol tages. I n sonme enbodi ment s, POBOB2097/072343
device 200 is a FLASH nenory that includes arrays of
multilevel cells (M.C). For exanple, each nultilevel
cell may support four different program states
represented by different threshold voltages on a
floating gate transistor. These four states may be
represented as |level zero (LO, |evel one (LI), |evel
two (L2), and level three (L3), where LCcorresponds to
anunprogramred nmenory cell with a | owest threshold
vol tage, L3 corresponds to a programred nenory cel
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20 Nonvolatlle array 310 may be any type of memory array capable of holding
information relating to the erased cycle count of memory blocks within a memory
device. For example, nonvolatile array 310 may include floating gate transistors
such as floating gate transistor 100 (Figure 1). In some embodiments, nonvolatile
array 310 includes one addressable location for each block of memory within a
25 memory device. In other embodiments, nonvolatile array 310 may include multiple
storage locations for each addressable memory block.
Figures 4 and 5 show flowcharts in accordance with various embodiments of
the present invention. In some embodiments, methods 400 and 500 may be used to

erase and program a nonvolatile memory device. In some embodiments, methods

30 400 and 500, or portions thereof, are performed by a controller in a nonvolatile



devi ce. For exanple, nonvolatile array 310 may incl ude
floating gate transistors such as floating gate

wo e@ssd®Bor 100 (Figure 1). In sone enbodi nent BCT/US2007/072343
nonvol atil e array 310 i ncl udes one addressabl e
| ocation for each block of nmenory wthin a nmenory
devi ce. In other enbodi nents, nonvolatile array 310
may include multiple storage |ocations for each
addressabl e menory bl ock. Figures 4 and 5 show
flowcharts in accordance with various enbodi nents of
the present invention. In sone enbodi nents, nethods
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erased.

20 As described above, method 400 performs an erase of a block in a memory
device and updates an erase cycle count for that block. In some embodiments,
method 400 repeats the block erasure for multiple blocks, and erase cycle counts are
updated for the multiple blocks.

Referring now to Figure 5, method 500 is shown beginning at block 510 in

25 which the erase cycle count of an addressed block is obtained. As in 410 (Figure 4),
the actions of block 510 may be performed when the “N” bits of an address are used
to look up an erase count in a nonvolatile memory such as nonvolatile memory 310
(Figure 3).

At 520, a drain voltage for the addressed memory block is set based on the

30 erase cycle count for the addressed block. In some embodiments, this may



As descri bed above, nethod 400 perforns an erase of a
bl ock in a nmenory device and updates an erase cycle
w@owanofosz that block. In sone enbodi ments, nmep¢DUS2000072343
repeats the block erasure for nultiple blocks, and
erase cycle counts are updated for the nmultiple
bl ocks. Referring nowto Figure 5, nethod 500 is shown
begi nni ng at bl ock 510 in which the erase cycle count
of an addressed block is obtained. As in 410 (Figure
4), the actions of block 510 may be perfornmed when the
“"N' bits of an address are used to | ook up an erase
count in a nonvolatile nenory such as nonvol atil e
menory 310 (Figure 3). At 520, a drain vol tage for the
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Figure 7 shows programming time versus number of erase cycles. A

programming time specification for a memory device is shown at 730.

20 Programming time specification 730 is generally a published specification that a
manufacturer guarantees is a maximum programming time. As shown at 710, the
actual programming time increases with erase cycle count for a nonvariable drain
voltage. As shown at 720, in various embodiments of the present invention, the
program time is held more constant by increasing the drain voltage as the erase

25 cycle count increases.

Waveform 720 is shown as a constant programming time, but this is not a
limitation of the present invention. For example, waveform 720 may take on a
“sawtooth” pattern when waveform 620 (Figure 6) has a very coarse stair-step

pattern. Also for example, waveform 720 may gradually increase or decrease



Figure 7 shows programm ng time versus nunber of erase

cycles. A progranmng time specification for a menory
waelewsoa30ss shown at 730. Progranm ng tine specP€T/U81000672343

730 is generally a published specification that a

manuf act urer guarantees i s a maxi mum progranmm ng ti ne.

As shown at 710, the actual programm ng tine increases

with erase cycle count for a nonvariable drain

vol tage. As shown at 720, in various enbodi nents of

the present invention, the programtinme is held nore

constant by increasing the drain voltage as the erase

cycl e count increases. Waveform 720 is shown as a

constant programm ng time, but this is not a

limt n For exa
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may hold nultimedia files” suc
fi | edonglatilg mempry Hevice mmambmnw céthe nonvolatlle memory

embodiments described herein, including nonvolatile memory device 200 (Figure
20 2). Many other systems uses for nonvolatile memory device 820 exist. For
example, nonvolatile memory device 820 may be used in a desktop computer, a
network bridge or router, or any other system without an antenna.
Radio frequency circuit 840 communicates with antennas 850 and digital
circuit 830. In some embodiments, RF circuit 840 includes a physical interface
25 (PHY) corresponding to a communications protocol. For example, RF circuit 840
may include modulators, demodulators, mixers, frequency synthesizers, low noise
amplifiers, power amplifiers, and the like. In some embodiments, RF circuit 840
may include a heterodyne recciver, and in other embodiments, RF circuit 840 may
include a direct conversion receiver. In some embodiments, RF circuit 840 may

30 include multiple receivers. For example, in embodiments with multiple antennas



menory device 820 may hold program code to be executed

by processor 810. Nonvolatile menory device 820 nmay be
w@rysob3oshe nonvol atil e nenory enbodi nents desPeT/bs07/072343

herei n, including nonvol atile nenory device 200

(Figure 2). Many other systenms uses for nonvolatile

menory device 820 exist. For exanple, nonvolatile

menory device 820 may be used in a desktop conputer, a

network bridge or router, or any other system without

an antenna. Radio frequency circuit 840 conmuni cates

Wi th antennas 850 and digital circuit 830. In sone

enbodi ments, RF circuit 840 includes a physica

interface (PHY) corresponding to a connunipat:ogs

r ot I F . circuit 840 may incl ude,
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For %@H%%‘snoﬂ:mﬁé ﬁ%&regﬂf? may be adapted to receive
time domain multi e acc (TDVA) signals, code
20 Antennas 850 may include one or more antennas. For example, antennas

850 may include a single directional antenna or an omni-directional antenna. As
used herein, the term omni-directional antenna refers to any antenna having a
substantially uniform pattern in at least one plane. For example, in some
embodiments, antennas 850 may include a single omni-directional antenna such as a
25 dipole antenna, or a quarter wave antenna. Also for example, in some
embodiments, antennas 850 may include a single directional antenna such as a
parabolic dish antenna or a Yagi antenna. In still further embodiments, antennas
850 may include multiple physical antennas. For example, in some embodiments,
multiple antennas are utilized to support multiple-input-multiple-output (MIMO)

30 processing or spatial-division multiple access (SDMA) processing.
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domain nultiple access (CDMA) signals, global system
for nobile communications (GSM signals, orthogona

Wo e@gensy division nultiplexing (OFDM si gnal BCT/US2007/072343
mul tiple-input-multiple-output (MM signals,
spatial -division nultiple access (SDVA) signals, or
any other type of communications signals. The present
invention is not limted in this regard. Antennas 850
may include one or nore antennas. For exanpl e,
antennas 850 may include a single directional antenna
or an ommi-directional antenna. As used herein, the
termommi-directional antenna refers to any antenna
having a substantially uniformpattern in at |east one

| ane. Fo in_Ssone. odi ts, antennas 850
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enbogj 8 in de nul ti pl e,
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mul t ipplif@méflﬁthﬂmsuta_n ef tht vdriopedethad ankppidiechts of the present
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pr oc ésthiofigorvehtieyne8REy degjor 820t sneanrya8Asiaad @erfohail actions in

i ncl [ e | e nmedi um... For ex e
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dyharmesnonafidom @obesd inenvngle HBRAMeviat abi €xamaRM@mvolatile
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rrerm?r)%, or a)r%/%ot (Iéy’;me@ e 3?“ aﬁ%’to %e é““!‘ﬁgfn i %@Wé‘%g%me
medi memosadtalske by processor 810. Menory 82? nﬁy store
i nstructi - ] e ex tiqn of t N
vari ous: TRk fre REALOCEROR: VX SaHEL BBwR hopbitts i iewre .
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820 BivgesiEPdP.yIngeme pmbodirotts, the vantos eldmeritniofaysérm §0temay be
nonv QJpQJa{eh)epagﬁgQJ WdFE4h&& on a common circuit board. In other
20 embodiments, the various elements are separate integrated circuit dice packaged
together, such as in a multi-chip module, and in still further embodiments, various
elements are on the same integrated circuit die.
The type of interconnection between processor 810 and nonvolatile memory
device 820 is not a limitation of the present invention. For example, bus 815 may
25  be aserial interface, a test interface, a parallel interface, or any other type of
interface capable of transferring command and status information between processor
810, nonvolatile memory device 820, and memory 825.
In some embodiments, nonvolatile memory device 820 may include NOR-

type FLASH memory cells, and in other embodiments, nonvolatile memory device

30 820 may include NAND-type FLASH memory cells. Memory cells in nonvolatile
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Al t hough the various el enents of system 800 are shown
separate in Figure 8, enbodi nents exi st that conbine
w0 b@sodosui t ry of processor 810, nonvol atil e nmRODUF2007/072343
devi ce 820, nenory 825 and digital circuit 830 in a
single integrated circuit. For exanple, nenory 825 or
nonvol atil e nenory device 820 nay be an interna
menory Wi thin processor 810 or nay be a microprogram
control store within processor 810. In sone
enbodi nents, the various elenents of system 800 may be
separately packaged and nounted on a comon circuit
board. In other enbodi ments, the various elenents are
separate integrated circuit dice packaged together,
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synt hesi zabl e hardware design | anguage, such as VHDL

or Verilog, and distributed to designers for inclusion
w0 poosededar d cel | designs, gate arrays, or thePCT/kKB82007/072343

Li kew se, any enbodi ment of the present invention can

al so be represented as a hard macro targeted to a

speci fic manufacturing process. Although the present

i nvention has been described in conjunction with

certain enbodi ments, it is to be understood that

nodi fications and variations may be resorted to

W t hout departing fromthe spirit and scope of the

invention as those skilled in the art readily

under stand. Such nodifications and variations are

conSLQﬁred L9 Ee within the scope of the invention and

ims. What is clained is : 1. An

|ntegrated circuit conprising: a floating gate

tranqlstorn%%e a&a:m ghanisn1to track a nunber of

erase cyc Ane " VEFTHBI®8y ol t age source coupled to

provi de aaﬂoamggMthm@ﬁxbﬂlthe floating gate

tr,ansi sto ou respopsive to the
rré’chanlsn%{r1 ang@koﬁﬂz ﬁ@ﬁ@%}%S?“ﬁwgg%a%£cles 2. The

i it egrat ed vm'labbljl'bltagefsowéeaioﬂpléd topesviied drdideolta gy € Bedlo8Ghg
cigc ude | u of floa
tPandr e BRREE o) Palsdis tefeon isramanie pash e e
ared mhmbueﬁhaﬂusnmio track a nunmber of erase cycles
includes a plurality of storage |locations to store a

nunber of erase cycles for each of the plurality of
bllocRs. 3Thelinegratet egeudttof dlaimi T whéreinof cl aim 1 mherein

the vari apl our d.to increase
d Pal n vo?{ﬂagéegggﬁéf%gmf 1“01[1? sﬁﬁ“@%&’égfitﬁ’%‘@ gfedrangidpy ce %
t Re ﬁuwbﬁdHmfaﬂnahecmybﬂesmwncreases 4 . The

integrate ere

ggte tran@FSCQ%H%%tggﬁgénugbﬁL Eﬁ?ﬂ%ﬁ%?@cEﬁFﬁp‘%ggﬁﬂb
i At egiomge thedtione i storfoai nhter of edasebyeiesifor ehdherf HeABirhifpeDr y
cel | LRopPprises

1 3. The integrated circuit of claim 1 wherein the variable voltage source is
2 coupled to increase the drain voltage on the floating gate transistor cell as the

3 number of erase cycles increases.

1 4, The integrated circuit of claim 3 wherein the floating gate transistor

2 comprises a FLASH memory cell.

15, The integrated circuit of claim 4 wherein the FLASH memory cell comprises
2 aNOR FLASH memory cell.

1 6. The integrated circuit of claim 4 wherein the FLASH memory cell comprises
2 aNAND FLASH memory cell.

17 A memory device comprising:
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a NOR FLASH nenory cell. 6. The integrated circuit of

claim4 wherein the FLASH nenory cell conprises a NAND
wao-RoASHoImIory cell. 7. A nmenory device conpri SPOUS2007/072343

plurality of menory bl ocks; an erase cycle counter to

count a nunber of tinmes each of the plurality of

menory bl ocks have been erased; and a variabl e vol tage

source to provide a variable voltage to each of the

plurality of nmenory blocks in response to the erase

cycle counter. 8. The nmenory device of claim7 wherein

each of the plurality of blocks includes floating gate

transi stors. 9. The nmenory device of claim8 wherein

the variable voltage source is coupled to vary a drain

vol tage on the floatin% ate transistors during

p? ogr anmidRPrHEE PERFBIY ! 10%@5 The menory device of claim

93 wher ei nintehe HRleicalthé t& QuhBORInbOLITCithek Sach Ofifak pldrality of

i ncrease the drain volt%ge to a block as the erase

cycl BergRhlasks haye preaereedsndar ge erase cycle count. 11.

The menoryyad@ié edta@s sotlcatoPraviddhevadibtile tdiagen aad of el e
counter includes at | east one &onvolaﬁile st or age
| §caPpHt b meRapPlesks IHESPRISE fLIPF E9S S IRHENSIY bl ocks.

12. The nmenory device of claim?7 wherein each of the

AR R R e T e T

to agdnesscatind @astangaesmenory | ocation; and
i ncrenenting an erase count corresponding to the at
| east one nenory |location. 14. The nmethod of claim 13

fyrtber coH¥pfdnorng@evee astliig & Wieerdlh the @addbleonBageBomtey/is

| ocation.15. The nethod of, clajm 13 further, conprisin
S8t L PG TR ot UGS Do P G ATS TR e
cel | opdrattone at | east one nenory |ocation based on the
erase

1 10. The memory device of claim 9 wherein the variable voltage source is
2 coupled to increase the drain voltage to a block as the erase cycle counter indicates a

3 large erase cycle count.

1 11.  The memory device of claim 7 wherein the erase cycle counter includes at

2 least one nonvolatile storage location for each of the plurality of memory blocks.

1 12.  The memory device of claim 7 wherein each of the plurality of memory

2 blocks includes FLASH memory cells.

1 13. A method comprising:
2 receiving an address to address at least one memory location; and
3 incrementing an erase count corresponding to the at least one memory

4  location.

1 14.  The method of claim 13 further comprising erasing the at least one memory

2 location.
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count. 16. The nethod of claim 15 further conprising

progranm ng the at | east one nenory |ocation. 17. The
woredokoa30sf cl ai m 15 wherein setting a drain voPCHYS2007/072343

conprises setting the drain voltage to a higher val ue
as the erase count increases. 18. An electronic system
conprising: an antenna; radio frequency circuitry
coupled to the antenna; a processor coupled to the
radio frequency circuitry; and a nenory device coupl ed
to the processor, the nenory device including a
plurality of nmenory bl ocks, an erase cycle counter to
count a nunber of tinmes each of the plurality of
menory bl ocks have been erased, and a variable voltage
source to provide a variable voltage to each of the
plurality of nmenory bl ocks in response to the erase
cycl e.coumnt &fethod 8f cldiel 3@t EpriSing yﬁﬂi@m deiin edlaigerols
wherei n each of the pl allt of blocé Qes
¥ oatige gt wsiisnes B gt kidorerngnedy oD et &3 e aire
of clshim 19 wherein the variable voltage source is
coupled to vary a drain voltage on the floating gate
transi stors during programm ng operations.

1 16.  The method of claim 15 further comprising programming the at least one

2 memory location.

1 17.  The method of claim 15 wherein setting a drain voltage comprises setting the

2 drain voltage to a higher value as the erase count increases.

1 18.  An electronic system comprising:

2 an antenna,

3 radio frequency circuitry coupled to the antenna;

4 a processor coupled to the radio frequency circuitry; and

5 a memory device coupled to the processor, the memory device including a

6  plurality of memory blocks, an erase cycle counter to count a number of times each
7  of the plurality of memory blocks have been erased, and a variable voltage source to
8  provide a variable voltage to each of the plurality of memory blocks in response to

9 the erase cycle counter.

1 19.  The electronic system of claim 18 wherein each of the plurality of blocks

2 includes floating gate transistors.
1 20. The electronic system of claim 19 wherein the variable voltage source is

2 coupled to vary a drain voltage on the floating gate transistors during programming

3 operations.
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