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. IN A FLASH MEMORY DEVICE TECHNI CAL FI ELD OF THE I NVENTION 5 The present

i nvention relates generally to nenory devices and in particular the present
i nvention o flash nenory devices nenory devic AeleRAND OF THE
| NVENTI mﬁ@&?‘&%’vi ces are typically provided as int 2’?—'{,&’?, sem conduct or,
integrated 10 circuits in conmputers or other electronic devices. There are
many different types of nenory including random access nenory (RAM, read
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menory that can be erased and reprogramed in blocks 15 instead of one byte
at atime. Atypical flash nenory conprises a nenory array, which includes

a |large nunber of mMeNMYBCHNICAL BRIID O THE INSBENPION! | s includes a floating
gate field-effect transistor capable of holding.a charge., K The cells are
usudl |y gr oupSRf BIReBt igyentioa relates gencafly foywemary deviges mndinpagicalakthean pe

el ect ri%@%gnymp&ﬁ@mmgm%ﬁdeg‘gﬁgggﬁﬁgm a&hakging the floating gate.

The dat nace I's determn the presence or absence of the 20 charge
in the floating gate. The charge can be renoved fromthe floating gate by a
bl ock erase operation. Each nenory cell can be programmed as a single bit

per cell (i.e., single - ' bits per cell (i.e.,
mil tilevel cell -MO). W?Bﬁ@tﬂmw@i (Vt) deternines the
data that is Memoegdddvices e tgsitdlly providedxaiiibmal, semisosiuogk,dntbgruteper cell, a Wt
of 0.5V 25 ,can indicate a progra d cell while a M. of-0.5V mght indicate
an l_gr as‘é’EF“H%}“! compyers ?ﬁﬂﬂﬂquegﬁ%?mgggwceﬁgb‘WE"}?ﬂy fi}f%ﬂ'@t Wewﬂa@ﬂgwt hat each
. ndi cat gendindirdddeitaticess nfdnfory WA M) B¥Pbnly BRhloBy (raMe), auARI3ARI0Af the anal og
‘nature of a traditional flash cell by assigning a bit "pattern to a specific
vol t ageaagessrennry (DRAMY; synkbropeys|dynathicsandentatetss gaempey (BRRAMIcndfleshage of

two or g%%% bits per cell, depending on the quantity of voltage ranges
assigneg‘i1 o'the cell. 30 It is inportant that the WVt distributions be

sufficiently ARRSE 1dn g o%; 1Is a%}?pea& ntle%mrr)? {#f San be erased and reprogrammed in blocks
15  instead of one byte at a time. A typical flash memory comprises a memory array, which
includes a large number of memory cells. Each of the memory cells includes a floating gate
field-effect transistor capable of holding a charge. The cells are usually grouped into blocks.
Each of the cells within a block can be electrically programmed on a random basis by
charging the floating gate. The data in a cell is determined by the presence or absence of the
20  charge in the floating gate. The charge can be removed from the floating gate by a block

erase operation.

Each memory cell can be programmed as a single bit per cell (i.e., single level cell —
SLC) or multiple bits per cell {i.e., multilevel cell - MLC). Each cell’s threshold voltage (Vy)
determines the data that is stored in the cell. For example, in a single bit per cell, a V; of 0.5V

25  canindicate a programmed cell while a Vi of —0.5V might indicate an erased cell. The

multilevel cell may have multiple V, windows that each indicates a different state, Multilevel
cells take advantage of the analog nature of a traditional flash cell by assigning a bit pattern
to a specific voltage distribution for the cell. This technology permits the storage of two or
more bits per cell, depending on the quantity of voltage ranges assigned to the cell.

30 It is important that the V, distributions be sufficiently spaced apart so as to reduce
the possibility of a higher voltage of one distribution overlapping a lower V; of the next

distribution. The overlap can occur due to noise or temperature variations of the integrated
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to a specific voltage distribution for the cell. This technology permts the
storage of two@e/133m3 e bits per cell, dependi ng on the q¢aniszéogothivol t age
ranges assigned to the cell. It is inpogtant that the Vt distributions be

sufficiently spaced apart so as to redute the possibility of a higher
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t hensel ves narrower. This can be a problem since rrermrP/ cells program at

di fferent ratesltifimpatankibahe Vedistrisutinny bp suffeigatin Fpart 5p as orediss oner
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Toshi ba anghkeadisKbdthe tHedlsél08 nafoRak ThBlcabe a floblirOSfoedndmity SEIBP 15
progranmm ng net hod that uses first and second step verify voltages. Once a

t hr eshol d PreAram ddiffegnt rgtesenory cel | being programmed reaches the first step
verify voltage, a wite control voltage is changed for all cells being
progranmed. Thi Fagpionemersaells may be prgeammied etre e sloweneellysingg thedestars.  One

pr obl Wi i ' i s : ) . 20
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i ncr eases celichdngniifferent andioe sloker tepothegr dstribitione that bkleweetdlls duatcthbeider hey are a

fast cell pr .a slow cell._ Another nethod that nmay be used to create narrower
di stribut idggr%blﬁngnst‘ife"jﬁ"]uﬂ%faéﬁeﬁ%e Sprograming pul se step voltage as the cell
approaches a praogrammed st at.e. wever., this o sl the ogranm ng for
all of the bits, H’[?éfltPé .EW’E&S’&E%WHFW@H#@%&FW%pés’k@r?gra.@geci ally
true for tdg. Khmﬁgnéﬁ'té%b}ﬁbﬁ hSanbRRICoSAM oneTAARE b 2NBdcIdE QPWa8Rp NY pul ses
that take longer to reach due to the snaller increnent.
15 programming method that uses first and second step verify voltages. Once a threshold voltage
for a memory cell being programmed reaches the first step verify voltage, a write control
voltage is changed for all cells being programmed. This slows down the programming of all

the memory cells.

One problem with this approach is that it reduces programming throughput.
20 Reducing the programming speed of all of the cells being programmed increases the time it

takes to program all of the cells, whether they are a fast cell or a slow cell,

Another method that may be used to create narrower distributions is to adjust the
programming pulse step voltage as the cell approaches a programmed state. However, this
also slows the programming for all of the bits, thus reducing programming throughput. This

25  is especially true for the higher distributions that require additional programming pulses that

take longer to reach due to the smaller increment.

For the reasons stated above, and for other reasons stated below which will become
apparent to those skilled in the art upon reading and understanding the present specification,
there is a need in the art for a way to generate narrow V. distributions without reducing the

30  programming throughput of the memory device.



For the reasons stated above, and for other reasons stated bel ow which w Il
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THE DRAW NGS Figure 1 shows a sinplifided schematic di agram of one enbodi ment
of a flash nenory array of the present invention. Figure 2 shows a

flowchart of one enbochmpggmk@ﬁtdyq-mi?mmgmﬂ ng 5 nmethod of the
present invention. Figure 3 shows a diagram of one enbodi nent of W

“di stri buti ons Hgure Ashgweagmplifiedsehemptinriiagein of encienshndimend ofk fasiof one
enbodi m;p; ] , data bit voltage levels, and bit line
vol t age e%@&s?%ﬁ%@gg}reg%‘ﬁw%&% t he enmbodi nent of Figure 2. 10 Figure 5
shows a sinplid.i ed,b] ock di agram.of o nbqdi.nment  of menory system of
the present i nvelt ?8*\9‘”& W@E%%@%%MPW%@“%F@M‘H@ | ed
descs i pthethodsf thdpretavRtntod, reference is made to the 15 acconpanying
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t hr oughdwyenfipe several views. These enbodinents are described in sufficient
detail to enable those skilled in the art to practice the invention. O her
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di agr amogfthepreseptinoehtioBnt for a main NAND flash nenory array of the present

i nvention. The nmenory nmay of Figure 1, for purposes of clarity, 25 does not
show all of the elenents typically required in a menory array. For exanple,

only DETAILED DESCRIPTION
In the following detailed description of the invention, reference is made to the

15  accompanying drawings that form a part hereof, and in which is shown, by way of
illustration, specific embodiments in which the invention may be practiced. In the drawings,
like numerals describe substantially similar components throughout the several views. These
embodiments are described in sufficient detail to enable those skilled in the art to practice the
invention. Other embodiments may be utilized and structural, logical, and electrical changes

20  may be made without departing from the scope of the present invention. The following
detailed description is, therefore, not to be taken in a limiting sense, and the scope of the

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

Figure 1 illustrates a simplified diagram of one embodiment for a main NAND flash
memory array of the present invention. The memory array of Figure 1, for purposes of clarity,
25  does not show all of the elemenis typically required in a memory array. For example, only
two bit lines are shown (BL1 and BL2) when the number of bit lines required actually
depends upon the memory density. The bit lines are subsequently referred to as (BL1 —
BLN).

The array is comprised of an array of floating gate cells 101 arranged in series
30  columns 104, 105. Each of the floating gate cells 101 are coupled drain to source in each
series chain 104, 105. A word line (WL0 — WL31) that spans across multiple series strings
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menory ce rogramed IS biase a series I'ncrementrng vol t age
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Pt oqr i S oA Seblalel FIheir ol e mhscrtinsrPRIE A A TR e etoldthge or o
i s perfor gegh defectpit@EdndElind SGY 198! | 's  threshold voltage V, has increased

to the properly programmed |evel (e.g., 0. 5V). The unelected word lines for

the remaini ng Celukisig 8% Riday PR proRaRBth Heriod Qhé 8&ted WG ling fdr¥8s than the
progranmm ng voltage (€.g., approximtely |I' OV) during the program 20
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vol tage above —dar Tl j .. i E : e | grammed in a
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br okems dowrogrammingeobage (Blgg approxifdate]ly 16V). After each programming pulse, a

verification operation with a word line voltage of 0V is performed to determine if the cell’s

threshold voltage V. has increased to the properly programmed level (e.g., 0.5V).

The unselected word lines for the remaining cells are typically biased at a voltage
that is less than the programming voltage (e.g., approximately 10V) during the program
20  operation. In one embodiment, the unselected word line voltages can be any voltage above

ground potential. Each of the memory cells is programmed in a substantially similar fashion.

A memory array of the present invention is broken down into memory blocks, The
quantity of memory blocks is typically determined by the size of the memory device (i.e., 512
MB, 1GB). Each memory block is comprised of 64 pages.

25 The array illustrated in Figure 1 is for a NAND architecture array. The
embodiments of the present invention, however, are not limited to any one type of array
architecture. For example, the present invention may also operate properly in NOR or AND

architecture arrays.

Figure 2 illustrates a flowchart of one embodiment for a selective slow
30 programming convergence method of the present invention. A command is received to write

data 201 to oune or more memory cells. The data may be a single bit or multiple bits.
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s not ye oqr Wit e 10 desired data 207, the threshold voltage
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15 Unlike the prior art, the method of the present invention selectively slows the
programming of each cell that has passed the pre-verify threshold for the particular state
being programmed into the cell. Other cells being programmed are unaffected by the bit line
biasing and are allowed to be programmed at their normal programming speed. This has the

effect of narrowing the V. distribution without reducing the programming throughput.

20 The pre-verify voltage level, as illustrated in Figure 3 and discussed subsequently, is
less than the verify voltage level. For example, a first programmed state (i.e., “10”) might
have a pre-verify voltage of 0.3V and a verify voltage level of 0.5V, Alternate embodiments
can use other voltages and different voltage differences between the pre-verify and verify

voltages.

25 The biasing of the bit line reduces the voltage drop across the memory cell
transistor, thus reducing the effective programming voltage applied to the cell. The lower the
programming voltage, the slower the movement of the V¢ for that cell. In one embodiment,
the bit line bias voltage (V) is in a range of 0.5 to 0.9. However, the present invention is not

limited to any one voltage or range of voltages.

30 After the bit line voltage VBL has been increased 211, the programming process

repeats by generating another programming pulse 203 that is incrementally larger than the
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reaches the pre-verify threshold is its particular bit line voltage increased to slow the

-

programming speed.

In a memory device using multi-level cells, the bits may be located in the same page

address or in multiple page addresses. When the bits are in the same page address, both bits
20  can be changed at the same time. In other words, a same page address programming process

can go directly from the erased state of “11” to a programmed state of “00”, If one or more of

the multiple bits are in different page addresses, only one bit at a time is changed. For

example, to go from the erased state of “11” to the programmed state of “00”, it is typically

necessary to go through either state “10” or state “01”, depending upon where these states are
25  mapped. The selective slow programming convergence method of the present invention

works in either of these embodiments.

Figure 3 illustrates a diagram of one embodiment of V, distributions 301 — 304 of
the present invention. The diagram shows that the erased state “11> 301 is at a negative V..
States “10” 302, “00™ 303, and “01” 304 have respectively increasing V distributions.
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| evel s in accordance with th e ctlve
programming convergence me&og 1“ 1? igure 2. T elower plot shows the programming

pulses with the voltage level of each pulse increasing by Ve, along the bottom axis. The
illustrated embodiment uses a V., of 200 mV. However, the present invention is not limited

to any one step voltage.

20 The circles represent two bits that program at different rates. The solid circle
programs at a faster rate than the hollow circle. The upward movement of the circles
represents an increasing V. Prior to the PVFY threshold, the slower bit is increasing at a
AV, 0f 200 mV. The solid circle (i.e., faster bit) reaches the pre-verify voltage first. In the
illustrated embodiment, this is shown as PVFY1 as discussed in Figure 3. However, this

25  could also be any of the other pre-verify levels such as PVFY2 - 3.

When the faster bit reaches the pre-verify voltage threshold, the upper graph shows
that a voltage of approximately 0.6V is applied to the bit line. The bit line of the slower bit is
still at OV,

The middle graph shows that the “faster” bit is now increasing at a slower rate that
30  canberepresented by AV;=200*K where 0 <K < 1 when the step voltage is equal to 200
mV. Altemate step voltages would have a different AV,



progranm ng convergence nmethod of Figure 2. The | ower plot shows the
programming pulses with the voltage | evel of each pul se increasing by Vstep
along the bottomaxis. The illustrated enbodi ment uses a Vt. of 200 nV.
However, the present invention is not l[imted to any one sSte volta7ge. 20
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circle prograns at a faster rate than 8he hollow circle. The upward
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that is cou rocessor 0. The processor 510 nmay be a

m cr opr ocessor, " | ik Liry.
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of the menory that are_hel pfyl in 10 understanding the present invention.
The menor é%g?‘ﬁéloﬁwa&ﬂcﬁw of menory cells 530. In one enbodi nent,

Lhe e ol S, DB oLa L § Rl RS ST haR b el the rerory
15 - address input connections A0-Ax 542. Address signals are received and decoded by a row
decoder 544 and a column decoder 546 to access the memory array 530, It will be
appreciated by those skilled in the art, with the benefit of the present description, that the
number of address input conmections depends on the density and architecture of the memory
array 530. That is, the number of addresses increases with both increased memory cell counts
20  and increased bank and block counts. |

The memory device 500 reads data in the memory array 530 by sensing voltage or
current changes in the memory array columns using sense/latch circuitry 550. The sense/latch
circuitry, in one embodiment, is coupled fo read and latch a row of data from the memory
array 530. Data input and output buffer circuitry 560 is included for bi-directional data

25  communication over a plurality of data connections 562 with the controller 510). Write

circuitry 555 is provided to write data to the memory array.

Control circuitry 570 decodes signals provided on control connections 572 from the
processor 510. These signals are used to control the operations on the memory array 530,
including data read, data write, and erase operations. In one embodiment, the control circuitry

30 570 executes the embodiments of the selective slow programming convergence method of the



arranged in banks of rows and col umms. An address buffer circuit 540 is
provided to | atch address signals provided on 15 address i nput connections
AO- Ax 542. Address signals are received and decoded by a row decoder 544
and a colu 546 to access the nmenory array 530. j
~appreciategaﬁﬁﬁgﬂgggsskiIIed in the art, with the benefifégp§%hgng§ésent
description, that the nunber of addre®s input connections depends on the
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fromthe processor 510. These si gf@l; ed to control the operations on
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The flash _nenor evice illustrated in Figure 5 has been sinplified to
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15 any other type memory device that can be constructed with such a memory array.

Although specific embodiments have been illustrated and described herein, it will
be appreciated by those of ordinary skill in the art that any arrangement that is calculated to
achieve the same purpose may be substituted for the specific embodiments shown. Many
adaptations of the invention will be apparent to those of ordinary skill in the art. Accordingly,

20  this application is intended to cover any adaptations or variations of the invention. It is
manifestly intended that this invention be limited only by the following claims and

equivalents thereof,



by a programverify operation. The enbodi nents of the present invention are
not limted to any one type of nenory technol ogy. For exanple, the circuits
and nmet hods of the present invention may be inplenmented in a NOR-type flash
menory devi ce, a NAND-type flash nenory device, or 15 any other type nenory
device that can be constructed wth such a nenory array. Although specific
enbodi nents have been illustrated and dgescri bed herein, it will be

appreci ated by those of ordinary skill in the art that any arrangenent that
is calculated to achieve the sanme purpose may be substituted for the
speci fi c éviipodi alemed ishown. Many adaptations of the invention will be
apparent to those of ordinary skill in the art. Accordingly, 20 this
application is intended to cover any adaptations or variations of the
invention.g It mnecn@@fcfr@@te&tmlmwgﬂgratnlﬂﬁmgtcbh@r%dw@ma MBmbB, ddvidet ed only by
the follow ng clainms and equival ents thereof is clained is: I. A
nmet hod for sel e@MPRBNGALSITEY quaﬁjtﬁcamlh@awl\r@wgw@dm orgeingt dnddevi ce
conpri sing an i oupled by word |ines and
col umms couplegg%ﬁmﬁg$”ﬂ§ﬂ§[ tﬁfs %eF%MQHQO& &ggé increasing a threshold
vol t age for eadhirabing aphrastald voitagé forentr of aqﬂlhdaBty cﬁm@bm@yzlcelm; mvel y bi asi ng
bit lines coupled to the plurality of nmepory S such t only a first
bit line is bi adedivgiyiiasiatyl %@@éogjﬁ%@éﬁlﬁ@ﬁt@f TR Vs SL‘FhFl&‘ hol d

vol tage of a menor yoﬁ’lgl |ﬁr%thﬁlt]1rie§ Bﬁ%l\,@i%&@oljéa?,@ Fe‘afeﬂha?'otv Whiifihe T €aChes a
first verify threshol t age o two verif ges hol d vol tages, the first
verify threshold voﬂta@eMbQMngiMbssmnWameMHEI§GDOMddVE%Eﬁ¢Hbﬂhmeshold

voltage. 2. The netho | ncr. asi n the .t hreshol d vol t age
conpri ses generatiﬁﬁqbsﬁﬁﬁﬁ‘FFbvh§?ﬁﬂ§88p ﬁ Oﬁﬂ' @eﬂwk£‘§ggﬁ%ternlned
word line coupled #R firiie B/ MF%hSI VbItRRIRG g REQEATHEShco vdig met hod of
claiml and further including biasing remaining bit |ines at ground

potential such that thieshpldyoliagd.s having a threshol d vol tage bel ow the first
verify threshold voltage are programmed at a faster rate than the nmenory
cell coupled to

2, The method of claim 1 wherein increasing the threshold voltage comprises

generating a plurality of programming pulses on a predetermined word line

coupled to the memory cell being programmed.

3. The method of claim 1 and further including biasing remaining bit lines at ground
potential such that memory cells having a threshold voltage below the first verify
threshold voltage are programmed at a faster rate than the memory cell coupled to

the first bit line.

4, The method of claim 1 and further including performing a verify operation to

determine the threshold voltage for each memory cell being programmed.

5. The method of claim 1 wherein the memory device comprises a flash memory
device.
6. The method of claim 5 wherein the flash memory device is one of a NAND-type

flash memory or a NOR-type flash memory.



the first bit line. 4. The nethod of claiml| and further including
performng a verify operation to determne the threshold voltage for each
menory cell being progranmed. 5. The nethod of claim 1l wherein the nenory
device conprises a flash nenory device. 6. The nethod of claimb5 wherein
the flash nenory device is one of a NAND-type flash nenory or a NOR-type
flash menory. 11 7. The nmethod of claimI| wherein the second verify
threshold voltage is a threshold voltage at which the nenory cell is
considered to be progranmmed. 8. The nethod of claiml|l wherein the threshold
vol tage i 8 parTheohethod bf daihol d/hmlrttageecodd warifly ueshohd voldie itai thigslmid of a

plurality of PO si bl e evel st tes 0 m"rablelntothe menory cell.
9. A method fof° @8t &, ‘Y%f}? n%ﬁ"bWﬁ? 5r°8 Eflgtc? ﬁ\Pé?%%’HH‘gd| n a flash nmenory
device conprising a matrix of menory cells having rows coupled by word |ines

and colunns couple W¥ bit lines, the nethod conpr|5|n9 performng a
programmi fg opBrenetad stclaiat hwaerein the threshpldyrofrgenis Rait 9T 2 Hisesheld voltrgor ni ng a

verify operati determne its
respective thr%gﬁgpﬁﬁpﬁpwgﬁé% ﬁ@h§hﬁhh%Xf §y ag¥#§%bh§e ines coupled to
the plurality mbgremuble el the meuohy tdllat a bit I|ne is only biased wth a

first bit line bias voltage when the threshold voltage of a first nenory
cell coupled to the bit line reaches a first verify threshold voltage of

two verify thrgshghsh ﬂépéetl@&ﬁa stdwpro faﬁﬁm}‘{gfzérfv)ér eh&rﬁ%wsﬁmémorrﬁge bei ng
¥ o

| ess then the second verify res ol d vol tage, first bit ITne bias
vol t age bei ng dpvéstcemptibian awnamfnne@grytqqtlmhw@]wswoum@ql bagerd ligs The

generat ing a poRaley hrBF By LM UG RS RITEE TRt T nerease.
incremental |y pdﬂﬁbnﬁu@taqﬂog'x@inhﬂggoperanon on each of a plurality of memory
cells;
performing a verify operation on each of the plurality of memory cells to
determine its respective threshold voltage; and
selectively biasing bit lines coupled to the plurality of memory cells such that a bit
line is only biased with a first bit line bias voltage when the threshold
voltage of a first memory cell coupled to the bit line reaches a first verify
threshold voltage of two verify threshold voltages, the first verify
threshold voltage being less then the second verify threshold voltage, the
first bit line bias voltage being greater than 0V and less than a supply

voltage.

10.  The method of claim 9 wherein performing the programming operation comprises
generating a plurality of programming voltage pulses that increase incrementally

by a step voltage.

11, The method of claim 9 and further including selectively biasing only the bit line,
coupled to the first memory cell, with an inhibit voltage in response to the first
memory cell having a threshold voltage at least equal to the second verify

threshold voltage.



It. The nmethod of claim9 and further including selectively biasing only the
bit line, coupled to the first nmenory cell, with an inhibit voltage in
response to the first nenory cell having a threshold voltage at |east equal
to the second verify threshold voltage. 12 12. The nethod of claim 11
wherein the inhibit voltage is the supply voltage. 13. A nenory device
conprising: an array of nmenory cells apranged in rows and col ums such that
the rows are coupled by word |ines and the columms are coupled by bit

| ines, each nenory cell having an associ ated threshold voltage; and control
ci rcui try12 hatTieandthad &f giwiogilaniereig tiof inkibe vahagyis ok soppipvghtael | s, the
control circuitry adapted to control generation of a plurality of
programm ng pul ses to increase the associated threshold voltages of a set

of menory;gell g plethdPP dRiQAAMPIRG,: t he control circuitry further adapted to
selectively control Dit line biasing such that only a bit line that is

coupl ed to a amsmmypl oehorheslis nyasgedhn estsoind colbimragecht thatithe sovequal to or

greater than a first verif areshol,d vpl t age but, |.ess.than a second verify
threshold voltage c@%@&%éﬁ%&in’gﬁ apﬁheébgg‘@qs reb‘fogg}eﬁg’y?’r’tolme&regﬁhnd potenti al .
14. The device of chahdry L3l Waehehmadsb@atad thadsheld voragy: yncel |'s is conprised of
floating gate field effect transistors. 15. The device of c¢laim 13 wherein

a threshol d voioREQECICHIRY tha cepiiels Prograsmige ehtherarian ghmefesy &dlsohel verify
t hreshol d vol t i s i NdiGad ol le 16, The devi
reshol d voltage 'c%nﬁ&dén%a&ﬂﬁ‘c’)a]ﬂa&éd%d%f?&lr%%géﬁﬁ?t erﬁlgﬁgglt %fd t e device

of claim 13 wherein the cont crrculrtry o control
generation of addi tprogrammingoerisene mgrepsd thesssociaed dasshol! Witagespfedet er m ned

step voltage from revio rogrammin ulse, in response to threshold
Vol Lages (hat  ar e 0 BLEN AT hee BEEGHRmGb eyl QPO dgasd T The
devi ce of claim 13 JwRefigiVcdni@! FRITRE MiadRY Lik8 that oflyMANDIAd @shs BRIpNY devi ce.
18. The device of claim 13 wherein the control cifcuitry is further adapted
to bias, at OV, altpapiamdry nelshasrmpeihsasbadwbltdgerthatos gqueetol o greatar tignt hr eshol d
vol tages that have a first verify threshold voltage but less than a second verify threshold

voltage experiences an increase in biasing from ground potential.

14, The device of claim 13 wherein the array of memory cells is comprised of floating

gate field effect transistors.

15.  The device of claim 13 wherein a threshold voltage that is equal to or greater than

the second verify threshold voltage is indicative of a programmed memory cell.

16.  The device of claim 13 wherein the control circuitry is further adapted to control
generation of additional programming pulses, increasing by a predetermined step
voltage from a previous programming pulse, in response to threshold voltages that

are less than the second verify threshold voltage.

17. The device of claim 13 wherein the memory device is a NAND flash memory

device.

18. The device of claim 13 wherein the control circuitry is further adapted to bias, at

0V, all bit lines associated with memory cells having threshold voltages that have



13 not yet reached the first verify threshold voltage. 19. A nenory system
conprising: a processor that generates nenory program signals; and a nenory
devi ce coupled to the processor that operates in response to the nenory
program signals, the nmenory device conprising: an array of nenory cells
arranged in rows and col umms such that the rows are coupled by word |ines
and the columms are coupled by bit |ihes, each nenory cell having an

associ ated threshold voltage; and control circuitry that controls
programm ng of the array of nmenory cells, the control circuitry adapted to
control gener awi vt resiched thp [fingt aptifyythisshald vejiagemi ng pul ses to increase the
associ ated threshold voltages of a set of nenory cells to be progranmed,
the control circuitry further adapted to selectively control biasing of
the bit |imes suemothlsteantommishigt | ine coupled to a nenory cell having a
threshold voltage that is equal to or greater than a first verify threshold
vol t age but Ié§§0%ﬁﬁﬁt@“§gﬁﬁﬂﬁsW%WP%V”?%?@éH@P@;mG5Itage experiences an

i ncrease in biatméli‘lg\'gﬁ%gi%?ﬁgglécﬁggfﬁ?ﬁr@é@s@(-the@gper@temﬂg%ﬁ@{o el ectively slow

progranmmi ng conver menory device conprising a matrix of
menory cel | s havi ngnenows poguph eignily, thomdmbiydeyiceaatpgsingmms coupl ed by bit
lines, the nmethod conprising: perform ng,a progr I ng _oper.ation on each of
a set of multil eveIa”ggffﬁﬁPbmg@PFysc,euéﬁlg?flg%%%&Vs%gﬁmgfﬂf’ ﬁ'é‘%ste%t havi ng a
threshol d vol tage di StrtF\éDxléWsQFbcoﬁJEEd@S/Q@ﬁ@nﬁF&s%d@pﬁdoMmmre@dimddﬁyng a
plurality of programm ng pul ses that Increase increnentally froma previous
pul se and are applied td wasicacionempiyfell bavipe e asspeiatsd thresholdeyaltageicel | s,
the threshold voltage %(?tri bution increasing in response to each
progranmm ng pul se; 14

control circuitry that controls programming of the array of memory

cells, the control circuitry adapted to control generation of a
plurality of programming pulses to increase the associated
threshold voltages of a set of memory cells to be programmed, the
control circuitry further adapted to selectively control biasing of
the bit lines such that only a bit line coupled to a memory cell
having a threshold voltage that is equal to or greater than a first
verify threshold voltage but less than a second verify threshold

voltage experiences an increase in bit line bias voltage from 0V.

20. A method for selectively slow programming convergence in a flash memory
device comprising a matrix of memory cells having rows coupled by word lines
and columns coupled by bit lines, the method comprising:
performing a programming operation on each of a set of multilevel

memory cells, each memory cell of the set having a threshold voltage
distribution, the programming operation comprising a plurality of
programming pulses that increase incrementally from a previous pulse and
are applied to each word line coupled the set of memory cells, the
threshold voltage distribution increasing in response to each programming

pulse;



performng a verify operation, after each programm ng pul se, on each nenory
cell to determne its respective threshold voltage distribution;
selectively biasing, with a first bias voltage, only each bit line that is
coupled to a nenory cell having maxinumvoltage in its threshold voltage
distribution that is equal to or greater than a pre-verify threshold

vol tage and less than a verify threshojad voltage, the first bias voltage
being greater than OV and | ess than a supply voltage; and selectively
biasing, with an inhibit voltage, only each bit line that is coupled to a
menory cel | haperfigitifga nekly tpemtial, m&geabmpmogamdnimgmbkobn eaolhtage that is at
| east equal to the verlf shodvota f.claim20

e.
wherein the first b{f4%° o‘feﬁlaf@ TEHRIGE 18 LsP "V‘B%Y%%‘BE "r’?“age 'étﬁ‘ B'Y¥ 0.5 to
0.9V. 22. The g@&dﬂﬂgiy%asmgawrfh%Qirmseiﬂoﬁaéeh@nl&@ml"pﬂnﬁ liYohh@ge 1.s

substantially equal to . The net hod cl aim 20 wherein the threshold
vol tage distributi o?plipﬂﬂﬂl|t@atr@@3nqs1ﬂéell bfving rpwumm tajtage insitsetheeshgdd ogr amred i nto

the merory cell. 24,,The sTRIRE Ha: &' linad: WOREAH § BR-RIt) B0l states

conprise two bits o
voltage and less than a verify threshold voltage, the first bias voltage being

greater than 0V and less than a supply voltage; and
selectively biasing, with an inhibit voltage, only each bit line that is
coupled to a memory cell having the maximum voltage in the threshold

voltage that is at least equal to the verify threshold voltage.

21.  The method of claim 20 wherein the first bias voltage comprises a voltage in a
range of 0.5 to 0.9V.

22, The method of claim 20 wherein the inhibit voltage is substantially equal to
Ve

23.  The method of claim 20 wherein the threshold voltage distribution indicates one

of a plurality of states programmed into the memory cell.

24, The method of claim 23 wherein the plurality of states comprise two bits of data.



