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 devices and
in partictllar the 5 present invention relates to Flash nenory devices.
BACKGROUND OF THE | NVENTI ON Menory devi,ces are typically provided as

I nternal storage areas in the conputer.” The termnmenory identifies data
storage that conmes in the formof integrated circuit chips. 10 There are
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Is | ocated over the floating gate and is also typically nmade of doped
pol ¥ [ icity to maintain its conienfs. As soon as the power is"turned off, whatever data was in
RAM is lost.

Computers aimost always contain a small amount of read-only memory (ROM)
that holds instructions for starting up the computer. Unlike RAM, ROM cannot be written to.
Memory devices that do not lose the data content of their memory cells when power is
20 removed are generally referred to as non-volatile memories. An EEPROM (electrically
erasable programmable read-only memory) is a special type non-volatile ROM that can be
( erased by exposing it to an electrical charge. EEPROM comprise a large number of memory
.- cells having electrically isolated gates (floating gates). Data is stored in the memory cells in
the form of charge on the floating gates. A typical floating gate memory cell is fabricated in
25  anintegrated circuit substrate and includes a source region and a drain region that is spaced
apart from the source region to form an intermediate channel region. A floating gate,
typically made of doped polysilicon, is disposed over the channel region and is electrically
isolated from the other cell elements by a dielectric material, typicaily 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



The control gate is electrically separated fromthe floating gate by another
dielectric layer. Thus, the floating gate is "floating" in dielectric so
that it is insulated fromboth the channel 2 and the control gate. Charge
is transported to or renoved fromthe floating gates by specialized
progranm ng and erase operations, res&ectivel y. O her types of non-volatile
menory include, but are not limted to, Polynmer Menory, Ferroelectric Random
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the NOR array architecture, the floating gate memory cells of the memory array are arranged
in a matrix. The gates of each floating gate memory cell of the array matrix 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 common source line.
20  The NOR architecture floating gate memory array is accésscd 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 column bit line. The
NAND architecture floating gate memory array is then accessed by a row decoder activating

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




rows to word |ines. However each nenory cell is not directly connected to a
source line and a columm bit line. Instead, the nenory cells of the array
are arranged together in strings, typically of 8, 16, 32, or nore each,
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fl oati ng gat e Twaxenopragrammitg techpiques for NANDr architenfongFlash mesiosiesr s ar e

t d [ .t wde, .f it t.h t it . f
I b Py ube e T EOMSLN, e CSMIECL S, Lije or 7o
(t ransi %ﬁﬂieﬂ-to@hﬁ%é?%ﬁ@eﬂciep fRfaiﬁﬁ% mmﬁ\éﬁ%&&@a&%%wm fehAdlingerories is

that 15 progra ng typically ' ves applying a high voltage t0 el enents
of t hetnansistoss axe hamed onLis aphassythrongh bnodd, keono eithdrébes comeeted bitkineaordfkam at hei r

i ated el t di ther. " ted pitline" "boost ed
Cour oo SPYHE g O PaPaia B Bk g pORRSE BRAIoBEE. of 1 ar ger

feature circuit elenents or differi ng circuit designs in these portions of

the menory arfdyohlem pthpregramming Brarchitectye Siash mempsieadsnthaly vol t ages.

Th : I i t .desi
oo caBrsbrah Bt al) tOBheCBoins W bigh y SR © R o T MelitbPafiby AP0 92
I nt egr aswatlyche bitlide or bhepsotiice lineaad/eoasheig asgsooiafedalementy depsidingasidwhéthéreduci ng

the fipal integrated circuit chip die yield for a given process and process
subst r abeested bitline” or “boosted source line” programming is used. "This can require the usage

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

wafer 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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waf er size, further incfeasing costs. Additionally, small variations in the
circuit elenments of the bitlines, source lines, and/or their associated
circuit elements can lead to variations in the 25 programm ng voltages
applied to the individual floating gate nmenory cells. This can lead to
problens with over/under progranm ng 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
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" pr ogr MNNEYFlagpmeaery Wtqﬁrqqh@rgeeaq@hmﬁ@ftca:m withia the flpating gadid/ or ‘'sour ce

ni on oEotypsRERiH e opb A INAR B Bk el R b AR S L

reuse cfis hxhi?a Plogfdn oﬁﬁﬁﬁﬁnﬁirﬂﬁbf(@b&@@ﬁ)ﬁa EdtitletRd BROACES diﬁuéd’tdﬂil@ strate
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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 vniform 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 array 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-inhibit

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 memory 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




channel that is easily adjustable and of a nore uniformnature. For one
enbodi nent, the invention provides a nethod of operating a non-volatile
menory devi ce conprising coupling a precharge voltage on a substrate tub of
a NAND architecture nenory array of a plurality of floating gate nmenory
cells, wherein the plurality 25 of flo&ing gate nenory cells are coupled in
a plurality of strings, coupling a gate programm ng voltage to the gate of
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cel | MeRRE ¥nemory 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 channel 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 coupleci to the channel of floating gate memory cell memory string.

Further embodiments of the invention include methods and apparatus of varying

25 scope.




string formed on a substrate tub having a plurality of floating gate nmenory
cells coupled source to drain in a serial string, wherein the substrate tub
is adapted to apply a precbarge voltage to precharge carriers in a channel
of the floating gate nenory cells of the string, and 20 wherein the NAND
architecture floating gate menory cel |6 nenory string is adapted to program
a selected floating gate nenory cell of the string by placing a gate
programming ~. voltage on the gate of the selected floating gate nmenory
cell and a programvoltage or a programinhibit voltage coupled to the

channel of floating g #SF rt her enbodi nents of
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Figure 5 1s a wave lagram detailing a boosted bitline progranm ng

operation of a nbodi ment of
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In the drawi ngs, 20 like nuneral S descri bé substantially 5| m | ar conponents
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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.
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DETAILED DESCRIPTION
In the following detailed description of the invention, reference is made to the
accompanying drawings that form a part hereof, and in which is shown, by way of
illustration, specific embodiments in which the invention may be practiced. In the drawings,
20 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  been 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




~. enbodi nents are described in sufficient detail
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memory 100 embodiment of the present invention connected to a host 102, which is 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

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
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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
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
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
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a processing device or nenory controller. The Flash menory 100 has a control
i nterface 106 and an address/data interface 108 that are each connected to
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mermory clogether ingtrings: typicalbinofl, 14, NARDmore eqchs where e mpmeory cellsepagested ar r ay
of float fo%gthgxa&%enes, source to drain, between a source line and a columa 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. In
20  addition, the word lines connected to the gates the unselected memory 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
from the source line to the column bit line 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 (WLI-WL16) 210 that span across multiple series strings 204 are connected to the
control gates of every floating 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



menory cells in a matri.x such that the gates of each floating gate nenory
cell of the array 15 are connected by rows to word select |ines. The nenory
cells of the array are arranged together in strings, typically of 8, 16, 32
or nore each, where the nenory cells connected together in series, source
to drain, between a source line and a &l um bit line. The NAND
architecture floating gate nenory array is then accessed by a row decoder
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control gate. The drain select gate 212 is controlied by a drain select gate control line

(SG(D)) 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

N

coupled by the intrinsic PN junction diode formed between the source and drain junctions

( (and any induced carrier channel) 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




10 series string 204 contains NMOS floating gate nenory cells 202 that are
connected drain to source in a series chain. Wrd lines (W1-W3) 210 are
connected to the control gates of the floating gate nmenory cells 202 to
control their operation. In operation, the word |ines 210 select the

I ndi vidual floating gate nenory cell Y2 in the series chain 204 to be
witten to or read fromand operate the remaining floating gate nenory
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formto couple the source 284 and drain 282 regions of each NMOS floatl ng
gat e tplgng'ch adpgic 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/or channel of ti;c individual 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
controj gates of the selected row of memory cells to program the individual floating gate
memory cells of the row in either a programmed state or keep them in an erased state by
inhill)iting programming by the applied bitline voltage (logical "0" or a logical "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 the 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 selected memory cell and leaves it unchanged or
“inhibited”.




202 when it is in operaticon. Each NMOS floating gate transi stor nenory cel
202 has a floating gate 278 and a control gate 278 forned over the source
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Figure 3 show waveforms 300 of a NAND Flash architecture floating gate

]

memory string in a boosted bitline programming operation 300 of the prior art with program
and program inhibit voltages. In Figure 3, a program voltage of OV (program logical 0) 304

20  or program-inhibit 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
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 floating
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
cells 204. After a selected time period 314, a high gate programming voltage of 18V 218 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 cell 202 and the OV
program voltage 304/4.5V program-inhibit voltage 306 of the bitline 302, 208




acconpl i shed by placing €ither a "progrant voltage or.a "programinhibit"
voltage, as is desired, on the bitlines connected to the series connected
strings containing the floating gate nenory cells to be programred. The
drai.n select gate is also turned on, allowing the voltage 5 fromthe
bitlines to be connected to "prechargeEZthe channel s of the serial strings.
A high gate programm ng voltage is then established on the word |ine that
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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 fl: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.




progranm ng vol tage 318 on the control gate of the. selected nenory cell 202
and the OV program voltage 304/ 4.5V programinhibit voltage 306 of the
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transistors). Once the channel has been precharged in the sel ect ed seri al
stri ng@ndtestéblsb@nlpreclxatms ragthagyaal ef edgcgonsiinmtbdmo fdnceuhe dranaelttias feen

precharged in the selected serial strings 204, the source conirol gates 216 are turned off by

placing OV 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 threshold
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
voltage of 0V the drain select gate 212 turns on and clamps the channel of the serial string of
floating gate memory cells 204 to 0V 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 programmed 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.




the precharge voltage fromthe serial strings. The drain select gates are
then turned on, allow ng the programvoltage or programinhibit voltage to
be connected to the selected series connected strings fromthe bitlines.
The gate progranm ng voltage on the selected 30 nenory cells then prograns
themto either a progranmred state or at# inhibited state (logical "0" or a
| ogical "I") dependent on the connected program prograntinhibit voltage
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I'f the gppld ed bitline 208 voltage is the program

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 smaller 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 ate 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 multiple
intervening circuit nodes. Becanse of this reduced intervening circuit complexity, the tub
voltage can also be more easily and more uniformly 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 programming operation.
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voltage of OV the drain select gate 212 turns on and clanps the channel of
the serial string of floating gate nenory cells 204 to OV 408.
Alternatively, if the applied bitline voltage is the 25 programi nhi bit
vol tage of 0.5V 410 the drain select gate 212 remains off and the carrier
charge in the channel stays trapped ald is capacitively coupl ed upwards by
the applied gate programm ng voltage 420, 418. The hi gh gate progranm ng
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After the channels of the 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 voltage is established on the word line 210 of the selected floating

20  gate memory cells 202 and a high pass voltage 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 seiect 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




operating voltages of these circuits allow for smaller circuits and device
feature sizes to be wused in these devices, which in turn allows for a
smal l er Flash/floating gate nmenory array to be designed. Boosted tub
pragrammi ng al so allows for reuse of the high voltage circuits in the
substrate/substrate tub that are utili@ed for bulk erasure of the erase

bl ocks of the NAND 25 Flash architecture floating gate nenory array.
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coupling ratio of the channel to the total capacitance due to the intrinsic

Slihode depl et i Q8% sheeh MNFigRB'S! B the HoBstedfifd ;&e%m&ﬁmagd; afibi) theldrafiogdfel) after
e precharge voltage is renoved fromthe substrate tub 252 because of the
i ntringates Yizoaretnmedonby a 1V voltage 508 applied to the drain select gate control line 214,
allowing the bitline voltage 504 to be connected to the selected series connected strings 204
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
206 from the selected series connected strings 204. Alternatively, to decrease the possibility
of punch through damage of the source select gates 216, the source select gates 216 are
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




After the channels of the oating gate transistor nenory cells of the
serial strings are precharged, the applied voltage on the substrate tub 252
is lowered. At the sanme tine, a high gate programm ng voltage is
established on the word line- 210 of theselected floating 20 gate nmenory
cells 202 and a high pass voltage is eigablished on the word |ines 210 of
the non-selected floating gate nenory cells 202 of the series connected
strings 204. Additionally, "program' voltage or a "programinhibit”

vol t agethezhanngl, danicegahd dmirealiovbtbe phantiarge ivolthge dididenarascdafiies cimnaelttettet 0 t he
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202 ar egp a‘@%‘hﬂi&nf%@aﬁﬁégﬁ ?nﬁ&gé?é%al de and allowed to follow the P+
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strings 204 of floating gat menory cells 202. e floating or | ow vol tage
bi t | i nethe bigh saledt BOVrwerdllineevaliage 5 Hhandthe gatetprogramming 20V word line voltage

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 voitages.

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 in 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



driven or are minimally driven allow for the use of |ow voltage circuit
devices with smaller device feature sizes in the bitline and source |ine
circuitry, decode circuitry, and any 15 supporting circuitry. As shown in
Figure 5, in the boosted tub programm ng operation, the drain select gates
212 are turned on by a IV voltage 508 Bpplied to the drain select gate
control line 214, allowing the bitline voltage 504 to be connected to the
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10 connected bitlines 208 in conbination with the gate programm ng voltage
of 20V 516 traps the precharged carriers in the channel of the selected
serial strings 204 or discharges them and thus prograns the sel ected
floating gate menory cells 202 to either a programmed state or an inhibited
state (logical "0" or a logical "1"). It is noted that in the NAND
architecture Flash nenory device enbodi,gent of the 15 present invention
shown in Figure 5, the boosted tub 5V vbltage 502 is renoved slightly after
the high select 10V word line voltage 518 and the gate progranm ng 20V word
line voltage 516 are applied, such that word |ine voltages have al ready
reached approximately 5V or 6V. ThiGGLAIMSWs for better coupling of the
precharged channel to the programm ng voltages. However, it is noted that
the relative timng of the word |ine voltages 516, 518, the substrate 20 tub
vol tage 592, a éfﬁﬁ[ biikd erf;.l,-ﬁ ges 524, 526 in other enbodi nents of the
pr esent ?'nven"??%n 9%15#?/% oﬁng for differing optimzation of the
prechar ge val uesubatmatetubhi bit characteristics. It is also noted that other
progranmm ng vol ,age | evel s and sequences, a ossi bl.e d .shou)] d be
apparent for b%gggg’ﬁ @WE?WW&F@%W%\W?L@ W‘ﬂ‘%‘?ﬂ“ﬁﬁ%"gﬁﬂg@ | ash 25
programm ng net hod @gdos defl forphddan tHERGbstra@f tub;ne present invention for those
skilled in the art with the benefit of this disclosure. CONCLUSION A
boost ed subst r awerd lins/ooupled tap gate pbtie ifleatinggate memerycellel | progr anmi ng
process 30 ha I . i the substrate or
substrate "tubgb@&%%oﬁﬁﬁﬁgglgﬁ{&ngﬁn%@gﬂggggt&%%%ﬁ&ggﬁgbge a channel of
carriers withi flsddﬁ@l lide@%ﬁﬁlﬁ@tcﬁ@&cﬁmmfe)ﬂéﬁﬁhg gzlitahieﬁgjor%?ell,m«eﬁqi}pthyi ng a high
gate progranm ng voltage (o, the gate of the select ti.ng gate nenory
cell's and coupling ’&"IBPB’Q‘{CHWF& Pl tOPREF IS A "(hai}’b??t‘%ﬁ’é?@émﬂﬂ am t he

sel ected floating : é:ﬁje,l: i ted tub
pr ogr ami ng approag‘ﬂI‘n‘(ljllgl;)’{%[smf1 e reﬁer@'@%%g%?sﬁgﬁﬁﬁﬁmgﬂﬁgf source
line circuit desi gnfladtinggetenitdiriicelt vith aflwptitggadprogmmmingivoltageandhor carry
hi gh vol tages durin rogrammng of a floating gate mory .cel.ls. and allows
reuse of the block @g@%ﬁ@m&gé@r&W%ﬁ%%nﬂﬁﬁﬁgﬁﬁ%e&k%{tds f‘ﬂ%&lgaﬁst rate
tub. This allows téorplidibrikldsh menory array to be designed with smaller
circuit designs and/or

2. The memory device of claim 1, wherein the floating gate memory cell is one of a
plurality of floating gate memory cells arranged in a memory array, where the
plurality of memory cells are coupled into a plurality of strings of 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,

3. The memory device of claim 2, 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.

4. The memory device of claim 2, wherein the memory device is adapted to precharge

a channel in a selected string of the floating gate memory cells with the precharge



smal ler circuit feature elenents. The boosted tub programm ng approach al so
all ows generation of a precharge channel that is easily adjustable and of a
nore uni formnature. 10 Although specific enbodi nents have been illustrated
and described herein, it will be appreciated by those of ordinary skill in
the art that any arrangenent that is calculated to achieve the sane purpose
may be substituted for the specific errgﬂdi ments shown. ©Many adaptati ons of
the invention will be apparent to thos&€ of ordinary skill in the art.
Accordingly, this application is intended to cover any adaptations or
variations of the 15 invention. It is manifestly intended that this

i nvention be | voltdge dn drd spbityatd tub ahdtd program a selegteddloating gajeimemiopnted]l dfher eof .

19 CLAIMS A ngenory device conpri sing: substrat e b; floating gate
merory cel | | nEaRIngviR i eaie PRETRTvclings o1 B prof heisefreied JBRIoTe or
cel | formned '”git@&eﬂb??&él%ﬂéﬂi@ﬁaﬁn%&ér‘a oSramnhkiBithBltazedRdtgs Of the

floating gate nenory cell; a bit e coupled to a drain of the floating gate
menory cel | ; aselectivelygoupied tothe draimofahe first Boatingrgets mémanysell pHthe iselgeteht e
menory cell, erein the nmenory device is adapted to precharge a channel in
the floating g% g menory cell with a precharge voltage on the substrate tub
and programthe floating gate nenory cell with a floating gate programm ng
voltage on the_gate and a program voltage or a programijnhibit voltage that
i s sel ect Pvel yThemgmenadavisetof slaim 2; wherpin the:memprysleyicgds,adaptedfio equplas 1,

wherein the fl ?%g 'vggalggﬁg ggmé&ecpﬁééﬁnh gatg Qﬁeuﬁj\%@eﬂsmfldrs@fe%% ?@F‘F E}f oating

gate nenory ce In a menory-drray, ere the y of nenory
cel | s are coupflestingrgate memoényrcalls.t y of strings of nmenmory cells wth the
floating gate menory cells in each string serially coupled source to drain,
where a drain of a first floating gate nenory cell of each string is coupled

t ? the Dbigtli ni?h%ﬂx?m@rﬁ%&%f efaid 1f Wh&kinfthORbmBE, B3cR iTRIZpled t6 Rindovef each
string is coupled to

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,

7. The memory device of claim 1, wherein the memory device is adapted to remove
the precharge voltage of the substrate tub after asserting the gate programming
voltage on the gate and the program voltage or the program-inhibit voltage to the
drain to program the floating gate memory cell.

8. The meﬁow device of claim 7, wherein the memory device is adapted to remove
the precharge voltage of the substrate tub after the gate programming voltage has

been asserted on the gate and reached a selected voltage level.

9. The memory device of claim 1, wherein the memory device is a non-volatile

memory device.

10. A Flash memory device comprising;
a NAND architecture memory array formed on at least one substrate tub having a

plurality of floating gate memory cells arranged in rows and columns and



the source line. 3. The nenory device of claim2, wherein the drain of the
first floating gate nenory cell of each string of floating gate nenory
cells is coupled to a drain select gate transistor and the source of the
final floating gate nenory cell is coupled to a source select gate
transistor. 4. The nenory device of claim2, wherein the nenory device is
adapted to precharge a channel in a szsl ected string of the floating gate
menory cells with the precharge 1 20 ol tage on the substrate tub and to
program a selected floating gate nmenory cell of the string with the gate
progranm ng voltage on the gate of the selected floating gate nenory cell
and a program vol t agepled into pplagaiidnof sifingsj t vol tage that is selectively

SO he £ 1% st oot Bob e asbedhss R arepymasbbeofc o °
adapted to couple %m@%?ﬁlevﬁﬁfahﬁ??a&ﬁl_eﬁb?y%a ected floating gate nenory

cells of a selected string o oati ng gate menory cells. 6. The menory
devi ce of cl aiapliralitytofbitlimes; wheminreachybitlowiiceoupleddd adrainlof ofirst floatiag t he
precharge voltage of, the substrate tub bef.ore programmi ng the floating gate
nenory cell by ass@?&ci’ﬂ?j"?rﬁéa&g?@wpﬂrmwgﬁg vol tage on the gate and the
program vol t ageleast onb SourE B2 Whireth At bt &k bRd®UkR linBes Ebupled-to £ soutbee NENDrYy
device of claim1, wherein the menory device is adapted to renove the
precharge vol tage of alastfleatingigatermeraqry cell oonens suare pHgEthe gate programni ng
vol tage on th . [ r L hi i ol t age
to the drai n?@ﬁg@[@#ﬁﬁ;@gg@%ﬁ%&?@%@@ggﬁ%ﬁ%@%% Oﬁetﬁrr%ér{y devi ce
of claim7, wherei heasthenersabatraye tdew prechasgeatichptned inf the phoslite of sthieggofechar ge
vol tage of the subsirate tub after the gate progranm ng voltage has been
asserted on the gaflatngsatememopy cellsAndct ed vol tage | evel . 9. The menory

device of cl aiyfefoin WAFIRNIndiGy BWEE ¥ 2dEHEER progrimeley @l Hohtirfy 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.

11.  The Flash memory device of claim 10, wherein the Flash memory device is adapted
to remove the coupled precharge voltage of the substrate tub before programming
the 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.
12. The Flash memory device of ¢claim 10, 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.

13.  The Flash memory device of claim 12, wherein the Flash memory device is adapted



N s

menory device. 10. A Flash nenory device conprising: a NAND architecture
menory array fornmed on at | east one substrate tub having a plurality of
floating gate-nmenory cells arranged in rows and colums and 21 coupled into
a plurality of strings; a plurality of word lines, wherein each word line is
coupled to one or nore gates of a row of the floating gate nenory cells; a
plurality of bitlines, wherein each bitline is coupled to a drain of a first
floating gate menory cell of one or A®re strings; at |east one source line,
wherein the at | east one source line is coupled to a source of a |ast
floating gate nenory cell of one or nore strings; wherein the Flash nenory
device is ada Singone
substrate tub&%rgﬂgfgtgﬁgk%gﬁrgégﬁlg%%gfEl?%ut{!sﬁxlgﬁegﬁﬁ?gf}itlﬁﬁag?bgo ri ngsgof

fl oati ng gat eveltagehgs heeh lappliedrto thetgateaifitha selected {loatimggate menhory ¢ell and adapt ed
to programa selected flqgatin at ry cell of each of a selected
nunber of str q.?d'gach.f:&i?pg &ﬁﬁﬂﬁ‘gi'%lggﬁg%nfy cells by applying a gate
programm ng voltage to the gate of the selected floating gate nenory cell

t hrough the coupled word |line and by applying a selected programvoltage or

a progr atdi nhiks Flaglomemgey dewics of plaim 1@ whergin the Hlash meraory devicqisadmted h nenory
devi ce of cl gj . ] t%n(?( ' hs adapted to renove

t he coupl ed S{roergg&g?‘éégl%ﬁ%@lgée‘t}gﬁ%?as S rt% %%g%ag@gfebfore programmi ng the
selected floating gate nenory cell of each of a selected nunber of strings
of floatLng t nmory cells applyi,ng .a e progranmn.ng, vqoltage to the
gate of tl%'he gﬁ‘? g‘é‘fE‘G“"F‘PB’ VIS °3§19@E% %ﬁ%ﬂ%ﬁ@?ﬂ@@cggﬁaiﬁﬁgmrd

i ne and by i S8l I it
feleividy adjgﬁ t@&%rie&hafge%hﬁ HfFhd KBSrRE td tBARE ;ﬁ&@rﬁﬂﬂh@f

vol tage through the T“ouple tline. The Fl ash nenory ‘device of claim
10, wherein t tisturh cleactasisticsofdha/fleating gatg aizgmazyi cells of the array.

16.  The Flash memory device of claim 10, wherein the substrate tub is a P doped well

area.

17.  The Flash memory device of claim 10, wherein the substrate tub is a silicon on

insulator (SOI) area.

18.  The Flash memory device of claim 10, wherein the Flash memory device is adapted
to place the plurality of word lines in a high impedance state while the precharge
voltage is applied to the substrate tub.

19.  The Flash memory device of claim 10, wherein the Flash memory device is adapted
to drive the plurality of word lines with a selected voltage while the precharge
voltage is applied to the substrate tub.

20.  The Flash memory device of claim 10, wherein the Flash memory device is adapted
to place the plurality of bitlines in a high impedance state while the precharge

voltage is applied to the substrate tub.

21.  The Flash memory device of claim 10, wherein the Flash memory device is adapted



to renmove the coupl ed precharge voltage of the substrate tub after applying
the gate programm ng voltage to the gate of the selected floating gate
menory cell. 13. The Flash nenory device of claim 12, wherein the Flash
menory device is adapted 22 to renove the precharge voltage of the
substrate tub after the gate programm ng voltage has been applied to the
gate of the selected floating gate mez?ry cell and has reached a

predet erm ned voltage | evel. 14. The ash nmenory device of claim 10,

wherein the Flash nmenory device is adapted to selectively adjust the
precharge voltage of the substrate tub. 15. The Flash nenory device of claim
10, wherei n t toairiveadlsdplomiitr of bitinescwith s selekdgat vdtage whidethe précharigy voltigast t he

precharge voltage.of the substrate tub to alter programmng disturb
characteri stil??gghedttﬂéhefﬁ“@%t?\@%gate menory cells of the array. 16. The

Fl ash nmenory device of claim 10, wherein the substrate tub is a P doped wel |
area. 17. The Flash nenory device of claim 10, wherein the substrate tub is

a silicof2on ThaElashamemoryStemicgof glain 80, wheeeinthedtashanemery device is adepted ai m 10,

wherein the F| ash nenmory device | s;.ad . c - rali of word
Thes in a i SPRAEORR ErREEn iR B, s BedibOEfat SR el o071
t he substr at evéltige islépplidd o tht ablstrarerad; y devi ce of claim 10, wherein the

Fl ash menory device is adapted to drive the plurality of word lines with a
sel ected voltage while the precharge voltage is applied to the substrate

tub. 20.,7he fh@gllﬂsﬂﬁ@ﬂf)ér R oE m@{),%ﬁ@réﬂthﬂifs?m%an&gﬁgﬁh?fsgdmw y

device i s adapte to pldace the plurality of nes | gh 1'npedance

state whil e t wedrivedhdarege more bawaepelines wathl setedted goltdge whileshe priechargeh. 21. The
Fl ash menory d(ﬁvi ce of ig:({aig 11%,rs wherein the Fl ash nmenory device is adapted
{6 B} sppresie B

23 to drive YHERepiqAPRI s with a selected voltage while the
precharge voltage is applied to the substrate tub.

24, A NAND architecture floating gate 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 channel of the floating gate memory cells of the string; and

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 coupled to the

channel of floating gate memory cell memory string.

25.  The NAND architecture floating gate memory cell string of claim 24, further
comprising:
a plurality of word lines, wherein each word line is coupled to a gate of a floating
gate memory cell of the string;
a plurality of bitlines, wherein each bitline is coupled to a drain of a first floating
gate memory cell of the string; and

at least one source line, wherein the at least one source line is coupled to a source



22. The Fl ash nenory device of claim 10, wherein the Flash nmenory device is
adapted to place the one or nore source lines in a high i npedance state
while the precharge voltage is applied to the substrate tub. 23. The Fl ash
menory devi ce of claim 10, wherein the Flash nenory device is adapted to
drive the one or nore source lines with a selected voltage while the
precharge voltage is applied to the s#pstrate tub. 24. A NAND architecture
floating gate nmenory cell string conprTsing: a NAND architecture floating
gate nmenory cell nmenory string forned on a substrate tub having a plurality
of floating gate nenory cells coupled source to drain in a serial string;
wher ei n t he subst r aife last imenwry delbofabe stangppl y a precharge voltage to
precharge <carriers in a channel of the floating gate nenory cells of the
string; and wherein the NAND architecture floating gate nmenory cell nenory

string i syadapTiRANANTPAEKIfcR @ {16418 GaRAndrhGig cEID gﬁﬁﬁbﬁclm,wnéﬂiﬁ thef the

string by placing a gate progranmmng voltage on the gate of the sel ected
floating gate N hitesture Hoating goteqnemerny voll memervstring jsradaptadio eomplsiat

coupled to the nneh ..Qf . f | i n Ly | [l 25. The

NAND ar chi tect%?ég%'@gblnﬁg lté%e’totgtthrfe ryﬁggf{&ﬁg’?ﬁa %g"%'?‘g%g{‘ ¥rﬁe§{z?fy glﬁlrl%'her

conprising: a plurality of word lines, wherein each word line is coupled to

a gate of _a floatin gate nmenmpry, cell of the string, a plurality of

bi t1i nes, Z%er@?wé&%mﬁhchmgﬁ%mmw%nw ool grig At eﬂlna%iw eif hSat i ng

gate memory Cejdarff ghiBnchidel BAlls AENMOS HBARE ARApRGMicRe |1ne, wherein the at
e is coupled t [ 24

| east one source | 0 a sourc of a last nenory cell of
the string. 26. The NAND architecture floating gate nenory cell string of

clarm 24, opner S A, AL bl it eckdr§ b Wtng 3t Gl TR ek " ¥

string is p
floating gate memory cells are PMOS floating gate transistors.

29.  The NAND architecture floating gate memory cell string of claim 24, wherein the
NAND architecture floating gate memory cell memory string is adapted to actively
discharge the substrate tub after removing the applied precharge voltage.

30. A NAND architecture Flash memory device comprising:

a NAND architecture memory array formed on a substrate tub having a plurality of
floating gate memory cells arranged in rows and columns in a plurality of
erase blocks, wherein the plurality of floating gate memory cells are serially
coupled source to drain into a plurality of serial strings;

a control circuit;

a row decoder coupled to 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 first floating gate
memory cell of one or more strings through a drain control gate transistor;

at least one source line, wherein the at least one source line is coupled to a last

‘ memory cell of one or more strings through a source control gate transistor;
wherein the control circuit is adapted to couple a precharge voltage to the substrate

tub to precharge a channel of carriers in the plurality of strings of floating



programinhibit voltage to the channel of floating gate nenory cell nmenory
string. 27. The NAND architecture floating gate nenory cell string of claim
24, wherein the floating gate nenory cells are NMOS floating gate
transistors. 28. The NAND architecture floating gate nmenory cell string of
claim?24, wherein the floating gate nenory cells are PMOS floating gate
transistors. 29. The NAND architectuQﬁ floating gate nenory cell string of
claim 24, wherein the NAND architectUre floating gate nmenory cell nenory
string is adapted to actively discharge the substrate tub after renoving

t he applied precharge voltage. 30. A NAND architecture Flash nmenory device
conprising: a NAN@mmuwmm@@mmrenmEnnry array fornmed on a substrate tub

Col ums. i 1 o DHGFANAND g SVioh query AP cs el QIRTERPARRS | oat i ng

gate nenory cell sfﬁsraﬁngga&eﬂieinwrys&m*e%m%ﬁeteaau&baﬂdrshmg@oﬁﬂ&m ality of
serial strings; a control circuit; a row decoder Oﬁ‘gl ed to a pl ural ity of

word |ines, wher eigatesnahoruselis by placinga gete proigeamming agﬂromtbpsatgaf@g of a row

of the floatlng gat ral it ei n each
bitline is coupl e&elt%%tﬁﬁ?’f gaﬁ%ﬁ??ﬁgcggg‘%rgu%%ﬁ%up?# EIlls“(gne nor e
strings through a pliciigh sumteaqirogﬁh&otugtnﬁlamam-mbit@alsdgem&héource li ne,
wherein the at | east one source line is coupled to a | ast rrermry cel | of

one or nore stri ng@unWB@WWW%P%WF%%B‘P@%%%E@FW thep@rein t he
control circuit ig gﬁt@@ %%ﬁa&o&{% efif echarge voltage to the substrate
channe

tub to precharge a carrle s inthe plurality of strings of
floating 25 gate nenory cells; and vvherel n NAND ar chitecture Flash nenory

devi ce i adapt rogram a sel ect ed at.in me el | of each
of a sel gﬂ}?ﬁﬁ%ﬁﬁ% “BSg?tF&FP?% vdcdet%‘c]%éwaﬂnggrpiﬁstﬁ%y pl acing a
gate programwmn/aeém@ﬁr@nasHﬁeﬁaweofcelm té&k@ﬁh@da&hgm Béht@ft € menory
cell through the coupled word I'ine and % p acing a sel ected program

vol tage or a gatedtpnaistor diding progrmming therse floating gate memory cell and
couples the selected program voltage or program-inhibit voltage that is placed on

the coupled bitline.

32.  The NAND architecture floating gate memory device of claim 30, wherein the
NAND architecture Flash memory device is adapted to turn on the source control
gate transistor when the precharge and programming voltages are applied to the

selected number of strings.

33.  The NAND architecture floating gate memory device of claim 30, wherein the
NAND architecture Flash memory device is adapted to turn off the source control
gate transistor when the precharge and programming voltages are applied to the
selected number of strings.

34. A system comprising:
a host coupled to a Flash memory device, wherein the Flash memory device
comprises,
a NAND architecture memory array formed on at least one substrate tub
having a plurality of floating gate memory cells arranged in rows



coupled bitline while a high pass voltage is placed on the gates of the non-
selected floating gate nenory cells. 31. The NAND architecture floating gate
menory devi ce of claim 30, wherein the NAND architecture Flash nenory
device is adapted to turn on the drain control gate transistor during
programm ng the selected floating gate nmenory cell and couples the sel ected
program vol tage or prograntinhibit voI2t6age that is placed on the coupled
bitline. 32. The NAND architecture floating gate nenory device of claim 30,
wherein the NAND architecture Flash nenory device is adapted to turn on the
source control gate transistor when the precharge and programm ng vol t ages
are applied to the sel end eslumnsvielcoopled into agbiralBgof SEtipgdNAND ar chi t ect ure
floating gate nenory. devi ce of,claim 30, erein. the architecture

i ah merory. dev o@ Ahalkyah o i, whetsipepch werddiok it eoupistp 81 e
transistor when the preghassfa RRCMhOAsANBIZRE Néhdrgdsiss;are applied to the
sel ected nunber of strings. 34. A system conprising: a host coupled to a

Fl ash menory devi c@ plumalityof hitlings, whegein eaghhitlipe decoupled te a dpnin alestirsh  NAND
architecture nenory a”?%aﬁ%éjm%oﬁ{ceh%ﬁﬁe Ol%lgg_ﬁ,l gate tub having a
ry ce I'n rew

plurality of floating gate S arrange 26 and colums and
coupl ed into a pl uatleadtynebosie linkgwherainthe atdédst ynecfourve e lis svapled ther ei n each
word line is coupled to one or nmore .gates of a row.of the floating gate

nmenory cells; a plurali fQUre§o lﬁi‘tiﬂ?ég",?g H%%P’émﬁ%%?glk?fﬂ‘? PYRErGs&ngSupl ed to a

drain of 2 first bhiRaih i FdhedRIpaNiGak hifeBeoBllc ARREnaRE Loage 2t | east

one source line, wherein the at |east one source |ine led {0 a
source of a last floati oy theeetdeastemesybstrate/ tutpfo ppecharge avhasned inthegs;  wherein
the Flash memory device |5 3081, d & MR SulmRiSR G G©!  20°
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.
35.  The system of claim 34, wherein the host is a processor.
36.  The system of claim 34, wherein the host is a computer system.

37. A Flash memory device comprising:

a2 NAND architecture memory array formed on a substrate tub having a plurality of
floating gate memory cells arranged in rows and columns and coupled into
a plurality of strings;

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



on the at | east one substrate tub to precharge a channel in the plurality
of strings of floating gate nenory cells; and wherein the Flash nenory
device is adapted to programa selected floating gate nenory cell of each
of a sel ected nunber of strings of floating gate nenory cells by applying a
gate programming voltage to the gate of the selected floating gate nenory
cell through the coupled word line a by applying a sel ected program

vol tage or a . program inhibit voltage through the coupled bitline. 35. The
system of claim 34, wherein the host is a processor. 36. The systemof claim
34, wherein the host is a conputer system 37. A Flash nenory device

conpri sing: a NANDofia tast fleating getemesmmory cell ofpnefoomuoeelstingsa substrate tub

having a pluralit f flpatin ate nory, cel.ls arranged in rows and
col umms and c&dﬁ?"éﬂ?‘?’ﬁ?ﬁlﬁnﬁa& etvy?ﬂgﬁ“’é’{q‘? ﬂﬁ’gﬁtﬁ“&'ur ality of word lines,
wherein each Wohéhnk fdi‘%rdémﬁﬂnﬂiﬁ £ibldcRd TMARY gdt®MRmBAL @&l dffeactPofladiéleted t he

S

floating gate nmenory cCells; a plurality of bitlines, wherein each bitline is
coupl ed to a drai nnamber afisirings pf Beating gategaareonieells; gndel | of one or nore

coupl od to o SapRerEpRolshiduiRfe s MG foddd e naRel OB SR | T 2

strings; a nmeans f e¢leagphuhieg ofistingcoffiaatngy gite agmooyncdilse substrate tub; a
means for programring a selected floating gate nenory cell of each of a

sel ected nunber of strings of floating gate nenory cells; and a neans for
program iyghi big i oating gate nenory cell of each of a

sel ected jr?ijnbéhﬂ%ogﬁﬁ gsh@?iSifnPbati ng gate nenory cells. 38. A nenory array
conprising: assbdtmte;ate; a floating gate nenmory cell forned in the
substrate tub;

s 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 array is adapted to precharge a channel in the floating gate memory
cell with a precharge voltage on the substrate 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.

39.  The memory array of claim 38, wherein the substrate further comprises a substrate

tub formed in a substrate.

40. The memory array of claim 38, wherein the floating gate memory cell is one of a

plurality of floating gate memory cells arranged in rows and columns.

41.  The memory array of claim 40, wherein the plurality of memory cells are coupled
into a plurality of strings of 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.



a word line coupled to a gate of the floating gate nmenory cell; a bitline
coupled to a drain of the floating gate nenory cell; and a source |ine
coupled to a source of the floating gate nenory cell, wherein the nenory
array is adapted to precharge a channel in the floating gate nmenory cell
with a precharge voltage on the substrate and programthe floating gate
menory cell with a floating gate progiﬁan’m' ng voltage on the gate and a
program voltage or a programinhibit ¥oltage that is selectively coupled to
the drain. 39. The nenory array of claim38, wherein the substrate further
conprises a substrate tub fornmed in a substrate. 40. The nenory array of
cl ai m 3842. wheTheimerhdry afrap af ¢lain b twherstmthedraie bf the Sirsifloatidg gate memorl i ty of
floating gate ry cells. arranged in ro and colums. .41, The nenory
array of cl ai%ﬂg’g?amqfﬁ’ﬂgn%gﬁ?%wv s ischopPlpd (Qp fraingelectgal® ed into a
plurality of (dnkisid@andihe Y5IHRE ¥f thE Al Matifly fAIEmbOR) dels Balipled ROy Cells in
each string serially coupled source to drairn, where a drain of a first

fl oating gat esoureeselest gatsitrangiftopach string is coupled to the bitline and a

source of a final floating gate nmenory cell of each string is coupled to
the source line. 28 42. The nenory array of claim4l, wherein the drain of

the firs43.f| optfel @n@§latragrof®laitn 45 wWhefdin he@iensdry aftgy Rfadbptedio prech@fle@ menory
cells is coupled to a drain select transi stor_and the source of the

final flost aensl & aeiesied soana ofie Seivg aare repmaory Sells wieh e PEshargsy o

transi stor. J r Eﬁhﬂi | ray is
adapted to pﬁg)(l:tﬁ {gneﬂg%sﬁg%naéﬁ?ﬁjo se é(;@(l:e:%eg %ﬁf‘%&%@tﬁh"gyﬁ%‘ﬁg gate
menory cel | s stiigwith theatgiregrgmminpidlageomthetgate of tiiesteleated floatng gatepr ogr am a
selected floatin e nory cell of the string w.th fhe gate.programm ng
vol tage on tHﬁelﬁgp’%gtfnﬁgo@é‘%ﬁ?lweﬂﬁafo%'% tv‘ﬂ’@ﬁ% t'égF Fctﬁﬁ a program
vol tage or a d%h%&?dﬁhb'&?dhbbfth&%@lﬁ@tiﬂg"@?e?ﬁn&@&ﬁfoﬁﬂmecﬁ@%@d to the

o]

drain of the first floating gate nmenory ce the selected string. 44. The
menory array of claim4l, wherein the nenory array is adapted to couple a

44.  The memory array of claim 41, wherein the memory array is adapted to couple a
pass voltage to the unselected floating gate memory cells of a selected string of

{loating gate memory cells.

45.  The memory array of claim 38, wherein the memory array is adapted to remove the
precharge voltage of the substrate 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.

46.  The memory array of claim 38, wherein the memory array is adapted to remove the
precharge voltage of the substrate after asserting the gate programming voltage on
the gate and the program voltage or the program-inhibit voltage to the drain to
program the floating gate memory cell.

47.  The memory array of claim 46, wherein the memory array is adapted to remove the
precharge voltage of the substrate after the gate programming voltage has been

asserted on the gate and reached a selected voltage level.



pass voltage to the unselected floating gate nenory cells of a selected
string of floating gate nenory cells. 45. The nenory array of claim 38,
wherein the nmenory array is adapted to renove the precharge voltage of the
substrate before progranm ng the floating gate nenory cell by asserting the
gate progranmm ng voltage on the gate and the program voltage or the
programinhibit voltage to the drain.,##6. The nenory array of claim 38,
wherein the nmenory array is adapted t6 renove the precharge voltage of the
substrate after asserting the gate programm ng voltage on the gate and the
program voltage or the programinhibit voltage to the drain to programthe
f 1 oati ngd&at eA AN ynanedry arrdy;, coffipesingnory array of claim 46, wherein the

menory array iS.agapt .0 renove the. precharge voltage of tge suhstrate
arterthe gartosREBTeLinels F ey S Baafed i i any et ahd S telt
reached a sel ect edntoql plavdBtyl TR ings fdtmed 8n a Aubt¥fide; menory array, conprising: a
plurality of floating gate nmenmory cells arranged in rows and colums and

coupl ed i nt o plugglityrafiwargd lipes, sthefeinenach wiordbliness couplediorong oemoge gatesofl i ty of
word |ines, wherei L L ' ed to one or nore gates of a row
of the floating gaﬂ[}gm%&g’gklggg%é%ﬁ?a sfty of bitlines, wherein each
bitline is coplhmiityef bitlidesa wherein each bitlie it cagiedtg a dysih of afiry flpatirey | of one
or nore strings; at |east ong gource line, wherein the at |east one source
line is coupled t@af BEmPFLelOf one priueresIWESi ng gate menory cell of one or

nore strings;atask GleRohrds LMW Re Yt Rhdt e boureiBR!ig Bodpledt8 dRb&c@ Prechar ge
voltage on the substrate to precharge a channel in the plurality of strings

of floating gate ofedest{loating gate memionpeet of one ¢ranoueisDingsinory array i s adapt ed

number Jof st rVIGEAge MM S ARied s RETR o Efote ShroBRN, MinBs STEC

programm ng vol t agabitaatd loeréhbge @fchidirl in the plurality of strings of floating gate

(

memory cells; and

wherein the NAND memory array 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.

49. = The NAND memory array of claim 48, wherein the substrate further comprises a
substrate tub formed in a substrate.

50. The NAND memory array of claim 48, wherein the NAND memory array is
adapted to remove the coupled precharge voltage of the substrate before
programming the 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.



selected floating gate nenory cell through the coupled word Iine and by
applying a selected programvoltage or a programinhibit voltage through

the coupled bitline. 49. The NAND nenory array of claim48, wherein the
substrate further conprises a substrate tub fornmed in a substrate. 50. The
NAND nmenory array of claim48, wherein the NAND nmenory array is adapted to
renove the coupl ed precharge voltage $6 the substrate before programm ng
the selected floating gate nmenory celt¥ of each of a sel ected nunber of
strings of floating gate nenory cells by applying a gate progranm ng vol t age
to the gate of the selected floating gate nenory cell through the coupled

word |ingl, anThdiNANE YOy @rayf elih 48 prieaéia the NMANDIReRbrytary@gr am i nhi bi t
vol tage through the coupled bitline, 30 51. The NAND nenory array of claim

48, wherein t#apiAteremays e coupleg presharae peltage obthe substratoralisr applpngtiepr echar ge
vol tage of thg : | M ] |tage to the
gate of the s%tigl{a g}c?&?] !uggt% |Bn cégta% %&%%J%gc@t@%ﬁﬁ%@%%n%gmy array of
claim51l, wherein the NAND nenory array is adapted to renove the precharge
vol t age t ate after the, e ., pr.ogr ] vol t age has been

appl i ed g% t@%ﬂ@i‘?@ﬂ@%@@%ﬁ@&%ﬁdﬁ‘#ﬂg oy ®and has
reached a pregpbRd M RAthvE thd freshat R Rl tagedT thel B st Bt dFRRDgae array of claim
48, wherein the NAND nenory array is adapted to selectively adjust the

prechar ge vol pragempfing Meltagahes beenapplied to the gate of the selected floating gate

memory cell and has reached a predetermined voltage level.

53.  The NAND memory array of claim 48, wherein the NAND memory array is
adapted to selectively adjust the precharge voltage of the substrate.



