1. BOOSTED SUBSTRATE/ TUB PROGRAMM NG FOR FLASH MEMORI ES TECHNI CAL FI ELD OF
THE | NVENTI ON The present invention relates generally to nenory devi ces and
in particular the 5 present invention relates to Flash nmenory devi ces.
BACKGROUND .OF THE | NVENTI ON Menory devices are typically provided as
internal storage areas in the conputer. The termnenory identifies data
storage that cones in the form of integrated circuit chips. 10 There are
several different types of nmenory used in nodem el ectronics, one conmon type
is RAM (random access nmenory). RAMis characteristically found in use as
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RAM ROM cannot be witten to. Menory devices that do not | ose the data
content of their nmenory cells when power is 20 renoved are generally
referred to as non-volatile nmenories. An EEPROM (el ectrically erasable
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15 electricity to maintain its contents As soon as the power is turned off, whatever data was in

RAM is lost.

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 wriiten to.
Memory devices that do not lose the data content of their meimory 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
L 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 channel



iThus, The TTOAt T Ng gate s "rroating 1n dielectric so that it is insulated
fromboth the channel 2 -‘and the control gate. Charge iS transported to or
renoved fromthe floating gates by specialized programmi ng and erase
operations, respectively. Qher types of non-volatile nenory include, but
are not limted to, Polynmer Menory, Ferroel ectric Random Access Menory
(FeRAM, Ovionics Unified Menory (QUM, and Magnet or esi stive Random 5
Access Menory (MRAM . Yet another type of non-volatile nmenory is a Flash
menory. A typi $ | | | udes a
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are arr angeﬁlet]@(gﬁta?r%gr a}crﬁitgétﬁrlep e floating gate memory cells of the memory array are arranged

in a matrix. The gates of each floating gate memory cell of the array mairix are connected by
rows to word select lines (word lines) and their drains are connected to column bit lines. The
source of each floating gate memory cell is typically connected to a copimon souice line.
20  The NOR architecture floating gate memory array is accessed by a row decoder activating a
row of floating gate memory cells by selecting the word line connected 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 if in a programmed state or not programmed state from the

connected source line to the connected column bit lines.

25 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 a source 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

30  together in series, source to drain, between a common source line and a colomn bit line. The
NAND architecture floating gate memory array is then accessed by a row decoder activating

a row of floating gate memory cells by selecting the word select line connected to their gates.



, 32, or nore each, where the nenory cells in the string
are connected 30 together i'n series, source to drain, .between a common
source line and a colum bit Iine. The NAND architecture floating gate
menory array is then accessed by a row decoder activating a row of floating
gate nenory cells by selecting the word select |ine connected to their
gates. 3 In addition, the word |ines conhected to the gates of the
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opposite end of the chain of floating gate transistors. A problemwth
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typically involves applying a high voltage to elenments of the nmenory array;
usual 1§ t haee thiet‘boosedbitling® awbthe ¢bodstadesandd bine.t Haithesasshoigated highembingesis

dependi ng on_.whet her "boosted, bitline" or "boosfed sourc i ne" .programm n
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eatured 20
circuit elsenertmeanicoted iwthe oppogiteexd defisheg nkain aff floatisegdesagpixtorssues and/ or
force the manufacturer to utilize a larger integrated circuit chip die,
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chip die yield for a given process and process substrate wafer size,
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of larger feature circuit elements or differing circuit designs in these portions of the memory
array to be able to withstand the higher programming voltages. The use of larger featured
20  circuit elements and/or more complex designs can cause design issues and/or force the
manufacturer to utilize a larger integrated circuit chip die, increasing manufacturing costs and
reducing the final integrated circuit chip die yield for a given process and process substrate
watfer size, further increasing costs. Additionally, small variations in the circuit elements of
the bitlines, source lines, and/or their associated circuit elements can lead to variations in the
25  programming voltages applied to the individual floating gate memory cells. This can lead to
problems with over/under programming and/or write fatigue of the selected memory cells and

an increased likelihood of disturb problems in the unselected memory cells of the array.

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
30 specification, there is a need in the art for alternative circuits and methods of programming

NAND architecture Flash memory arrays.
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probl-e Ve T tHer=programiig and/ or wite fatigue of the selected
menory cells and an increased |ikelihood of disturb problens in the

unsel ected nenory cells of the array. For the reasons stated above, and for
ot her reasons stated bel ow which will becone apparent to those skilled in
the art upon readi ng and understanding the present 30 specification, there
is aneed inthe art for alternative circtits and nmethods of pr ogramm ng
NAND architecture Flash nenory arrays. 4 SUMMARY The above-nenti oned

probl enms with progranmm ng NAND architecture Flash nenories and ot her

probl ens are addressed by the present invention and wll be understood 5 by
readi ng and studying the foll owi ng sgHEMNMARY on. The vari ous enbodi nents

relate to prograngi ng floati.n ate nenory cells in architecture Flash
menori es and/ or Mvﬁﬂe&%‘?ﬂﬁl&)@gh@%ﬁ”% PéogrB‘BB’é‘E?_eHW?m ‘FC(S\_&F_ Png,
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boosted tub programm ng nethod to apply voltage to the strate or
subst rfat e by redding(amd sti®lyimthe follonviagepedificathm. i ntegrated circuit, typically a
positively doped region encased in a deep negatively doped well in the

positively doped Bixsdrioat embodimensd felfO b PidgtanginatMialiSOkitk n¥fimdty cBNR Fl ash
nmenory array to pr_echar%e a channel of carriers within the floatin gate

nmenory ceNANBrrditeetgreabisshymagodes pyh oy pletmoge axrays icutgiing dfboopied §&1’ect ed
floating gate r cell nd_a, program.or programinhi.bit volt.age.on a
connect oo PRIEFFIRER bryEh, BirtRly FeBisp s it PR ProsBal i e S BOEART
progr ami BgoARPHB pedpravidlifsmbMed 6 %RFyQJT%lEagE BitthelsiBsthitd bd BstrANEBr (FOUr Ce
line circuit design of the NAND Fl ash array be able to withstand or carry

hi gh 10/0l tsedpsion @raaiin ghepintageaierhdingnio typicalloapesigven depadeagion eoedsed inandeedl | ows
se-of the. bl i gh vol ' it ted.to,th t

tub: Crii s 2SR Pones WA BB Rt B Bid BT o PG R PR OLT R p s

circui t depliDFIARGhEHoS Htal 86 plelchitdela dRARYISE cARied WiBRRe fiddthgiagst ed tub

progranmm ng approach al $§o all ows generation of a precharge charnnel that is
easi |y adjmesapkdlsgribrdéd applypnge high fvoltagaimtthe gate ©f theRelected dloatihp datnertmonyhe

I nvention B ovi.des a net hod of .nglgt;.at ing a non-vol a‘gbj‘:ﬂe mecﬁ.r%i devi ce
conpri si nG A3 HGER TR REREEIME Yeflass P Cngeried Plipe 45 dsired IQapipetam
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and/or source line circuit design of the NAND Flash array be able to withstand or carry high
voltages during programming of a floating gate memory cells and allows reuse of the block
erase high voltage circuits connected to the substrate tub. This allows the NAND Flash
memory array to be designed with smaller circuit designs and/or smaller circuit feature
20  elements. The boosted tub programming approach also allows generation of a precharge

channel that is easily adjustable and of a more uniform nature.

( ( For one embodiment, the invention provides a method of operating a non-volatile
| memory device comprising coupling a precharge voltage on a substrate tub of a NAND
architecture memory airay of a plurality of floating gate memory cells, wherein the plurality
25  of floating gate memory cells are coupled in a plurality of strings, coupling a gate \‘
programming voltage to the gate of a selected floating gate memory cell of each string of a
selected number of strings, and selectively coupling a program voltage or a program-ighibit

voltage to a channel of each string of the selected number of strings.

In another embodiment, the invention provides a method of operating a non-
30  volatile memory device comprising generating a channel of carriers in a selected plurality of
floating gate memory cells of a mernory array, where the memory cells are coupled in a

plurality of strings by placing a precharge voltage on a substrate tub that is coupled to the



25 of floating gate neﬁDry cells are coupled in a plurality of strings,
coupling a gate progranmmng voltage to the gate of a selected floating gate
menory cell of each string of a selected nunber of strings, and selectively
coupling a programvoltage or a programinhibit voltage to a channel of
each string of the selected nunber of strings. In another enbodi nent, the

i nvention provides a nethod of operating a non 30 vol atile nmenory device
conprising generating a channel of carri@rs in a selected plurality of
floating gate nmenory cells of a nenory array, where the nmenory cells are
coupl ed i i £ | aci v,

subst 1 at GiFREIFHE?ehd ProBranihn A94FEkg B BE.R ESEHAAG IR AR,

sel ect ed ¢f sodnigsny rgfioeingRhOpycieetd vodbhgafaeh éetbstratehay, plaefngsigatangs by
removi ng the precharge voltage fromthe substrate tub, placing a gate

pr ogr ami wggxﬁamagémgﬁgft Prethe BoRtIaH Batg AF theselegied Hating gate megwry ¢l ¢fdhe nenory
cell of t r L] . tiyel i K .0gr am
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each strivngtagé ohheigiak ecidel ©0WwHheinedbf &idcH Qg of thekelecRAuA®Er Sdaaskisent ,
the invention provides a nmenory device conprising a substrate tub, a

floating gate MENRL: kler bANGERLES 1ikOcAon 5851100 alg e@BELomb ARk} HO
gate nenory cell forned in the substrate tub, a word |1 né coupled to a gate
of the fl odsiraty tnkdloategrpaty meslory call ipisterien avithoai péastioticoaddittoml floatingtdate
floating gate ne cell, and a squrce ljne 10 upled to oyrce of the
fl oating BERECHEGmELH e Sihsirde fob vk Foelridn « sateof e Hopting aafs,
prechar gemaneRANIEh bitind Bsipldda8hidiin 8RR MBARYedfSiienity Beif aRd SSHREOR

vol t age on the stbstraf %ﬁltpub gnéip%[rloggrlfe\lemthet‘f%aoa{nl [nﬁgr%ate’ menor y cell with
a fl dfti nepughiddo prsogreamiiiiedloating patg ecamitylvellgahereanthe angnagrdanicey if ddaptedor  a
pr.ogrami nhi bi.t vol t%%e that js .selectively oupled to the drain. 15 In a

further elPBeRPARSSa chapmeliip Bhe Bite MiedRyLe a PEyTIpRgEvoiteeer e i ng

gate nmeno Pl hsi i t i nory
cel | rrerm%‘%S&%% &?‘f\%ﬂ%%rgﬁe o%ﬂgétg?ﬁf%ttér\l?tg 5‘ %%Qfé%ﬁxﬂ%ﬂﬁaﬁgﬁ%ﬁ @??Qgﬂ?ﬁf‘ ggati ng
gat e menovyltage bh shegatp hwtla pograncecltage dr ai progmnainhéit ebliapethags seldearveiyn t he

substrate tui) i S ada% ed to apply a precharge voltage to precharge carriers
in a chanf®PlegdriothedRingating gate nenory cells of the string, and 20 wherein
the NAND architecture floating gate nmenory cell menory string is adapted to
progidm a sel ect dd affinabgriempogianeat, teqinvgnden prfb‘idqsmé\?é&ﬂ axghitsctpt dloahre a gat e

rogranmmn . . . .
prog gaQe memory cell string comprising a NAND architecture floating gate memory cell memory

string formed on a substrate tub having a plurality of floating gate memory cells coupled
source to drain in a serial string, wherein the substrate tub is adapted to apply a precharge
voltage to precharge carriers in a chapnel of the floating gate memory cells of the string, and
20 wherein the NAND architecture floating gate memory cell memory string is adapted to
( - program a selected floating gate memory cell of the string by placing a gate programming
(= voltage on the gate of the selected floating gate memory cell and a program voltage or a

program-inhibit voltage coupled to the channel! of floating gate memory cell memory string,

Further embodiments of the invention include methods and apparatus of varying

25 scope.
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t voltage on the gate of {he selected floating gate nenory cell and a program
vol tage or a prograntinhibit voltage coupled to the channel of floating
gate nenory cell nmenory string. Further enbodi ments of the invention include
met hods and apparatus of varying 25 scope. 6 BRI EF DESCRI PTI ON OF THE
DRAWNGS Figure 1 is a sinplified block diagramof a system containing a
Fl ash nenory device. 5 Figures 2A, 2B, fnd 2C are si nplified block diagrans
of series string(s) of floating gate nenory cells of a NAND architecture
Fl ash nmenory array in accordance with an enbodi ment of the present
invention. Figure 3 is a waveformdiagramdetailing a boosted bitline
programm ng operation e\l e prior art.
Figure 4 is a waveform ﬁ%@%@@ﬁf@%@?ﬁ%ﬁ% | i ne progranm ng
operation of a NAX:ENISH iR bISK Gifgrain dMesRidn® omhthing™ EbdHEmembs, a
wavef orm di agram detailing a boosted bitline progranmm ng operation of a
NAND Fl asleviesrory device in accordance with an enbodi ment of the present
i nvention. 15 DETAI LED DESCRIPTION In the follow ng detail ed description of
the igvention, rdligreszg, 1B add€ dre sithglifialisionp dizgirangs cliseribsgsng(bpdf f orm a
part hereof, and in which is shown, by way of illustration, specific,
embodi menfleating gaks BemprLells o Wr?&?hlﬁégﬁé@ Elash spemony gD gecatdangz with) i ke
nuner al s i i . m.| ar conponents throughout the several
Vi ews. Th%ggﬁggﬁﬁlggﬁhfg&gﬁk géﬂé&f'bed in sufficient detail to enable those
skilled in the art to,practice the inventjon. Qher, enbodinents may be
Gt 1§ sed and st JEUP AT & Py oHn SagmaMARBLNE & APORRANELE DREy S e

Wi t hout depabld sk £ AN PRI ARRRrPheiReoPMe SR altnvVent i on. The terns waf er
or substrate used in the follow™ng description include any base '

sem conductor str I 0 . r i. NC i .
sifi gon- on- sap_phili;ijg‘hr%J éﬁﬁ? %g%%oﬁgldgégé‘?}nsqe?g%%ggg’ﬁgétggg?%?eofrl ¢ ér@%aﬂ-ﬁnmg
t echnol ggyspertatlimmffaNANUmash slepiorf dEipe bEgleRic@ayt. doped and undoped
sem conduct ors,

Figure 5 is a waveform diagram detailing a boosted bitline programming
operation of a NAND Flash memory device in accordance with an embodiment of the present

invention.

15
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
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 m.ade without departing from the scope of the present invention. The terms wafer or
- substrate used in the following description include any base semiconductor structure. Both
25  are to be understood as including silicon-on-sapphire (SOS) technology, silicon-on-insulator
(SOI) technology, thin film transistor (TFT) technology, doped and undoped semiconductors,
epitaxial layers of a silicon supported by a base semiconductor structure, as well as other
semiconductor structures well known to one skilled in the art. Furthermore, when reference is
made to a wafer or substrate in the following description, previous process steps may have
30  Dbeen utilized to form regions/junctions in the base semiconductor structure, and terms wafer

or substrate include the underlying layers containing such regions/junctions. The following



. epttaxiat gy eSO T P EoTsuppori ed by a base seni conductor structure,
as well as other sem conduetor structures well known to one skilled in the
art. Furthernore, when reference is mnade to a wafer or substrate in the
foll ow ng description, previous process steps may have 30 been utilized to
formregions/junctions in the base sem conductor structure, and terns wafer
or substrate include the underlying |ayerd containing such
regions/junctions. The following 7 detailed description is, therefore, not
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cells in ND architecture a menory arrays utilizing boosted tub
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menory devices tha programm ng met
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precharge a channel of carriers within the floating gate nenory cells prior
to appPyi ngrosranming g Fmbodiogntawiilegpressnt yentien alhe nghde Fissh mpancss devieesdhat
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bitline and/or source line circdit design of the NAND Flash array be able
to w t hst amdmory edls pyiohicppplvingadgegh gate propranogngaroliagg tothe gatefdfoba sehgtedat e
menory cel s and all ows reuse qf the bl ock erase high.val.tage circuits
Connest od S PREeEBETPR Sk qisd opHPLE PGS AL DIORR HIEH AEi6 1y Pieran o
be desphgne | S I ' it L Oin ' Ladeature
el erreg.tb S. %ﬁ%ﬁerd\émf tﬁg ﬁ%&% Igél?sli%%ﬁﬂkiagggﬁlf%gf%%q%%%gagiﬁtéefn&]?%égﬁﬁ%%%r ating
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102, which i s..t ypi cal | y. a processing device, or nory controller. The Fl ash
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to the Flash nmenory device a control state machine 110 directs the internal
oper at!fon; With sBglleiicHE desigas andierepglion cirgyit faaparg glemeséat i ng RAM cont r ol

regi sters and non-vol atile erase block managenent registers 114. The RAM
control registers Fgatetiabbws alsigiptified diagtanz efia bysterhd 28 incorporating a Flash

memory 100 embodiment of the present invention connected to a host 102, which 1s typically
a processing device or memory controller. The Flash memory 100 has a control interface 106
and an address/data interface 108 that are each connected to the processing device 102 to
20  allow memory read and write accesses. It is noted that in alternative embodiments, the
* address/data interface 108 can be divided into separate interfaces. Internal to the Flash
memory device a control state machine 110 directs the internal operation; managing the Flash
memory array 112 and updating RAM control registers and non-volatile erase block
management registers 114. The RAM control registers and tables 114 are utilized by the
25  control state machine 110 during operation of the Flash memory 100. The Flash 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 address/data interface 108 of the Flash memory 100 and divided into a row and column |
address portions. On a read access the row address is latched and decoded by row decode
30 circuit 120, which selects and activates a row page (not shown) of memory cells and the other
memory cells in their associated strings across a selected memory bank. The bit values

encoded in the output of the selected row of memory cells are connected from a local



' 25 control state machine 110 during operation of the Flash nenory 100. The
Flash menory array 112 cont.ains a sequence of nenory banks or segnents 116,
each bank 116 is organized logically into a series of erase bl ocks (not
shown). Menory access addresses are received on the address/data interface
108 of ‘the Flash nmenory 100 and divided into a row and col uitm address
portions. On a read access the row addreds is |atched and decoded by row
decode 30 circuit 120, which selects and activates a row page (not shown) of
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a (matri x such that the gates of each floating gate nenory cell of the array
15 are comesstdellsy rows to word select lines. The nenory cells of the array
are arranged together in strings, typically of 8, 16, 32 or nore each, where
the nmenory cel | s gogimed bbshe, b dPaiharrayhrdeéfccRie agangasdistaprag bfifloatingegareen a
source line and a colum bit Iine, The NAND architecture floating gate
memory ar PEJROUE cellsdp aapatas such thot the galgs g€ errdiiloating sale mamoRy ¢edlefdhe ad3¥at i ng
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cells of each string as pass transistors, so that they
together in series, source to drain, between a source line and a column bit line. The NAND
architecture floating gate memory array is then accessed by a row decoder activating a row of
floating gate memory cells by selecting the word select line connected to their gates. Tn
20  addition, the word lines connected to the gates the unselected memeory cells of each string are
driven to operate the unselected memory cells of each string as pass transistors, so that they

( ( pass current in a manner that is unrestricted by their stored data values. Current then flows

o

from the source line to the column bit 1ine through each series connected string, restricted
only by the memory cells selected to be read in each string. Thereby placing the current

25  encoded stored data values of the row of selected memory cells on the column bit lines.

Figure 2A shows a simplified diagram of a NAND Flash architecture floating gate
memory array 200. In Figure 2A, a NAND Flash array is comprised of a sequence of floating
gate cell series strings 204. Each floating gate cell series string 204 contains 16 NMOS
floating gate memory cells 202 that are connected drain to source in a series chain. Word

30 lines (WL1-WL16) 210 that span across multiple series strings 204 are connected fo the
control gates of every ﬂo,ating gate cell 202 to control their operation. In operation, word

lines 210 select the individual floating gate memory cell 202 in the series chain 204 to be



-1 Cpass current in a menner that is unrestricted by their stored data
values. Current then flows fromthe source line to the colunmbit Iine

t hrough each series connected string, restricted only by the nmenory cells
selected to be read in each string. Thereby placing the current 25 encoded
stored data values of the row of selected nmenory cells on the colum bit
lines. - Figure 2A shows a sinplified diagramof a NAND Fl ash architecture
floating gate nenory array 200. In Figure 2A, a NAND Fl ash array is
conprised of a sequence of floating gate cell series strings 204. Each
floating gate cell series strin 04 contaips 16 NMOS fl oat] ate. menory
celt's 202 e prreRd B D PR ar 5 T EnG Dop St eRomor fls A0 3G P30
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gate menory cells 202 are connected to a source li1ne 206 by a source sel ect

gate 216 aclectigateai? adtioonttolddd bpiatdraineeleBlgateBtadiro ife (BGE@)YEM.n sel ect gate
212. The source select gates 216 are controlled 5 by a source select gate
control line (SGI8yire2B8sHoRneshpMHfikd stitaiatic darimlofaay AND Fikkh déldtedursel ect
gates 212 are controlled by a drain select gate control line (SD)) 214.
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floagi'ng gate nmenory cells 202 that are connected drain to (-- source in a
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remai ning floating gate nenory cells 202°in the series string 15 204 in a

pass t hr otgbr medi&onnd operateethestmangn@ fldating gommentoeyl cells 2025w theceribs 180206
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gate 212 is controf rain select gate contro
gate 216 is controlled by a source select gate control line (SG(S)) 218 connected to the

control gate. The drain select gate 212 is controlled by a drain select gate control line
(SG(I2)) 214. The control gate, floating gate, source, and drain are capacitively connected to
20 the substrate tub 252. In addition, the source and drain are electrically and capacitively
coupled by the intrinsic PN junction diode formed between the source and drain junctions
{ & (and any induced carrier chaninel) and the substrate/substrate tub 252. Typically, a NAND
Flash memory array is formed in bank or erase block segments. In many cases the banks or
segments are formed on one or more electrically isolated substrate tubs. For example, NMOS
25  floating gate cell banks or segments can be separated by substrate tubs formed with P doped
tubs isolated by a deep N wells in a P substrate. The substrate tubs allow for electrical
isolation of the individual banks or erase blocks and enable individual bank or erase block
segment operations, such as bulk erasure of the bank or erase block via the substrate tub and

word lines.

30 Figure 2C shows a simplified diagram of a NAND Flash architecture array 270
showing a cross section of a series connected string 204 of physical floating gate transistor

memory cells 202 and its relationship to the substrate 272, well 288, and the substrate tub



SOz ONtT FRPE~r1I6aiTng gate, source, and drain are.
capacitively connected to 20 the substrate tub 252. In addition, the source
and drain are electrically and capacitively coupled by the intrinsic PN
junction diode fornmed between the source and drain junctions (and any

I nduced carrier channel) and the substrate/substrate tub 252. Typically, a
NAND Fl ash nenory array is fornmed in batk or erase block segnents. In nmany
cases the banks or segnents are forned on one or nore electrically i sol at ed
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28@ (and WEAh Boating gate ae@oaeklissol at ed by an insulator (typically silicon
oxi-de). It is noted that other forns of Flash NAND architecture nmenory

arrays exist 10 Aaviig abold, &1 Flagh senbhe praframansngideahictd] eid mgnmayrdelis areand
types of nenory cells, such as PMOS floati ngngate menory cells. As stated
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within the nmenory cell. A floati ng gate nmenory cell in
an erased State, with a lack of carriers in the floating gate (a lack of electrons), typically
signifies a logic bit "1." A “programmed” floating gate memory cell state, with additional
carriers on the floating gate, typically represents a logic bit "0." Generally, in programming a
row of memory cells, the drain, source, and/ox channel of ﬂI‘1€ mdividual memory cells are
20 supplied with either a "program” voltage or a "program-inhibit" voltage, as desired. A gate
programming voltage is then established on the word line that is connected to and forms the
{ = control gates of the selected row of memory cells to program the individual floating gate
memory cells of the row in either a programmied state or keep them in an erased state by
inhi‘lniting programming by the applied bitline voltage (logical "0" or alogical "1"). In other
25  words, to change the state of the erased cell the voltage differential between the high gate
programming voltage on the control gate of thee selected memory cell and the program
voltage applied to the connected bitline is enough to tunnel electrons into the floating gate of
the selected memory cell and change it to a programmed state. Whereas, the voltage
differential between the high gate programming voltage on the control gate of the selected
30 memory cell and the program-inhibit voltage applied on the bitline is not enough to tunnel

electrons into the floating gate of the selecied mmemory cell and leaves it unchanged or

“inhibited”.



an erased state, with a lack of carriers in the floating gate (a | ack of
electrons), typically signifies alogic bit "I." A "programed" floating
gate nenory cell state, with additional <carriers on the floating gate,
typically represents a logic bit "0." Cenerally, in programmng a row of
menory cells, the drain, source, and/or channel of the individual nenory
cells are 20 supplied with either a "progrdbt voltage or a "programinhibit"
voltage, as desired. A gate programmng voltage is then established on the
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of the selected menory cell and change it to a programmed state. Wereas,
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In a NAND architecture Flash nenory, a boosted bitline progranm ng process
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al [ owi ng t heWPgrempaearamyahuby voliageplased o MEORRESIPhPIIASS. vol t age that was
pl aced on the individually connected bitline to the selected nmenory cell of
Figure 3 show waveforms 300 of a NAND Flash architecture floating gate

memory string in a boosted bitline programminv operation 300 of the prior art with program
20 or program—mhlblt voltage of 4.5V (program logical 1) 306 is placed on the bitline 302, 208.
A voltage of 4.5V 310 is applied to the gate of the drain select gate 212 on the drain select
(k gate control line 214, enabling it and precharging the voltage on the bitline 302,208 (either
4.5V program-inhibit voltage 306 or OV program voltage 304) to the serial string of floafing
gate memory cells 204. A voltage of Vss 312 is applied to the gate of the source select gate
25 216 on the source select gate control line 218, keeping it turned off and isolating the source
line 206 (which has been brought to a voltage of Vec 308) from the serial string of memory
celis 204. Afier a selected time period 314, a high gate programming voltage of 18V 318 is
applied to the control gate of the selected floating gate cell 202 on its word line 320, 210,
while a pass voltage of 10V 316 is applied to the control gates of the unselected floating gate
30  memory cells 202 of the serial string 204. The voltage differential between the 18V gate
programming voltage 318 on the control gate of the selected memory ceil 202 and the OV

program voltage 304/4.5V program-inhibit voltage 306 of the bitline 302, 208
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' the individual series sgrings bei ng programred. The gate progranmm ng voltage
on the selected row of nenory cells then prograns themto either a
programed state or keeps it 15 unchanged in an inhibited state (logical "0"
or a logical "I") dependent on the connected program prograntinhibit

vol tage placed on the connected bitlines., Figure 3 show waveforns 300 of a
NAND Fl ash architecture floating gate nerfory string in a boosted bitline
programi ng operation 300 of the prior art with program and program i nhibit

vol t ages, proglainglpidrdm-ighipit @ieNvatdigteageofahe ledied ogmaRy tap2@alm0) 34 20 or
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204 and thg&aggﬂbﬁ%g]@d\/e_gate programm ng voltage 318 is applied on the
control gate of the selected nmenory cell 202 turning off the drain sel ect

gate 212 and 5 tr | he .G e n the channel . The t.rapped. char | S
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voltage differential between the carriers of the channel ‘and the 18V gate
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voltage, as is desired, is established on the bitlines connected to the series connected strings
containing the floating gate memory cells to be programmed, but is not connected to the

20  selected serial strings. While the precharge voltage is available on the connected source line,
_ a high gate programming voltage is established on the word lines the selected floating gate

: (_ - memory cells and a high pass voltage is established on the word lines of the non-selected
floating gate memory cells of the series connected strings. This turns on the floating gate
transistor memory cells of the strings and establishes/precharges a channel of carriers in them

25  (typically electrons in NMOS floating gate transistors). Once the channel has been
precharged in the selected serial strings, the source control gates are turned off, unconnecting
the precharge voltage fr.om the serial strings. The drain select gates are then turned on,
allowing the program voltage or program-inhibit voltage to be connected to the selected
series connected strings from the bitlines. The gate programming voltage on the selected

30  memory cells then programs them to either a programmed state or an inhibited state (logical
"0" or a logical "1") dependent on the connected program/program-inhibit voltage placed on

the connected bitlines.



10 204 to the OV applied to the bitline. This clanmps the channel to OV to
mai ntai n the progranm ng voltage differential between the channel of the
serial string of floating gate nenory cells 204 and the 18V gate

progranmm ng voltage 318 to tunnel carriers into the isolated floating gate.
In a NAND architecture Flash nenory, anotdher approach is the boosted source
15 |ine programm ng process, acconplished by placing precharge voltage on

the source line _connected to the seria ri sour c control gates
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drain sel ect@gates are then turned on, allow.ng the program voltage or

pr ogrl@m i wAlatstdropsibe selected seréal somas0ddy e frmn santeal gates 246, wiish aisinmed ed
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204 t hr ougftt-t Has wonsranghe BMOS| flogting garGanslsiarimennerst aetln 802 ohthestrings 264/
;’?lnéag: .406 C&Fagﬁiﬁlegg%t% zgr%gs{)% ehannefo% eldd toens nttle{n? | dnlcfr:] fhe c%gﬁne% ﬁgs beAe‘El the same
precharged in the selected serial strings 204, the source control gates 216 are turned off by
placing 0V 422 on the source select gate control line 404, 218, unconnecting the precharge
20  voltage of 4.5V 402 of the source line 206 from the serial strings 204. A near threshoid
voltage of 0.7V 424 (assuming a 0.6V threshold drain select gate transistor) is then applied to

( the drain select gate control line 412, 214. If the applied bitline 208 voltage is the program

gt

voltage of OV the drain select gate 212 turns on and clamps the channel of the serial string of
floating gate memory cells 204 to OV 408. Alternatively, if the applied bitline voltage is the

25  program-inhibit voltage of 0.5V 410 the drain select gate 212 remains off and the carrier
charge in the channel stays trapped and is capacitively coupled upwards by the applied'gate
programming voltage 420, 418. The high gate programming voltage of 18V 420 on the
selected memory cells 202 programs the memory cells 202 to either a programined state or an
inhibited state (logical "0" or a logical "1") dependent on the connected program

30 408/program-inhibit 410 voltage placed on the bitlines 208.



10OV 408 or a “progran}{ﬁﬁlglt" voltage of 0.5V 410, as is desired, is
established on the bitlines 208 connected to the series connected strings
204 containing the floating gate nenory cells 202 to be programmed. The
program 408 or programinhibit 410 voltages, however, are 10 isolated from
the selected serial strings 204 by the drain control gates 216, which are
turned off by OV 414 that is placed on t g drain sel ect gate control |ine
412, 214. Wiile the precharge voltage of 4.5V 402 is available on the
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established on thertv\%(%gﬁhr?ggmagg’&g @Jﬁﬁ{a% %%t }’éeg]%’?cl%ga@ﬁn ﬁgﬁé?%g?réermry
cell s 202 ardbagsibleghr fhiad®oxteditdgme4h8 bosstabicmidde IsireADID frbkitavourd Flashes 15
416, 210 of the non-se e ted floating gate nenory cells 202 of the series
connect ed P HYIunPaL 0&% s turns on the NMOS floating gate transistor
nmenory cells 202 of the strings 204 and establishes/precharges a channel of
el ectrons in t hemEmhediments ehthampetsentbgvendion utibize bhesigfearbbirate hib ardioesiedd

| st 04, th 2 t ff
TP e L B e
precharge 2Qane| b8 s@bctéd 5&1411%%1@%3 dfm%aﬁﬂ«u E&€ nhdniéty 200 AddqiPoihe & rsd:l@dted
strings 204. A near threshold voltage of 0.7V 424 {assum ng a 0.6V

t hreshol d drexnory sellsewith g&ataa progmmm\)olhage corarectedpd thedzates of theesetbctidn sel ect
gate control line 412, 2 If the. a itline 208 volta t he
program vOrEURyE Cefs Wb ¢ C&rtﬁlnﬁp%eéfs g?g rHH%g%WﬂB%%e? Eatf’ He

channel of sthifraReRiiR refbitbddo Bbroid bR} ﬁﬂﬂp@tr@;sé@mnya@v%kédsm@ﬁge k%l%’ A8

Alternatively, 1f the applied bitline voltage is the 25 programi nhibit
vol t agtd of afd sufaily preshahgei uhe shireels gdtsenze 2nd dren nedasfdf thenfloating geter r i er

char in the .channel stays ped and is.cC aC|t| _ cou Ied S
the o e A e st e o o R oy Sshamith; o8 SRR g
VO' age of AMeA t&ﬁscﬂﬂ?st[ﬁ%e%ﬁgh %‘!M&Msﬁ%ﬂ)@e f%%ec?’ﬁ&%@ﬂ'ﬁ)etseﬁ’rcged’fﬁ }’
cells 202 to either a progra ate or an inhibited state (logical
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boost ed tu%itﬁrgsgramﬁ ng) to precharge the
NEs.

This precharging of the channels with the substrate tub in boosted tub
programming allows for lower voltages to be utilized with the bitline circuits, source line
20 circuits, decoders, and sense amplifiers/drivers of the floating gate memory array. The lower
operating voltages of these circuits allow for smaller circuits and device feature sizes to be

- used in these devices, which in turn allows for a smailer Flash/floating gate memory array to

—

be designed. Boosted tub programming also allows for reuse of the high voltage circuits in
the substrate/substrate tub that are utilized for bulk erasure of the erase blocks of the NAND

25  Flash architecture floating gate memory array. Additionally, boosted tub programming
allows for more specific control of the precharge voltage than in a boosted bitline or boosted
source line programming methods, with their more complex circuit paths and muitiple
intervening circuit nodes. Because of this reduced intervening circuit complexity, the tub
voltage can also be more easily and more nniformly optimized for programming and

30  minimum disturb. The boosted tub programming approach also establishes a more uniform
and stable channel in the strings of floating gate memory cells regardless of their individual

programmed states allowing for better control and precision in the programiming operation.



channel of the selected serial strings of floating gate nenory cells and

programthe selected nenory cells with a gate progranm ng vol tage connect ed
to the gates of the selected nenory cells with which to tunnel carriers. In
boosted tub progranm ng, the substrate or substrate "tub"” (referred to
herein as the "tub") is raised to an el evated voltage level to stably 10 and
uni formy precharge the channels and sourcE and drain nodes of the fioati ng
gate transistor nmenorycells of each serial string with carriers. The
carriers are coupl g4 fo%rziﬂiﬂﬂng‘:é?ﬁ'}ﬁ@b%r&ﬁte&tﬂﬁzﬁﬁgﬂ ﬁbnﬁigf%ﬂﬂ%bb&é&&% the
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boosted source |line &rogramﬁ ng nethods, with their npre conplex circuit
pat hs and rihisiGhapeel vpltage, walremami(hegrechaegsawltagiless a dioge diap willhepbtested by
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t ub progr anmupagitappdeohhalistinss dehle RPRSoA rdPdeE cunirblafare, asdisbusdeatidelrghannel
in the strings of floating gate nmenory cells regardl ess of their individual
progr akred Widstkaftes thegipohiprenyoliagedercmayisd fom hissupstes Wb @a2 becappreof the
programm ng &g[fsgca%b&)ég 15 1In progranm ng a NAND architecture Flash nenory
with a booste ub progranm ng approach, the substrate tub 252 is raised to

a sel ected prechar KeeY alet c?lga%mlel%\gf ltlie floating gate transistor memory cells of the serial strings

are precharged, the applied voltage on the substrate tub 252 is lowered. At the same time, a
high gate programming voliage is established on the word line 210 of the selected floating

20  gate memory cells 202 and a high pass voliage is established on the word lines 210 of the
non-selected floating gate memory cells 202 of the series connected strings 204.

(.. Additionally, "program"” voltage or a "program-inhibit" voltage, as is desired, is established
on the bitlines 208 connected to the series connected strings 204 containing the floating gate
memory cells 202 to be programmed. A “program” bitline voltage turns on the drain select

25  gate 212, discharging the precharged channel of the selected series connected strings 204 and
allowing the selected floating gate memory cells 202 to be programmed. A “program-
inhibit” bitline voltage places the drain select gate 212 in an off state and traps the precharged
carriers in the channel of the selected serial string of floating gate memory cells 204 allowing
them to capacitively couple upwards in voltage and prevent programming of the floating gate

30 memory cells 202 of the selected serial string 204. The gate programming voltage on the
selected memory cells 202 then programs the selected floating gate memory cells 202 of the

serial string 204 to either a programmed state or an inhibited state (logical "0" or a logical



At the sane time a simlar level voltage is placed on the bitlines 208 and
source line 206 connected to the selected serial strings of floating gate
menory cells 264. Alternatively, the 5 bitlines 208 and source line 206 can
be placed in high inpedance node (H Z) and allowed to float up with the
el evated vol tage of the substrate tub 2526 nstead of being driven with a
separate voltage. The sel ected precharge voltage applied to the substrate
tub 252 fl, through . the intrinsic diodes. (n shown). forned i.n h
loattng oat e dereigSF gt o) of Ristesthanibi Offeciesm B8 s do Bfite.

di ffusi ongogand the P doped substrate tub 252. The 10 vol tage seen at each
floating gate transistor 202 (the substrate tub 252 precharge voltage, |ess
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t he prechahped ochenfieimadly drbeensle i@ dheedd dlowaonagd actuitdevivgs wall4maller
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of f state . : precharged carriers in the channel of the selected
seri aﬁgstrsgﬁgo%#lg?’?%lté ‘'ng gate nmenory cells 204 allowing themto

capacitively couple was in valt an event pr.ograming of, the
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from the bitlines 208. The source select gates 216 are turned off by a OV voltage 512 applied

)

20 to the source select gate control line 218, isolating the 4.5V voltage 506 of the source line

C,

(o of punch through damage of the source select gates 216, the source select gates 216 are

206 from the selected series connected strings 204. Alternatively, to decrease the possibility

turned on by a 1V voltage 510 applied to the source select gate control line 218, allowing the
4.5V voltage 506 to be connected to the selected series connected strings 204 from the source

25 line 206. The word lines 210 of the floating gate memory cells 202 of the series connected
strings 204 are kept at 0V.522 or placed in a high impedance mode and allowed to float 520.
The 5V precharge voltage 502 applied to the substrate tub 252 flows through the intrinsic
diodes {not shown) formed in each floating gate transistor 202 between the channel, source
well, and drain well and the substrate tub 252. The voltage seen at each floating gate

30 transistor 202 (the substrate tub 252 precharge voltage less a diode drop) precharges a

channel of carriers in the floating gate transistor 202. It is noted that the intrinsic diodes of



16 "I"), dependent on the program or programinhibit voltage placed on the
connected bitlines 208. F gure 5 shows waveforns 500 of. a NAND Fl ash
architecture floating gate nenory array in a boosted tub programm ng
operation with programand programinhibit 5 voltages. In Figure 5, the
NAND architecture floating gate cell 202 sgqyi es strings 204 are precharged
through their source/drain well intrinsic diodes by a 5V voltage 502 on the
substrate tub 252. At the same tinme, the bitlines 208 and source |ine 206
connect ed t thetch@nek sheiecahddmiradlicst thernpgscha(4 voltagd analt gangratpalt carrive nimmyelae b s
202 are placed into a_high inpedance node and allowed to follow the P+
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strings 204 are kept, at OV. 522 or placed in a hi i npedance node and
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516 are applied, such that word line voltages have already reached approximately 5V or 6V.

This allows for better coupling of the precharged channel to the programming voltages.

However, it is noted that the relative timing of the word line voltages 516, 518, the substrate
20 tub voltage 502, and the bitline voltages 524, 526 in other embodiments of the present
invention may vary allowing for differing optimization of the precharge values and inhibit

{ characteristics.

It is also noted that other programming voltage levels and sequences are possible
“and should be apparent for boosted substrate/substrate tub NAND architecture Flash
25  programming method and array embodiments of the present invention for those skilled 1n the

art with the benefit of this disclosure.

CONCLUSION
A boosted substrate tub/substrate floating gate memory cell programming process
30  has been described that applies a voltage to the substrate or substrate *“tub” of a NAND Flash

memory array to precharge a channel of carriers within the floating gate memory cells prior
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30 transistor 202 (the substrate tub 252 precharge voltage | ess a diode
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It is noted that the intrinsic diodes of 17 the channel, source, and drain
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A boosted substrate tub/substrate floating gate nenory cell progranmm ng
process 30 has been described that applies a voltage to the substrate or
substrate "tub" of a NAND Fl ash nenory array to precharge a channel of
carriers within the floating gate nenory cells prior 18 to applying a high
gate programm ng voltage to the gate of the selected floating gate nenory
cells and coupling a programor programinhibit voltage to programthe

sel eécted floating gate nenory cell (s) asjgdesired. The use of a boosted tub
progranm ng approach avoids the requirenent that the bitline and/ or source
line circuit design of the NAND Fl ash array be able 5 to withstand or carry
hi gh vol tages,_during progranm ng of a floating gate nenory cells and all ows
reuse of theSEAMMS erase hi gh voltage circuits connected to the substrate
tub. This allows the NAND Fl ash nenory array to be designed with smaller
circuit designs and/or smaller circuit feature el ements. The boosted tub
progranmi ng appr oAahethddsaol apetating a ngstvelatild memaodfy davise eathprigeg:channel that is
easily adjustable and of a re uniformnature. 10,Although specific

erbod! mant o have. BOBHD P Pl EREF ol tigs duiuars 1Stk Bidp i POTRGE FraggS of
appreci ated by thosenghlit9loftifiBaing Ed mbmbfy deh§ vwHebeih DRIAANYITHR @ that
is calculated to achieve the sane purpose may be substituted for the

speci fi c enbodi ment snepawsellave sguplediag puiabiyol skingtie i nvention will be
apparent to those Qf;. i_nar kill in:the art cor di . thi
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invention. It is mamkflestdch striffgarfdadletiddhuhbirfistingstandn be [imted only by
the followng clains and equivalents thereof. 19 CLAIM5 1. A nethod of
operating a non- vEIGHIVELY CHEpHINGA RIagHEY gRTHPT ARTAgamcBoNt vielage tsaskamche

vol tage through a SQ}?%SJhasEﬁiééﬁhEQeI@ctéﬁﬁbgﬂe%b’st&F channels of a plurality
of floating gate nenory cells, wherein the pl ura%ty of floating gate
menory cells is coupled in a plurality of strings; coupling a gate

rogranmi n olta to,a te. of elected fl oati te menor,. || of
bach string 6f a JBf BETOd SRERR. YOS comRGs copiing dieces oBoTolieFPIRge
program vol t age Ofo tfie R4t OF BidtstRBich floatiiy dattBerthOrvcl A BAM striff ofeRC I cRtel Ng Of

t he sel ected nunber of strings. _
number of strings after uncoupling the precharge voltage.

3. The method of any one of claims 1 or 2 further comprises coupling the gate
programming voltage to the gate of the selected floating gate memory cell of each

string of the selected number of strings before uncoupling the precharge voltage.

4. The method of claim 1 or 3 further comprises coupling the gate programming
voltage to the gate of the selected floating gate memory cell of each string of the
selected number of strings and uncoupling the precharge voitage after the gate

programming voltage has reached a selected voltage level.

5. The method of any one of claims 1-4 further comprises selectively coupling the
program voltage or the program-inhibit voltage to the channel of each string of

the selected number of strings through a drain select gate transistor.

6. The method of any one of claims 1-5 further comprises selectively coupling the

program voltage or the program-inhibit voltage to the channel of each string of



2. The net hod of clain1; further conprises coupling the gate progranm ng
voltage to the gate of 'the selected floating gate nenory cell of each
string of the selected nunber of strings after uncoupling the precharge
voltage. 3. The method of any one of clains 1 or 2 further conprises
coupling the gate progranm ng voltage to the gate of the selected floating
gate nenory cell of each string of the selected nunber of strings before
uncoupl i ng the precharge voltage. 4. Theonethod of claim1 or 3 further
conprises coupling the gate progranm ng voltage to the gate of the selected
floating gate nenory cell of each string of the selected nunber of strings

and uncoupling the precharge vpltage after the gate . progranm ng, val tage has
reached a sel ecttg?jse@f&ﬁ%ab‘gﬂﬂ%e%mé.whﬁﬁéh%@ﬁmg{?mﬁ veligedt capladfe 14

further conpri sege st 8ChE YQLNed ASHHNL REtetiEnorh COYLLIRCN SHriha B€ tHMseleBiEd
programinhibit voltage to the channel of each string of = the selected

nunber of stri ngwmber ofisings. drai n sel ect gate transistor. 6. The nethod of
any one of claims 1-5 further conprises selectively coupling the program
vol tage or the programinhibit voltage to the channel of each string of 20

the sel ect ed nurtemahodsfanp@se vheRinishes aaiher frmgissdzaiRgvalolbagmgitse coupl ed
to the gate of the selected floating gate nmenory cell of each string of the
sel ected nunbePIYFramBvE{tageor the prop olfpgedlay dspiB obp fizst oakingigate f ur t her

conpri ses sel eCtrhéﬁ%r "g@?‘?ﬁ?{ag?f’%%f g&gg@gmmbgﬂguﬂgﬁt he programi nhibit

voltage to a drain o atin ate nenory c€ll of each string of
the selected nunber of strings. 8 A nenory device conprising: a substrate
tub; a floating gate nenory cell in series with at | east one additional
floating gag.e rmememore@iced @mpedingn the substrate tub; a word |ine coupled
to a gate of the floating gate nenory cell; a bitline coupled to a drain of
the floating gatgupmime bcel |; and a source line coupled to a source of the
floating gate nmenory cell, wherein the nenory device is adapted to

precharge a chanfflatih® hendhRRLbING WAESwith at least one additional floating gate

memory cell formed in the substrate tub;
a word line coupled to a gate of the floating gate memory cell;
a bitline coupled to a drain of the floating gate memory cell; and

a source line coupled to a source of the floating gate memory cell, wherein the
memory device is adapted to precharge a channel in the floating gate
memory cell with a precharge voltage on the substrate tub and program the
floating gate memory cell with a floating gate programming voltage on the
gate and a program voltage or a program-inhibit voltage that is selectively

coupled to the drain.

9. The memory device of claim 8, wherein the memory device is adapted to remove
the precharge voltage of the substrate tub before programming the floating gate
memory cell by asserting the gate programming voltage on the gate and the

program voltage or the program-inhibit voltage to the drain.



menory cell with a precharge voltage on the substrate tub and programthe
floating gate nenory cell with a floating gate progranm ng voltage on the
gate and a programvoltage or a programinhibit voltage that is selectively
coupled to the drain. 9. The nmenory device of claim8, wherein the nenory
device is adapted to renove the precharge voltage of the substrate tub
before progranm ng the floating gate nenory cell by asserting the gate
programm ng vol tage on the gate and the21progran1voltage or the
programinhibit voltage to the drain. 21 10. The nenory device of any one
of claims 8 or 9, wherein the nenory device is adapted to renove the

precharge v@.t ag@e@henidi9 dSvibS bf fynk P clRfntsey 0 S@ictdiM thetni@norg@b@cPs0gr amm ng
vol tage on the gate and the program voltage or "t he program inhibit voltage

to the drain to adrued empee fhecpafeqhargegakt@ewﬂmwb@@ltqm pier apbstipether y devi ce

of claim 10, V\,her c o I v r echar ge
vol tage of the s%gsl{} O%hfl%"fqgu%g &%lalgg%}{tﬂh akc e pr%r%gfzil%]n’rﬁmr%%ng ﬁheé’mgﬁgn been
asserted on the lﬂ[abﬁvah@ert&&&hﬁdnaoﬁmgﬁm&dfM@ﬂlﬂg’:\meinemefycdlZ The nenory
device of any one of clains 8-11, wherein the floating gate nenory cell is

one of a plurality of floating gate nenory cells arranged in a nenory
array, where the plurality of nenory cells is coupled into a plurality of

strings of 1menorp g&hdi§ d\éthE'of &@infi@%&ﬂeﬂﬂl%hﬁ‘enﬁﬂ%?ﬁé%c&ﬁ'ah&twto%ﬁbvét“ ng
serially coupled sourcé to drain, where a drain o first floating gate

menory cell of dh@preshargmgoltage OEtha pmlsttateéuh #fter the dateerograthnzing goltage haf  a
final floating nMeno el |l of ;ea upled to the source
line. 13. The rre ?S%ﬁ%’b&l gatglagﬁ:ﬁa gef;%gﬁroﬁ?%eqafél n of the first
floating gate nenory cell of each strlng of floating gate nenory cells is
coupled to a drain select gate transistor and the source of the final

floating gafxe nEI‘HérrMcrﬁ&JTy'de{zﬁe oPﬁHrRJxﬁQ‘;f ERinds @-@W\ﬁ&f&ﬁ'ﬂﬁ;‘?ﬂoﬁﬁﬁéa&"r&%ﬁiﬁt or.
14. The nmenory devi ce of any one claims 12-13, wherein tRhé menmory device

is adapted to peHdhenaf aaﬂ@hhmtélﬂoamngag%@mempweﬂs pirengedfin & Memorpat i ng gat e

merory  cells Wit LR RRASHRRAR ot9ldRTS o i DS bRl AliSrlifPorithg 8¢ Pr oor am

memory cells with the floating gate memory cells in each string serially coupled
source to drain, where a drain of a first floating gate memory cell of each string is
coupled to the bitline and a source of a final floating gate memory cell of each

string is coupled to the source line.

13.  The memory device of claim 12, wherein the drain of the first floating gate
memory cell of each string of floating gate memory cells is coupled to a drain
select gate transistor and the source of the final floating gate memory cell is

coupled to a source select gate transistor.

14.  The memory device of any one of claims 12-13, wherein the memory device is
adapted to precharge a channel in a selected string of the floating gate memory
cells with the precharge voltage on the substrate tub and to program a selected
floating gate memory cell of the string with the gate programming voltage on the
gate of the selected floating gate memory cell and a program voltage or a
program-inhibit voltage that is selectively coupled to the drain of the first floating

gate memory cell of the selected string.



L N e
' floating gate nmenory cell of the string with the gate programm ng vol tage on
the gate of the selected floating gate nenory cell and a program vol tage or
a programinhibit voltage that is selectively coupled to the drain of the
first floating gate nenory cell of the selected string. 22 15. The nmenory
device of any one of clains 12-14, wherein the nenory device is adapted to
couple a pass voltage to unselected floating gate nenory cells of a

selected string of floating gate nmenoryagells. 16. A system conprising: a
host coupled to a flash nenory device, wherein the flash nmenory device
conprises, a NAND architecture nmenory array forned on at | east one substrate

tub having a pluyrality of floating gate. nenpory cells arranged in rows and
col umms and!%ouplisdnsmReTy d&‘”ﬁFGE%HYlQ‘E‘? ohflaipy {%‘)Ibé;w@reﬁ‘llﬂ’re%‘?‘{l‘ify&e%wd l i nes,
wherein each wor i i I : t he
floating gate rreérjrlg @géﬁeéﬂ%g%oﬁp‘%l ﬁ?lga%ie?d;&c‘)sg]e%ti@? ?%té ) mr&g%)%%g%vﬂ itline is
coupl ed to a dr aekcefl shinfiof loatifg ged¢ magogatels.menory cell of one or nore
strings; at |east one source line, wherein the at |east one source line is
coupled to a source of a last floating gate nenory cell of one or nore
strings; whwr eiAsydantbaghsingnory device is adapted to couple a precharge
vol tage on the at | east one substrate tub to precharge a channel in the
plurality of strabrsscespled teaitiaplymgmory davirsy yhereln the flgghanepey device he 1 ash
menory device is adaqﬁggﬁkggprogranla selected floating gate nenory cell of
each of a selected nu r-of strings of floating gate nenory cells by

appl yi ng a gate progredNANLyarchitdctiagmeimory dreaydfatreedadn dthersseleaabedtd tivat i ng

rogram vl tage or o brodeAREARIERY < deitiesity Pongn ISRt BB | ne.
17. The system of clai m 16nqWhRkEsAnd BSipidddaid JTRRRIY J8Mgs, | s adapted to

renove

a plurality of word lines, wherein each word line is coupled to one or more
gates of a row of the floating gate memory cells;

a plurality of bitlines, wherein each bitline is coupled to a drain of a first
floating gate memory cell of one or more strings;

at least one source line, wherein the at least one source line is coupled to a
source of a last floating gate memory cell of one or more strings;

wherein the flash memory device is adapted to couple a precharge voltage
on the at least one substrate tub to precharge a channel in the
plurality of strings of floating gate memory cells; and

wherein the flash memory device is adapted to program a selected floating
gate memory cell of each of a selected number of strings of
floating gate memory cells by applying a gate programming
voltage to the gate of the selected floating gate memory cell
through the coupled word line and by applying a selected program
voltage or a program-inhibit voltage through the coupled bitline.

17.  The system of claim 16, wherein the flash memory device is adapted to remove
the coupled precharge voltage of the substrate tub before programming the
selected tloating gate memory cell of each of a selected number of strings of

floating gate memory cells by applying a gate programming voltage to the gate of



4 the coupled prechargenv%ltage of the substrate tub before progranmng the
selected floating gate nenory cell of each of a selected nunber of strings
of floating gate nmenory cells by applying a gate progranm ng voltage to the
gate of 23 the selected floating gate nenory cell through the coupled word
| ine and by applying a selected program voltage or a programinhibit

vol tage through the coupled bitline. 18. The system of claim 16, wherein
the flash nenory device is adapted to regove the coupled precharge voltage
of the substrate tub after applying the gate programrng voltage to the
gate of the selected floating gate nenory cell. 19. The system of claim 18,

wherein the flas nory_devi ce i s adapt to, renove. the precharge voltage
of the ‘subst r at &l gﬁﬂ%ﬁ’%?ﬂ@ﬁéé@&@lwa@f HhdB AP leg e R app f ed t o
the gate of the gglyeed @%Ié&éﬂ%rbé@m&%ﬁﬁgé@%rM?ﬁﬁmezoﬁ@g% thRAghad a

predeterm ned voltage | evel. 20 The system of any one of clains 16-19,
wherein the fl astoupledbrtinglevice is adapted to selectively adjust the
precharge voltage of the substrate tub. 21. The system of any one of clains
16-20, wherein the host is a processor or a conputer system

18.  The system of claim 16, wherein the flash memory device is adapted to remove

the coupled precharge voltage of the substrate tub after applying the gate

programming voltage to the gate of the selected floating gate memory cell.

19.  The system of claim 18, wherein the flash memory device is adapted to remove
the precharge voltage of the substrate tub after the gate programming voltage has
been applied to the gate of the selected floating gate memory cell and has reached

a predetermined voltage level.

20.  The system of any one of claims 16-19, wherein the flash memory device is

adapted to selectively adjust the precharge voltage of the substrate tub.

21.  The system of any one of claims 16-20, wherein the host is a processor or a

computer system.



