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flash memory devices. Most electronic devices are designed with a single flash memory

15 device.

NAND flash memory devices are becoming popular due to the high memory
densities possible at a relatively low cost. The NAND architecture connects 8, 16 or 32
memory cells in series on a single bit line. A simplified diagram of a typical prior art NAND

architecture flash membry is illustrated in Figure 1.

20 In Figure 1, a NAND flash array is comprised of an array of floating gate cells
101 arranged in series strings 104, 105. Each of the floating gate cells are coupled drain to
source in the series chain 104, 105. Word lines (W10 — WL31) that span across multiple
series strings 104, 105 are coupled to the control gates of every floating gate cell in order to

contro] their operation.

25 , In operation, the word lines (WL0 — WL31) select the individual floating gate
memory cells in the series chain 104, 105 to be written to or read from and operate the
remaining floating gate memory cells in each series string 104, 105 in a pass through mode.
Each écries string 104, 105 of floating gate memory cells is coupled to a source line 106 by a
source select gate 116, 117 and to an individual bit line (BL1 — BLN) by a drain select gate

30 112, 113. The source select gates 116, 117 are controlled by a source select gate control line
SG(S) 118 coupled to their control gates. The drain select gates 112, 113 are controlied by a
drain select gate control line SG(D) 114.



source select gate 116, 117 and to an individual bit Iine (BL1- BLN) by a
drain select gate 30 112, 113. The source select gates 116, 117 are
controlled by a source select gate control line SGES) 118 couplladhtioiifhei r
control gat’&s2004HR5¥r ai n sel ect gates 112, 113 are contr dtATUS28/@ 42481 ai n
select gate control line S D) 114. WO 2004/102580 2 2 6 AN ' ThUb
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in the H3LYBS &0 Y493 peing over-erased due to the top cell 120 dictating

t he nunber of erase pulses. 20 Typical flash nenory uses a single
bi t-per-cel | . Edsisu@éng a patieHar eedltie pperetingyy saturatipadngdedn ofdes kheat thevol t age or
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on the experience a voltage drop on its Vgs. The cell 120 at the top of the series of cells 104 sees 31
15 times the voltage drop in the source voltage. Since the cell current is a function of (Vgs -
Vt)2, the difference in the source voltages is going to be squared in reflection of the.cell
current change, Vt (i.e., the threshold voltage) being the same. This eventually may result in
the bottom cell 123 being over-erased due to the top cell 120 dictating the number of erase

‘ pulses.

20 Typical flash memory uses 2 single bit-per-cell. Each cell is characterized by a
l specific threshold voltage or Vt level. Within each cell, two possible voltage levels exist.
These two levels are controlled by the amount of charge that is programmed or stored on the
floating gate; if the amount of charge on the floating gate is above a certain reference level,

the cell is considered to be in a different state (e.g., programmed or erased).

25 Multilevel celis have recently been introduced to greatly increase the density of a
flash memory device. This technology enables storage of multiple bits per memory cell by
charging the floating gate of the transistor to different levels. This technology takes
advantage of the analog nature of a traditional flash cell by assigning a bit pattern to a
specific voltage range stored on the cell. This technology permits the storage of two or more

30  bits per cell, depending on the quantity of voltage ranges assigned to the cell.



floating gate; if the amobunt of charge on the floating gate is above a
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15 SUMMARY
The above-mentioned problems with uniform threshold distribution and other
problems are addressed by the present invention and will be understood by reading and

studying the following specification. -

The various embodiments relate to a flash memory with an improved read and
20  erase verification threshold uniformity. A method for improving the uniformity comprises
| determining a position of a first accessed cell, of a plurality of cells in a series configuration.
The position is determined with reference to a ground potential in the flash memory device. A
first word line signal voltage level is adjusted in response to the position of the first accessed

cell. The first word line signal is coupled to the first accessed cell.

25 Another embodiment of the present invention generates a reference measurement
for each cell. The measured value of an access cell is then compared with its new reference

measurement to determine the value of that particular cell.

Further embodiments of the invention include methods and apparatus of varying

scope.

30



The various enbodi nents relate to a flash nmenory with an inproved read and
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DETAILED DESCRIPTION
In the following detailed description of the invention, reference is made to the

accompanying drawings that form a part hereof, and in which is shown, by way of

15 illustration, specific embodiments in which the invention may be practiced. In the drawings,
like numerals describe substantially similar components throughout the several views. These
embodiments are described in sufficient detail to enable those skilled in the art to practice the
invention. Other embodiments may be utilized and structural, logical, and electrical changes
may be made without departing from the scope of the present invention. The following

20  detailed description is, therefore, not to be taken in a limiting sense, and the scope of the

present invention is defined only by the appended claims and equivalents thereof.

Figure 2 illustrates a functional block diagram of a memory device 200 of one
embodiment of the present invention that is coupled to a controller circuit 210. The controller
circuit 210 may be a microprocessor, a processor, or some other type of controlling circuitry.

25  The memory device 200 and the controller 210 form part of an electronic system 220. The
memory device 200 has been simplified to focus on features of the memory that are helpful in

understanding the present invention.

The memory device includes an array of memory cells 230. The memory cells are
non-volatile floating-gate memory cells and the memory array 230 is arranged in banks of

30 rows and columns.
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AO- Ax 242. Addr egge sheatRl GeREL2008681s\HRth iANHe ﬁiﬁﬁl@geg’r%ﬂ% HyQhsifle GQERke o244
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bank and bl ock counts. The nenory device 200 reads data in the nmenory array
230 by seesimupisationaxyer apluradily efatata comaediions i2h2 whith theeantspllar 2H). Woitairms  usi ng

sense/latch cirgui.try 25Q0. Th nseflatch 10 circuitry, in one enbodi nent,
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| nput and out put buffer cjrcuitry 260 is incl,éj ed for pi-di r_ection%ll dat a
Control circuitry 270 decodes signals provided on control connections 272 from

15 the processor 210, These signals are used to control the operations on the memory array 230,
including data read, data write, and erase operations. In one embodiment, the control circuitry

270 executes the methods of the present invention.

Chip select generation circuitry 225 generates the chip select signals for the
memory device 200. This circuitry 225 uses the address connections 242 from the controller
20 210 to generate the appropriate chip select signal depending on the address present on the

, address connections 242.

The flash memory device illustrated in Figure 2 has been simplified to facilitate a
basic understanding of the features of the memory. A more detailed understanding of internal

circuitry and functions of flash memories are known to those skilled in the art.

25 Figure 3 illustrates a flowchart of one embodiment of a method of the present
invention for improving read and erase verification uniformity. This method may be executed
by the flash memory device controller and, in one embodiment, the instructions are stored in

a volatile or non-volatile memory area of the device.

The desired memory cell is read or verified 301 to determine its state. As is well
30  known in the art, the reading of a cell is performed by writing the cell address to the X and Y

decoders. The decoders generate the appropriate word line and bit line signals for that



comuni cation over a plurality of data connections 262 with the @Q&Bogber
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15  and are stored in non-volatile memory with the look-up table. In such an embodiment, the
reference voltage/current is accessed at substantially the same time that the cell is addressed.
Alternate embodiments dynamically generate the reference voltage/current for each accessed

cell using extra circuitry in the sense amplifier and memory array.

In an alternate embodiment that employs multilevel cells, multiple reference
20 voltages/currents may be generated for each cell in response to the cell’s position in the series
of cells. Since multilevel cells require multiple thresholds to determine the stored bit pattern,
each threshold of the present invention should be updated in response to the position of the
cell. In still another embodiment, an offset for each particular cell can be generated and used

to generate the different thresholds necessary for the operation of a muitilevel cell.

25 Once the voltage/current reference(s) for a particular cell is determined 304, the
measured voltage/current for that cell is compared to the reference(s) to determine the state of
the cell 305. If the measured voltage/current is within one of the ranges for the cell 307, the
range in which the measured voltage/current exists 309 indicates the cell’s stored value. If the
measured value is not within one of the predetermined ranges 307, the cell is in an erased

a0 state 311.



that lists an address and its corresponding cell location (i.e., how many
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15  is generated internally.

Referring to Figure 4, a memory array 401 is comprised of a typical NAND
architecture array of memory cells. A column decoder 403 generates the bit line signals in
response to an address input. The bit line signals are applied to the memory array 401. The
operation of the column decoder 403 in generating the bit line signals is well known in the art

20 and is not discussed further,

A row decoder 405 generates the word line signals in response to the address
input. The operation of the row decoder 405 in generating the word line signals is well known
in the art and is not discussed further. The word line signals at a nominal voltage level are
applied to a voltage generator circuit 410. The voltage generator circuit 410 is responsible for

25 generating the proper voltage to be applied to each cell depending on its location in the series
of cells. The nominal voltage level for the word line signals depends on the embodiment of
the flash memory device. In one embodiment, the nominal word line voltage is 4.50V. The

present invention, however, is not limited to any one nominal word line voltage level.

In operation, when the voltage generator circuit 410 receives a word line signal
30  from the row decoder 403 indicating that the cell closest to ground is to be read or verified,

the voltage generator 410 does not increase the voltage applied to that particular word line



| ocation in the series of cells. 5 For exanple, a voltage of 4.5V during the
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the serie®O w¢10288ger the vol tage. The val ue of the hi &@?’U%’H’%@ f or each
cell varies with the quantity of cells goetween the top and the bottom

cells. Alarger quantity of «cells in the series requires a larger voltage
for the top cell due to the larger quantity of voltage 10 drops in the
seri es. |inputhp sheendoeliyrasiay 40w11f the woegs emeo@onmncuaééo measives soyerd ting $ignalop

cell, so. | .d at st ant e Vt and
Vos of o rbfaiharhi gt ciPin B85 nf 8o RRel B e Gl T Be RORG Fohgeq B, | (Phre
t hen erasﬁdtab@%én@faﬁﬂr)élﬁﬂﬁ4mhﬁvﬁsw thé woREli S v@tag @Wﬂh@fiﬁexﬁ&g ?dong y and

erase verification. The voltage of the gate is a controll voltage that 15

i s gener aﬁdéulonnlt(b@ldélmynlmﬂ%faerthq wgrdtlmeengg@lsermrecawneMo;aUagraayaMcG1 is

conprd sed_ of h|t cture. arr A col um

decodger 4Yf§ﬁ§§ lgtug:éeatswgl%t 1egcﬁgICLOSF%%(¥qé)EB‘gﬁg§‘%ngﬂe WRlEERSs i nput .
The bit lihfieassh 9mANStoRERhRN! | ed _to the nenory array 401. The operation of
the col um decoder 403 in generating the bit line signals is well known in

the art 20 and i el NS IRAEME NG il RWAPRAISHIART, dRpatates the

word line signals in response t & ad ress inpu pera on of t he
row decodifferéfSfor altegeaie exabodlglehtseTh@pnésdm irvesiignialnst lismitee kd adgnmmervoltage t he

art and is not di siussed further. The word line signals at a nom nal voltage
| evel ar émf&%’;ﬁII’F’é?FIto a voltage generator circuit 410. The vol tage gener ator
circuit 410 is responsible for 25 generating the proper voltage to be

appl 1&d to each betre egdiodivanighe oltags geperator ehicuind khis comprised ofgflarget | s. The

The 1 asHoesior yo e ¥ a0k ny e e OB0ick: GRRFRAReBine ' BE Vol fage i <

4. 50V. Thﬁmd@[@wmhnwgm ittHd is 1ROMPME Th ahdthdi@mbotithdrtth 8igitalnys-aagnon nal
word |ine voltage level. In operation, when the vol tag %ener ator circuit
a¥c

410 r eceiopBYCIEr GRIFVEIh Fh?énnutgmﬂ linggignals e ehanalegyaliage Awghe regeived i ng t hat
the cell %h §se%%e§9es%t? ub rPot‘i’%n{eﬁl e%‘%f oﬁ/etAﬁEtE15390r & a}’lﬁéhl%qgerﬁ&ﬂerator

410 does I'nCr éase t age app part
2004151025&@ vBltage to the memory array 401.

Figure 5 illustrates a flowchart of the method of the present invention in
accordance with the embodiment of Figure 4. In this embodiment, the column decoder
generates the bit line signals 501 and the row decoder generates the word line signals 503.
The voltage generator circuit receives the word line signals from the row decoder and

- 20  generates the proper voltage to be applied to the desired cell 505 in response to the location

of the cell in the series of cells.

CONCLUSION

The embodiments of the flash memory device of the present invention increase the
25  uniformity of the threshold distribution of cells for read and erase verification. This is
accomplished by basing either the reference voltage/current or the word line voltage on the

cell’s location in the series of cells on each bit line,

While the flash memory device described above is in reference to a NAND-type
flash memory device, the present invention is not limited to any one type of flash memory
30  device. Other types of flash memory devices include NOR-type flash memeory devices and

synchronous flash memory devices.



28 OR 1006 PCT/US2004/014248 input to the nenory array 401. If the voltage
generator circuit 410 receives a word |line signal indicating tha&ﬁphe next
cell up fromthe cell closest to ground is to be read or verified°tH&
vol tage generator circuit 410 increases the word line voh&ﬁgﬁﬂhﬂohgg menory
array 401Wsy2MW10%8Hiti onal 0.01V. Similarly, as the wor I'Ae signals are
received indicating a read or 5 verificagtion in increasing distance fromthe
cell closest to ground, the word line voltage is increased 0.01V for each

cell. As indicated above, the voltage |evel that the word |ine voltage is
increased is di Plthpughtspeeific gmbedimans hayp beannbnstsatedrans daserihediberamyénvilon i s

not limted t Q vol.t a i ease s I e Lpent, the
Vol tage qenepie B EMBontr i8Ry RETEHCE e 6T duonbipe B SIREATR e
that is dichietethedmd phipose Mal bagebsttuediRr el shetliit enBod@nats tioRn. My
particular word line signal that is received. |In another enbodinent, a

di gi t al - tadaptadensPr thegnventios witldagpargntitp ghase plierdimaryiskillie theiagnal s to an

anal vo] t ased on.the recejive address., The present..invention is not
M e e B AR PR e GRS o U Y aao R TR e 1o fhe
NMenory anfantiéRll ibnanifay iktthdithatRs itvehliG B Rmite@bniyhs thBfdIR% iR the
present invention in accordance wth the enbodi nent o igure 4. In this

enbodi merslaims hed eglivadentsithetsgér generates the bit line signals 501 and the
row decoder generates the word |ine signals 503. The voltage generator
circuit receives the word line signals fromthe row decoder and 20 generates
the proper voltage to be applied to the desired cell 505 in response to the
| ocation of the cell in the series of cells. CONCLUSI ON The enbodi ments of
the flash nenory device of the present invention increase the 25 uniformty
of the threshold distribution of cells for read and erase verification. This
is acconplished by basing either the reference voltage/current or the word
line voltage on the cell's location in the series of cells on each bit

line. Wiile the flash nenory device described above is in reference to a
NAND-type flash nmenory device, the present invention:is not [imted to any
one type of flash nenory .



30 device. O her types of flash nenory devices include NOR-type flash nenory
devi ces and synchronous flash nenory devices. Z tf i 1\ 4uuu WO 2004/ 102580
PCT/ US2004/ 014248 9 Al t hough specific enbodi nents have been iIIusgaqpﬁq@ nd
descri bed herein, it will be apprecigped by those of ordinary skill in The
art that any arrangenent that is calculated to achieve the sane purpose nmay
be substituted for the specific enbodi nents shown. Many adaptations of the
invention will be apparent to those of ordinary skill in the art. 5
Accordingly, this application is intended to cover any adaptations or
variations of the invention. It is manifestly intended that this invention
be limted only by .the followng clains and equivalents thereof. 2 8 APR
2006 10 F‘ﬂéngpdﬁned is: A nethod for increasing read and erase
verification threshold uniformty in a nenory device, the nethod
conprising: determning a position of a first accessed cell, of a plurality
of cells in a series configuration, with reference to a ground potential in
the flash nenory device; and adjusting a first word |line signal voltage

the 115t adkbutfof RE Rt Sing EE AT RE Lir dhon GRERATRRI Brblly sRERGRRD

generating alesRepthd methed bomeriviagt age to a second accessed cell such that
the second word line voltage is_greater than the first word |ine voltage
when the sed§Hamiiagaqwgitioa) of afirshaceessed celd gt ninality obesllsra ageaemd

position. 3. The Sarfasr ATl § BRelborcrietln AEBRRBIiR ediea, . g

word |ine voltagearido a second accessed cell such that the second word |ine
voltage is less than the first word |ine voltage when the second accessed
cel I 's posi #ABsting adirswprd ling gignal veliage lsyelerrypigd torthe figst accessed cell, n

response to the position of the first accessed cell.

2. The method of claim 1 and further including generating a second word line voltage to a
second accessed cell such that the second word line voltage is greater than the first word
line voltage when the second accessed cell’s position is further from the ground potential

in the series configuration than the first accessed cell’s position.

3. The method of claim 1 and further including generating a second word line voltage to a
- second accessed cell such that the second word line voltage is less than the first word line
voltage when the second accessed cell’s position is closer to the ground potential in the

series configuration than the first accessed cell’s position.

4. The method of claim 1 wherein the memory device is flash memory device comprised of
a NAND architecture.

5. The method of claim 1 wherein determining the position of the first accessed cell

comprises decoding an address input to the flash memory device.

6. The method of claim 1 wherein the series configuration of the plurality of cells is coupled
to a bit line at one end of the series configuration and at the ground potential at the

opposite end of the series configuration.



series configuration than the first accessed cell's position. 4. The nethod
of claim1 wherein the nenory device is flash nenory device conprised of a
NAND architecture. 5. The nethod of claim 1l wherein determ ning t ﬁp§?®

of the first accessed cell conprisesjgecoding an address input to t ash
menory device. 6. The nmethod of claim 1l wherein the series configuration of
the plurality of cells is coupled to a bit |line at one end of the series
configuration and at the ground potential at the opposite end of the series
configuration. I1 2 8 APR 2006 7. The nmethod of claim1 wherein adjusting
the first word line voltage conprises: decoding an input address to
generate the first word |ine signal having a nom nal voltage |evel; and
conpensating the nom nal voltage |level in response to the position of the
frst 3eCes Tl mffbh of Baind N BB O Qhin A Akl WA BL SoRAIPEIARALAD e

nom nal vol t'age Tevel ri ses first wor I ne Signal having
t he nom nal deed)dlﬂgen |11q34.&|adt11tbssltor ﬁieﬂt@thecﬁrﬁl werd lineodi pi dagidiged wdrpinakb voltage t
to conpensate the nom nal voltage level. 9. The nethod of claim?7 wherein
conpensating the Ig¥h #d vol tage | evel conprises coupling the first word

l'i ne signal I
convert o _adrsneuing ThEARRE viRagARGel f Heipohtt BIneRRiath bPut Ml Hocssca,
vol tage | evel, 1QmHA flash nmenory device conprising: a nenory array
conprising a plurality of menory cells coupled together in a series
configuration, a first end of the series configuration coupled to a bit line
and a gseco 0 enti al

r ef erence ﬁ%e?@%h%&l oggfgn ﬁ%a@ &frﬁrf% P&g‘% dsgotpﬁ 'ﬁ?x%aqq/o tgg@leg%g%rg%%er t hat
gener ates a coupking th&efirbﬁ\vbﬂﬂlm‘b sagml ihating thé agirnagveksgedace] o wakdiggedivider
generator circuit, coupled hetween the row decoder ang the menory array,

that adj ust¥@lta %thHéFIT%T tofgEnepsale thepgmaigabyrltage devehe position of a
first nmenory cell indicated by the word |ine.

9. The method of claim 7 wherein compensating the nominal voltage level comprises
coupling the first word line signal having the nominal voltage level to an analog to digital

converter acting as a voltage generator circuit to compensate the nominal voltage level.

10. A flash memory device comprising:

a memory array comprising a plurality of memory cells coupled together in a series
configuration, a first end of the series configuration coupled to a bit line and a
second end of the series configuration coupled to a ground potential reférence;

a column decoder that generates the bit line;

a row decoder that generates a word line having a nominal voltage level; and

a voltage generator circuit, coupled between the row decoder and the memory array, that
adjusts the nominal voltage level in response to the position of a first memory cell

indicated by the word line.
11. The device of claim 10 wherein the device is a NAND flash memory device.

12.  The device of claim 10 wherein the voltage generator circuit is a voltage divider network.



11. The device of claim 10 wherein the device is a NAND fl ash nenory devi ce.
12. The device of claim 10 wherein the voltage generator circuit is a

vol tage divider network. 12 2 8 APR 2006 13. The device of clai m 10gviparein
the voltage generator circuit is an amml og-to-digital converter that uses a
plurality of word |ines generated by the row decoder to adjust the nom nal
vol tage | evel. 14. The device of claim 10 and further including control
circuitry adapted to: read the first nmenory cell; determ ne the position of
the first menory cell with reference to the ground potential; and generate
a reference voltage in response to the position. 15. The device of claim 14

wher ei n_t he _control uitry is, f rther adapted t.o determ ne the sition
of thelfi rstﬁ'ﬁg’ﬁm gé 31“&91%??@%’3 Byo%%?o%ﬁnﬁ&t%fnmf%b‘dﬁ aa&af?l@gsto di%Pa The
device of cl; t -
Compare’h meBhiBkf SR Jobau g BELR s Guehida bppie b RcoBEPRRtld e

vol t age; andormhﬁle'bﬂmgeleaehal ue of the read first nenory cell in response to

t he conparison. 17. The device of claim 10 and further including a plurality
of menory locations that store a table indicating a reference voltage for

eaeh of e Bl ol i e FORAIRNCRRoPinGlil Bidfiolisr o 0 the

reference vol tage gener at enera clrcuit.
read the ﬁrst memory cell;

determine the position of the first memory cell with reference to the ground potential; and

generate a reference voltage in response to the position.

15.  The device of claim 14 wherein the control circuitry is further adapted to determine the

position of the first memory cell comprises by decoding an input address.

16. The device of claim 14 wherein the control circuitry is further adapted to:
compare a measured voltage from the first memory cell with the reference voltage; and

determine a value of the read first memory cell in response to the comparison.

17. The device of claim 10 and further including a plurality of memory locations that store a

table indicating a reference voltage for each of the plurality of cells.

18. The device of claim 16 wherein the reference voltage is generated by a reference

generator circuit.





