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TECHNI CAL FI ELD OF THE | NVENTI ON The present invention

rel ates generally to non-volatile nmenory cells and in

particul ar the present invention relates to flash

menory cells. BACKGROUND OF THE | NVENTI ON Menory

devices are available in a varlety of styles and
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transistors can be erased to restore the threshold voltage of the transistor. The memory
may be arranged in erase blocks where all of the memory cells in an erase block are
erased at one time. Such non-volatile memory devices are commonly referred to as

flash memories.

The non-volatile memory cells are fabricated as floating gate memory cells
and include a source region and a drain region that is laterally spaced apart from the
source region to form an intermediate channel region. The source and drain regions are
formed in a common horizontal plane of a silicon substrate. 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. For example, a gate oxide can be



isolated fromthe other cell elenents by a dielectric.
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S, arrays, as we as their fabrication
and architecture. Such nenory cells can use
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maintaining random access capabilities. Due to the nature of FN tunneling, the
memory cells can operate at relatively low power consumption. Additionally, because
of the low power consumption of FN tunneling compared to hot-electron processes,
many, e.g., thousands, of cells may be programmed or erased in parallel. While parallel
programming and erase operations are suitable for large blocks of memory cells, cells
may be programmed or erased individually while still facilitating a smaller cell size

than a typical electrically-erasable programmable read-only memory (EEPROM).

For one embodiment, the invention provides an array of floating-gate field-

effect transistors. The array includes two or more columns of the floating-gate field-
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i ncludes an array of non-volatile floating-gate nmenory

For still another embodiment, the invention provides a non-volatile memory
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device. The memory device includes an array of non-volatile floating-gate memory
cells arranged in rows and columns and control circuitry for controlling access to the
array of memory cells. Each column of memory cells shares a source and a drain, the
source and drain for a column of memory cells being contained in a first well
associated with that column of memory cells. The first well associated with each
column of memory cells is isolated from other first wells of other columns of memory

cells. Each first well is overlying a second well in a many-to-one relationship and each
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invention may be practiced. In the .
during various stages of fabrication in accordance with one embodiment of the

invention.

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 made without departing from the

scope of the present invention.
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the materials referred to as conductors. The following detailed description is, therefore,
not to be taken in a limiting sense, and the scope of the present invention is defined
only by the appended claims, along with the full scope of equivalents to which such

claims are entitled.

Finally, it will be understood that the number, relative size and spacing of
the structures depicted in the accompanying figures are exemplary only, and thus were

selected for ease of explanation and understanding. Therefore such representations are
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embodiment of the invention. Although specific potentials are listed in Table 1, it will

be appreciated by ihose skilled in the art that other potentials can be specified to create

the necessary voltage differential to exceed a threshold voltage of a target memory cell

during a read operation or to provide the necessary voltage differentials to facilitate FN
tunneling to add charge to, or remove charge from, the floating gate 116 of a target |
memory cell. As such, the various embodiments are not limited to the specific

potentials listed in Table 1.
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Appropriate potentials are generally in the range of approximately 5V to 15V for V1 and approximately
—5V to—15V for V2.

For Table 1, node 120, represents all word lines 120 for rows not containing the target
memory cell 1011;, node 108, represents all first source/drain regions 108 for columns
not containing the target memory cell 101;1, node 110, represents all second
source/drain regions 110 for columns not containing the target memory cell 1014, and
node 106, represents all first nodes 106 for columns not containing the target memory

cell 101 i1

As shown in Table 1, for one embodiment, reading the target memory cell
1014; of the array 100 may be performed by applying a read voltage Vwr, e.g., 4.5V, to
the word line 120,0f the target memory cell, applying a bias Vdr, e.g., 1V, to a first
source/drain region 108; of the target memory cell and detecting a current at the first
source/drain region 108y, or current or potential at the second source/drain region 110;.
The read voltage is some voltage in excess of the threshold voltage for the conductive
cell that will not cause a read disturb, i.e., a change of a data value of the cell. During
this read operation, the first node 106; of the target memory cell and the second node
112 are each brought to a ground potential. Remaining word lines 120, first
source/drain regions 108,, second source/drain regions 110,, first nodes 106, and the

substrate 102 are also brought to a ground potential.
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are brought to a ground potential. To program all memory cells of the array 100, the
word lines 120, are brought to the second programming voltage instead of the ground

potential and the first source/drain regions 108,, second source/drain regions 110, and
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Appropriate potentials are generally in the range of approximately OV to 1V for Vlo, 6V to 12V for
Vmed and 12V to 30V for Vhi.

For Table 2, node 120, represents all word lines 120 for rows not containing the target
memory cell 10151, node 108, represents all first source/drain regions 108 for columns

not containing the target memory cell 101;1, node 110, represents all second
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conductlve cell that will not cause a read disturb, i.e., a change of a data value of the

cell. During this read operation, the first node 106; of the target memory cell and the
second node 112 are each brought to a ground potential. Remaining word lines 120,,
first source/drain regions 108,, second source/drain regions 1105, first nodes 106, and

the substrate 102 are also brought to a ground potential.

As shown in Table 2, for one embodiment, erasing the target memory cell
101; of the array 100 may be performed by applying a first programming voltage
(Vhi), e.g., 16V, to the word line 120; of the target memory cell and applying a second
programming voltage (V1o), e.g., OV, to a first source/drain region 108;, second
source/drain region 110, and first node 106; of the target memory cell. The second
node 112, first source/drain regions 108,, second source/drain regions 110, and the first
nodes 106, are brought to a third programming voltage (Vmed), e.g., 8V, between the
first and second programming voltages. The word lines 120, are brought to either the
second or third programming voltage. The substrate 102 is brought to a ground
potential. To erase all memory cells of the array 100, the word lines 120, are brought
to the first programming voltage instead of the second or third programming voltage,
and the first source/drain regions 108,, second source/drain regions 110, first nodes
106, and second node 112 are brought to the second programming voltage instead of

the third programming voltage.

As shown in Table 2, for one embodiment, programming the target memory

cell 1014, of the array 100 may be performed by applying the second programming
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data Xﬁi}(ﬂ&h% the I?(?regoing description, programming and erase operations
were described with reference to the operation of injecting electrons from the floating
gate to the channel and the operation of injecting electrons from the channel to the
floating gate, respectively, these operations are exchangeable. Accordingly, memory
cells with a high Vt or non-conductive state can represent either cells in a programmed

state or an erased state.

Figure 1B is a block diagram of a non-volatile or flash memory device 160
in accordance with one embodiment of the invention. The memory device 160 is
coupled to a processor 161 to form part of an electronic system. The memory device
160 has been simplified to focus on features of a memory device that are helpful in
understanding the present invention. The memory device 160 includes an array 100 of
non-volatile memory cells. The memory cells (not shown in Figure 1B) are floating-
gate memory cells in accordance with the embodiments of the invention. The array is
arranged in rows and columns. The rows may be arranged in blocks and the erase
operation may be performed on a full block in a manner similar to conventional flash
memory. However, the memory cell structure and array organization described herein
facilitates individual erasure of selected memory cells independent of any block

structure.
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Figures 2A-2B are a planar and cross-sectional view, respectively, of an

array of field-effect transistors (FETs) in accordance with an embodiment of the

invention. The cross-section of Figure 2B is taken at line A-A’ of Figure 2A.

The array 200 of memory cells 201 is formed on a substrate 202. For one
embodiment, the substrate 202 is a monocrystalline material, such as monocrystalline
silicon. For a further embodiment, the substrate 202 may be doped to have a

conductivity, e.g., a p-type or n-type conductivity.
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TheldeEdnHivlell 212 has a top surface extending above the base of the isolation

trenches 204 and a bottom surface extending below the isolation trenches 204.

Figures 3A-3F are cross-sectional views of a portion of the memory array
200 during various stages of fabrication in accordance with one embodiment of the

invention.

In Figure 3A, isolation trenches 204 have been formed in the substrate 202.
The isolation trenches 204 are typically dielectric-filled trenches using any of a variety
of shallow trench isolation (STI) techniques. These isolation trenches 204 act as

insulative barriers between adjacent portions of the substrate 202.
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specific techniques are well known in the art of semiconductor fabrication.

In Figure 3B, first source/drain regions 208 and second source/drain regions
210 are formed. Although the first and second source/drain regions 208 and 210 are

shown to be in contact with the isolation trenches 204, they need not be.

The first and second source/drain regions 208 and 210 have a second

conductivity type different from the first conductivity type. For example, where the
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e second he second conductivity
fornteg petweenhe suEse ﬁfjthvxélllhs“%& Qozh%i the RagpmediPpsice ext endi ng
above the base of the isolation_ trenches 204

bot t e deapfossecoad ek dihis feraiedw Figwe P53 yndeshe %ﬂgéﬁ@ﬁ%s

the gcgﬁl’uqn tfegéhre§ §O4’3ﬁ’c§ Bn@EBbSHRSES  BEGE bR MDeVWSrAEd Ring a
tion of the nmenory arra 200 during various stages
deerolﬁnpﬂ@bpﬁ acthqui depaptspaeietWadee thigdidppraheeeinb ol s e of

secdnll %ondb QIIYV%?#}L Evérpwﬁérg H{e%ogﬁtg of §9 kl?stt \N@fl‘s $deabsnesm 204

éen tormed i n the su rate
electrical coupling below the 1solat10n trenches 204, formatlon of the second well 212

will serve to electrically isolated adjacent first wells 206 if the doping levels are
sufficient to form a layer having the second conductivity type in contact with the

isolation trenches 204.

The third dopant species 250 may have the same or a different impurity than
the second dopant species. For example, the first and second source/drain regions 208
and 210 may be formed with an arsenic-based impurity while the éecond well 212 is
formed with a phosphorus-based impurity. Similarly, the second dopant species 240

and the third dopant species 250 may have the same impurity but in a different form.



The isolation trenches 204 are typically
dielectric-filled trenches using any of a variety of

waebaklozssl rench i solation (STI) techni ques. ThRSEUS2003/027240
i solation trenches 204 act as insulative barriers

bet ween adj acent portions @f the substrate 202. WO
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species 230 nmy have or. _anot he
PpuFrta copod ey b prrend PeLE S et FuremEbee an
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208 ddd9b. wel I's 206 after formation of the isolation
trenches 204, such doping nmay occur prior to formation
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ntation of boron ions, the source gas my
deﬁ@drbotrwetm ihein@pshcen in Figmss 3D T”ﬁl@r%rrel pelseEs Sty arfié%leoxsréc
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regions, the tunnel dielectric 214 may further extend over the isolation trenches 204.

In Figure 3E, the floating gates 216 are formed. The floating gates 216 are
generally some conductive material capable of storing a charge. Conductively-doped
polysilicon material is commonly used for such floating gates. For example, the
floating gates 216 may contain an n-type polysilicon. For one embodiment, the floating
gates 216 are formed by blanket deposition of a polysilicon material, conductively
doped either during or following deposition, and patterning of the deposited polysilicon
material. The floating gates 216 should extend to be at least overlying the channel

regions defined between the first and second source/drain regions 208 and 210. For



boron tribrom de (BBr3) and solid boron nitride (BN).

O her dopant sources and specific techniques are well
w2132 t he art of sem conductor fabricati onPCT/IIS2003/027240

Figure 3B, first source/drain regions 208 and second

source/drain regions 210 ape forned. Although the

first and second source/drain regions 208 and 210 are

shown to be in contact with the isolation trenches
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first wells 206 have a p %sconductlwtg/ the first
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are covered in Figure patterned mask
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leastztﬁ 18ELLRGlntng 4 Ilﬂgtaf‘ Lffofr BfEeAfpleh@ie SoBbERIRate M 22 BuRbly
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word lines for the memory array 200.

CONCLUSION
Floating-gate field-effect transistors or memory cells, and methods of their
fabrication, have been described. One example of a use for such floating-gate memory
cells is non-volatile memory arrays and devices. A column of such floating-gate
memory cells are associated with a well containing the source/drain regions for each

memory cell in the column. These wells are isolated from source/drain regions of other



the isolation trenches 204. For one enbodi nent, the
second well 212 is formed using a deep inplant of a

wo hiord2depant speci es 250. The third dopant spRCT/ES2085@®7240
has the second conductivity type. Even where the
doping of the first wells 206 results in electrica
coupling below the isolation trenches 204, fornmation

of t Seco 212 will serve to. electrjcall
coninsioh s i Fat BRPeliEgp bhkien &S BoBpg FeSaish Ag el <
gateah@morg @élfsieith@h ah ndivddwal Badivyren albalk dt®ldch®agecond

conductivity type in contact with the isolation
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.1 sanme. or a diff urity than the second
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an arsenlc-based le the second well 212 is
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species 2 0 may have the same inpurity in a

of thy; ipyeatigmt It isgpanifeshly ipignded ozt @a@mmﬂpn:w lsiteberlphy S0
fol P EHANINE eqliMeriMmORE: dopant speci es 240 may utilize
%osphorus pentafluoride (PF5) dopant source while

the third dopant species 250 utilizes a phosphorus
trifluoride (PF3) dopant source. For a further
enbodi nent, the doping technique may vary between
formng the first and second source/drain regions 208
and 210 and formng the second well 212. For exanpl e,
the first and second source/drain regions 208 and 210
may be formed using a diffusion technique while the
second well 212 is forned by ion inplantation. The
second well 212, in conjunction with the isolation
trenches 204, further isolates first wells 206 from
each other. For one enbodi ment, the second well 212 is
formed after renoval of the patterned nmask 232 and
any sacrificial |ayer 234. For another enbodi nent, the
second well 212 is forned prior to the formation of
the first and second source/drain regions 208 and
210. Follow ng formation of the second well 212 and
renoval of the patterned



mask 232 and any sacrificial |layer 234, the tunne
dielectric 214 is fornmed overlying at least the first
wapa4dzsend source/ drain regions 208 and 210 apdr/ukm03/027240

channel region defined between them as shown in
Figure 3D. The tunnel diel %tric 214 is a dielectric
mat eri al such as silicon oxi’des, silicon nitrides or
silicon oxynitrides. For one enbodinent, the

What is dikinnglis.di el ectric 214 is grown on the surface of the
substrate 202, such as by thermal oxidation of
exposed silicon areas. For another enbodi nent, the

t | . dielectri. is d ited on th f f
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by bl anket deposition of a polysilicon material,

onduct jyvely dop ei.t her durin r. follown ]
2 Th poeY Pf ik gé@fff%@anaﬁtqrﬁgf laigy Diyiggein the first wells
aRAkNGlel FeRDeacABIRE itbart T1E sédoﬂé%eﬁﬁ%agﬁxg%sseg&ﬁi S ity
extend to be at |east overlying the channel regions
typefdifferdnideemderfishennidietityaype.second source/ drain
regions 208 and 210. For WO 2004/021362 17 -
PCT/ US2003/ 027240 anot her embodi ment, the floating
3. Tyauesy silfcliureharaneXticeer d18inbe, WeEihthd\@cbh®cdddnstvignd
second source/drain regions 208 and 210. For a further
bPspdapRasHe thedigsteopiectivgyitype. Fi gure 3E, the floating
gates 216 further extend to be overlying a portion of
the isolation trenches 204. In Figure 3F, the
4. Theateny afyBelddifettacinsistor2dBelais 8,0nteein oheefitsy Englutivdty type is
floatin ates 216 and.the cqonductive material 220,
 5rigot B TeaT UG e CORSCPHIERTR) BPe th B BbIFIcEnOs gty
The interlayer dielectric 218 is a dielectric materi al
such as silicon oxides, silicon nitrides or silicon
5. Agxgthiod of sheidng Fogicotiaie ofrb ottimmey cell ithan drretyenfragreory cells,
iel.ectric 218 is
comprising:
applying a first potential to a word line associated with the memory cell, wherein
the first potential has a first polarity;
applying a second potential to a first source/drain region and a second source/drain
region of the memory cell, wherein the second potential has a second

polarity;



deposited on the floating gates 216. Wile the
interlayer dielectric 218 need only cover the
wWOo bmab2see gates 216, it may further extend to PYEDE1083/027240

the isolation trenches 204. For another enbodi nent,
the interlayer dielectric 248 is grown on the surface
of the floating gates 216, such as by thernal
oxi dation of exposed polysilicon. The conductive
applyéng tle s22dhdgatentigintbai firsewsll betteinlRtbe fitst ¥ed sarbsd i al
or conductive conposite. For one exanpl e,
condLﬁf)PFC\‘?@r?/md%ﬁé@lf' il ysilicon material may be used.
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cont athaifing veellnatiad coupbyd tonlke Brsawpll ehrotigiea ENjdnaidny e
material 220 may contain a netal silicide |ayer, such
as tungsten silicide (Wsi 2), overlying a
TIRNAUEbE YEL NS O PRRLBiAl tHS kil ?%nﬁﬁﬁ?ﬁ ﬁl@%l{@x%ﬁa e
generally a dielectric mate d overlying t
scorrdlieateniial fseamegativf valtagewor d 1ine stack to act as an
insulator and barrier layer. Follow ng formation of
t he conductive material 220, the conductive materi al

P0methbe of Blabh bayRdreidithE G6k Ebﬁénﬁﬂlgs ddlint the rdnlge ki NY
gate 216 are patterned, suc etching, in a

PFEEHREH Y8 hetaY Wd Hhersseandi raigniial tSdVlﬂh?é theirange olel | s
%%E%E% %g\lg\g lines for the nenory array 200.

g oalng gate field-effect transistors or
menory cells, and net hods of their fabrication, have
been& cri bed ‘%‘? exampl.e of a use for, such
theome ﬁé GslpEn Revrsrgin the ikt pateriighisapprori maekdRor y
arrays and devices. A columm of such floating-gate

menory cells are associated with a well containing the
‘Bleumcdodobtlaim 8giugher dopmpresatgh  nenory cell in the

. Th N | at f
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columms of the array. FN tunneling can be used to

gro gram and_erase such floating- gate nmenory cells
inaieed efrsetingiadapio st premoroeelon aa apay kf sremsirp ewlls,

Al t hough speci fic enbodi nents have been
%%@Js%nlggt ed and described herein, it wll be

Apbriee h &ire goteyitidlhoaevarll line dssoaiayedskith theinferbdig callf wiidiéih
any arr enment, that al cul ated to achieve t he
same tﬁ‘ﬁ?’b%é’éteﬁﬁ?lh&éaﬁﬁﬁ”f "ied for the specific

SRR F8R0Rd potential to a first source/drain region and a second source/drain
region of the memory cell, wherein the second potential has a second
polarity;

applying the second potential to a first well containing the first and second

source/drain regions; and



11.

12.

13.

14.

15.

shown. Many adaptations of the invention will be
apparent to those of ordinary skill in the art.

wa\ecwanzhizoyl y, this application is intended to POWES20831§27240

adaptations or variations of the invention. It is
mani festly intended that this invention be limted
only by the follow ng clat and equi val ents thereof.
WD 2004/ 021362 PCT/ US2003/ 027240 19 What is clai med
f

?yélrilég él?éc{ @tyteﬁ)[ al H é)?etcbﬁ'@ v@ﬁtﬁldgﬂﬁhg g%c% tﬁ\]ilrr%llg w}}erelﬂ the

f | oateicond gali és cfdupled-t@ﬂfedﬁ:ﬂst welhrizosdhos BN jemtion and wherein

fielgleff ﬁ stor of colum sharing a first

sour L& H4F PWBWE@ %ﬁﬂx§d§@ source/ drai n region

with other field-effect transistors of that col um;

wherein the first and second source/drain regions of a
Tlm)math@d@if elagpriavhereinithe first ppiestialvie b negrdive ngltagefdndshe

(guctlv1 > d wherein the first well for each

8688? Refepia r‘%%?%ﬁé& vpﬂggﬁ.f irst wells of other col ums.

2. The array of floating-gate field-effect transistors

of claiml1, wherein the first wells are isolated from

Thewerthod 6 elaim 1pavbereip the Ses prgntillis within thyrangs e€ ond
OB P BLSLETl S BS54 B e o

mﬁﬁ@ﬂﬁhﬁﬂpﬁ@i@ﬂsvlaln12, wherein the second

conductivity type is opposite the first conductivity
type. 4. The array of field-effect transistors of

Thd AefRod of %g%q'l nwﬁé?@inft é dc[%%ﬂﬁ%i {s%bitt¥n rtﬁéﬁ@n#esof a

p-type conductiVvity an econd conductivity type
zmpmmnnmdy§weodﬁﬂduct|V|ty. 5. A nmet hod of setting a
| ogic state of a nmenory cell in an array of nenory

cells, conprising: applying a first potential to a

Twmgtﬂoﬁ%@cﬁﬁﬁqglﬁhﬁ&d@nﬁﬂhsﬁr@e nmenory cell, wherein
the first potentlal has a first polarity; applying a

am’éﬁngm d gpomdipicatial to agubstraie usdenlyeny e a¢oond @gilon and a
second source/drain region of the nenory cel
wherein the second potential has a second polarity;

A method of setting a logic state of an array of memory cells arranged in rows and

columns, the method comprising:

applying a first potential to each word line of the array, wherein the first potential
has a first polarity;

applying a second potential to a first source/drain region and a second source/drain
of each memory cell of the array, wherein the second potential has a second
polarity, wherein each memory cell of a column of memory cells shares first
and second source/drain regions and wherein each colurﬁn of memory cells
is formed in an isolated first well having a first conductivity type;

applying the second potential to the first well of each column of memory cells; and
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17.

18.

19.

20.

21.

WD 2004/ 021362 PCT/ US2003/ 027240 20 appl yi ng the
second potential to a first well containing the first
wapa4dzsend source/ drain regions; and applyi nBCHUS1903/627240
potential to a second well, wherein the second well is
underlying the first mell2§nd is coupled to the first
well through a PN junction.”™6. The nethod of claimb5,
wherein the first potential is a positive voltage and
appMing 88BN HoBAEARS A 8dcohd vRlINFaslelnBe ¥@dnagR:]l i undeiying
nmet hod of claim6, wherein the first potential is
wi t heashtfiet welhased lgs a sapqdgsendagtisiity trne different/ihgn ghe figst
secondcﬁoéept%pg is within the range of approxinately
-5V OB 8P The net hod of claim6, wherein the
third potential is approximately OV. 9. The nethod of

claim8, further conprising: applying a ground
Thowsthodat clagmal 5s wheeidbe fﬁ%@@ﬁf@?ﬁ‘@ aiReitive ¥olfrgesaf the
se]cgfnil p@temﬂlq?gng’ ati%?tvgl'td%. a logic state of a menory
ce of mernor

I'n an arra y cells, conprising:
applying a first potential to a word |ine associ ated

with the nory cell, rein the first potential has

The meptsd o5 Y Sossia OF o @oabhs HHTLHER A Y s
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egion of the nenory cell, wherein the secon

apmbrmatelly -hvso alSdecond pol arity; applying the second
potential to a first well containing the first and
second source/drain regions; and WO 2004/ 021362
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second wel |l underlying the first well, wherein the
second well is coupled to the first well through a PN

. grr]r?etﬂi(ljoocp o&qgﬂm{ﬁ?ﬁ%&r c&ﬂSrigiH.ézr d potential has the

econa pol ar
applying a ground potential to a substrate underlying the second well.

The method of claim 15, wherein the first conductivity type is a p-type conductivity

and the second conductivity type is an n-type conductivity.

A method of setting a logic state of an array of memory cells arranged in rows and

columns, the method comprising:

applying a first potential to each word line of the array, wherein the first potential
has a first polarity;

applying a second potential to a first source/drain region and a second source/drain
of each memory cell of the array, wherein the second potential has a second
polarity, wherein each memory cell of a column of memory cells shares first
and second source/drain regions and wherein each column of memory cells

is formed in an isolated first well having a first conductivity type;



22.

23.

24.

25.

26.

217.

28.

11. The nmethod of claim 10, wherein the first
potential is a negative voltage and the second

w@oioentided is a positive voltage. 12. The net hpdr/v§2003/027240

claim1l, wherein the first potential is within the
range of approximately -5V,t0 -15V and the second
potential is within the range of approximtely 5V to
15V. 13. The nethod of claim 11, wherein the third
applyeiy thalsedshdokdnitil fohRe fiRPGR1 Ok cadidhtth BRI rPIsOand
15V. 14. The nethod of claim 13, further conpri sing:
2RBIYIRG mbin Rpteiisliqroteernd welltwheseis dhs sacand wah deurddgilpipg
t he I ; thad of setting a logic state
of arcech B AL wheien e BRCR8 S & abote Sty Bk
col untifferenhanmettefnet abwtvelyRgpe AIRkYdrs@a tBe fHiiSJotential has
potenﬁlal tg each word line of the array, wherein the
firstPpeiceRe PRlarihas a first polarity: applying a
second potential to a first source/drain region and a
second source/drain of each nenory cell of the array,
Thivenashed ohdaise? brwhepsin et firat pdtagtia isenapadve peltaae ahd the
Sg/noereirt} %]%gh rrengrvé cell of a colum of nenory cells
FRdRotntakis 2 BASHVE ¥R sour ce/ drai n regions and
wherei n each colum of nenory cells is forned in an

i solated first well having a first conductivity type,;
Thgprsthegof ¢leiny 23 orvftrgin therthird poteatialtie approsimatey kqed to the

E%g of menory cells; and WD 2004/ 021362 22
s pﬁé@%ﬁ@?oz724o applying a third potential to a
second well, wherein the second well is underlying

ach first well and has a second conductivity type
Tae rpdhchef dlpam22.rreherain ghe firsiapriential 15 wighin yiyerangsof The
BEloRREOk -§4abT reln st | potential is a
aposi ti vefyvol t agleﬁg%rgi"ftﬂgg?&o&&ﬁéﬁe&%ﬁ%@é&ﬁﬁ%ﬁqeiry% of
appwatmately\bdl tcafd/. 17. The net hod of claim 16, wherein
the first potential is wthin the range of
The method of claim 22, wherein the third potential is within the range of

approximately 5V to 15V.

The method of claim 235, further comprising:

applying a ground potential to a substrate underlying the second well.

The method of claim 21, wherein the first conductivity type is a p-type conductivity

and the second conductivity type is an n-type conductivity.

A non-volatile memory device, comprising:
an array of non-volatile floating-gate memory cells arranged in rows and columns;

and



29.

30.

31.

32.

approximately 5V to 15V and the second potential is

within the range of approximately -5V to -15V. 18.
wab@4oeshnd of claim 16, wherein the third potReCt/Us1003/627240

approximately OV. 19. The nmethod of claim 18, further

conprising: applying a groggd potential to a substrate

underlying the second well #720. The nethod of claim

15, wherein the first conductivity type is a p-type

: ] pe is an

C§f¥€%§5%%¥5%3??§?¥§2%%§$§§ﬁﬁ%?ﬁ§gHﬁ %§%%¥?%%’a | ogi c
whtratnecaoh calnmax sfayerndryweliosharesel dosrcerandragirainj the sowse amdl

col umms, .the et hod conprisipg: applying a_firs
ot SiRIEHEr f g0l hBrEopicrl: Biing ABRAERT & R ¢ he
fi 1 sisspQhtetwim that@Burf f hehoRodeliki ty; applying a
second potential to a first source/drain region and a
wharedrite Sistired) agpepiaied with eaahhcakwig oy meaidry ofllstik soktaddyom
wherein L he sgc otential. h a second polarity,
mher@#%réggweﬁ%%%%§&€8qnngfﬁém%6pyﬁﬁﬁ%f menory cells
whdéraiesich ififs twelltip dva®anng sceond eelldh airadyegl @R gelatichship;
wherei n each col unm_of nmenory cells is forned in an

whersincragh first wall Tygs ) firpippn ettty ityRes 2Bdnduct i vity type;
wM@ei%Otgél /s&,%?]g Q\?el]]%%s Bgﬁog§%?$§c%&gt§ ?ﬂ)e@ﬁﬂl&@éhﬂggﬂﬁ Fh% first,

second potential to the of eac um  of
menoeondoetivis; typend  applying a third potential to a
second well, wherein the second well is underlying
each first well, wherein the second well has a second

TEORANG b Tetfe h¥R&evRE bf BLERD8 I DR ch sdutte and drain has an

conductivity type and wherein the third potential has
ntype cvadenivityotha firstywelld haverh p-typs ¢roductfivigl anidrth@decond well

hmhqu'n t he fh{ t potential is a negative voltage and
PrRE SSSR%ﬂB tehtial is a positive voltage. 23. The

nmet hod of claim 22, wherein the third potential is

approxi mately equal to the second potential .
The non-volatile mémory device of claim 28, wherein the first wells are isolated

from each other by isolation trenches interposed between adjacent first wells and by

the second well.

The non-volatile memory device of claim 30, wherein the second well is underlying

and in contact with the isolation trenches.

A non-volatile memory device, comprising:

an array of non-volatile floating-gate memory cells arranged in rows and columns;
and

control circuitry for controlling access to the array of memory cells;

wherein the array of memory cells comprises:



24. The nethod of claim 22, wherein the first
potential is within the range of approximtely -5V to

WO 1®Vozn3ek t he second potential is within the re@myesmwh3/027240
approximately 5V to 15V. 25. The nmethod of claim 22,
wherein the third potenti al 5|s within the range of
approxi mately 5V to 15V. 262 The nmet hod of claim 25,
further conprising: applying a ground potential to a
Subs bR URREEE YR8 é&ﬂs peeap d £y s'ourc%F ralﬁ fﬂ@%/&?&
of claim21, wherein"the first conductivit I's a
p-type co Achoot] |svmmy/draan¢gtdmda®eaibw@amdm1banm ' lfnrgt weylpe

is annt Vit 8. A.non-vol
tovt oo CERSRRAME nt'diticoBifn, YBATH YRLAH 1l TROSha
floating- @ametherﬁm &bﬂuﬁﬁd Ha$ aafrgtafa»g@&btivﬂ ANk first and

col ums; and WO 2004/ 021362 PCT/ US2003/ 027240 24
control cPeBHspYIce/graintpgions hryhe seroneé sendustivitetyae r ay

of menory, skt%%heméﬁ{goglau&%@ttﬁgé um of menory C_eI I's

shares a sburce an 'source and drain for

a cohuetondfcolmmpofymeablyseliehagng afiraisogdeidihif rdgidnsdnd a
wel |l associated with that column of nenory cells;
wher ei n t FEFop(l peyrcq(drain gindpigrally sppeed apartin & dirsi wellof

menory Celaés%cfaﬁad'\%% ﬁﬁ%%gcofnfigmun% BHerdih iRls @f\!\/él? Rciated
ot her columns of nenory ce erein eac ? ?ﬁe
i s overl yiwiid the ssood dolwminlhas theaﬁmtarrmdtmmny&ype and the first
rel ati onshi p; w&ere each fi V\@ a first

conduct i v i tcohl SofidaG Rt alont Rs Beesiad enductinty woe

second coe?lgg‘s tbyﬁetﬂrsgwﬂgugi\fnfng,ﬁ@t than the first
conduct i vi type. . The non-vol atile nenory device

of cwéimmm@e fmsté)oénm elaoemeygetle aaqh theckeadmd dohisnmof
Continet 1 vk Sl kB b ek pe B it

conduct i Vdie]bctri&nafEﬁ@l ah@by\e@l de gin BB EqY v&%@l\ﬂa@ﬁlgqﬁe

claim?28, wherein the first wells are isol ated
second conductivity type.

The non-volatile memory device of claim 32, wherein each first and second

source/drain region is in contact with the interposing dielectric material.
The non-volatile memory device of claim 32, further comprising additional
columns of memory cells isolated from other columns of memory cells by

interposing dielectric material and by the underlying second well.

The non-volatile memory device of claim 32, wherein the first conductivity type is

a p-type conductivity and the second conductivity type is an n-type conductivity.

A method of forming an array of non-volatile memory cells, comprising:



37.

38.

39.

40.

fromeach other by isolation trenches interposed
bet ween adj acent first wells and by the second well.

W@ 10040s6n0n- vol atil e menory devi ce of cl ai m 3BCT/US2003/027240
wherein the second well is underlying and in contact
with the isolation trenchegZ 32. A non-vol atile nenory
devi ce, conprising: an array of non-volatile
floating-gate nmenory cells arranged in rows and

ferligiSleast a6 isoRitioh lenéHek Glh blibsuht control ling access
to the array of nmenory cells; wherein the array of
foreting ¢ few el kedyypsn paip\of Bohtep repges, wherein each first well

PCT{Hggg%g%gé%ﬁﬁgvﬁggﬁgfirst col um of nenory cells

havi ng” a sou tain region and a second
f&euhg e fiastabirceAgdio Fegidl #idad deyosdpsmedt/drpartgion imedch bt

well associated with the first coluyum, wherein }he,

£1 1 s tvoNe PDCRAY SReh AUTE SOURGEAIFALR Freid] 18 JRICHRBY Seprtied frgm its

fir Stasébgfé%stel:efﬁcf %uwéﬁgaiﬁ NELibh % ddfinetandMErm&BSOBshnnel

source/ dral n regions ve a second conductivity type
oppostgien tibwherest each saluct/idsint segiopdes aaecmdonoduwtiviytype

of memry cell aving.a first source/drain region and
a s@ggﬂémggﬂ}@@?ﬂﬁ&P&#F@&F%H¢FateralIy spaced apart
fhihifg hisE&Inawedll und%ﬁﬁag laad afcMiddd wilhehs ReRIAEN GehdHEs,
wherein the first well associated wth the second

col unvhekcis thensecoid well basribiesedonil condugpeitup@et he fir st

and second. source/ drain _regio Vi he. second
ragiaRaaroret DRI EE VefiBerf BedtiEe PRAEe B8R Rc Vi ¢y
fomag a\MyafifE Batk ReeddyifiStheG@hnsietdctigmory cells and the
second colum of nenory cells are isolated from each
formpiag alpniel gat evoplymieibe flartestdis:iagdnat eri al and by an

SossELyNGA o] 89 e SREQFIERBLALLIG
¢ f] the @0 ety

f ypg‘.% aé“o’l.ﬂ egﬁg%-cvo aet‘lp?éeﬂ tjr%\srmr y gd%a\?igce o% clal r%aSZ,

~Wwherein each first and second

The method of claim 36, wherein forming at least two isolation trenches in the

substrate further comprises forming at least two trenches in the substrate and filling

the trenches with a dielectric material.

The method of claim 36, wherein forming the first wells further comprises

conductively doping the substrate.

The method of claim 38, wherein conductively doping the substrate further

comprises ion implantation of a first dopant species.

The method of claim 36, wherein forming the first and second source/drain regions
further comprises conductively doping portions of the first wells to the second

conductivity type using a second dopant species.



41.

42.

43.

44,

source/drain region is in contact with the interposing
dielectric material. 34. The non-volatile nenory

waleaisoz136f cl ai m 32, further conprising additiPCEUS2003/027240

colums of nenory cells isolated from other colums of
menory cells by interposing dielectric material and
by the underlying second wefl. 35. The non-volatile
menory device of claim32, wherein the first
conductivity type is a p-type conductivity and the
second conductivity type is an n-type conductivity.
s mgthed pheaing #0.fvdtendim forating thepcanid wdhfurdiea¢dnh@ises a

ells. i.sing:, WD .2004/ 021362
RS o8 e B BRGS0 het T 1 sol at on
trenches in a substrate; formng a first well between
Tagch ﬁair of isolation trenches, wherein each first
Imethedof claim ¢ Liwhegsip thet thipl dppang seecigsds diffegena thanrtke
ILp.:region and a second source/drain region
S?ﬂﬂgggﬁg@%?g?é§mell, wherei.n each first source/drain
region is laterally separated fromits associ ated

Secﬂﬁ% §?urce/drain region to define an internediate

“& FsHive) OF PGy Re AR AWY HSeTHlatds Sreracsyiceldy, apmprisiRgigi on
f6@8ind aBRAAM 0 GG ileHitiek ih ¥ REbstAld (bR eefcﬂ‘%{bl&tﬂﬁ trench
first conductivity type, formng a second wel
undercoyiaimng aghele¢tric omteriabt with the isol ation trenches,

rein the. second |1 has the second canductjvity
LBty PG S R o s rESB TR § P Oty type
the chanalthd BeIaB6 tredcBEAIRGR) forRdld MYt YaIEHBVES] HAY
the tunnel dielectric; formng a control gate
over IPRiTRY ixofpdion|tsaeliesiy gate; and forming an interl ayer

] [ t - I.n ate and the caontro
oAy o R o b S D O R PER a e i Ry e
| eastfirstweellssokatdond condaahigs tyips oppesiteIbdfitsk 8dRiubitygpe
conpri.ses forq;ng at least two trenches in the )
substYIEFEn spr frsfnarten of the first avedls dsslatgrally separpied deam its
nate%&@kmk%&ﬂiﬂg¥&ﬁ&ﬁod of claim 36, wherein formng
the first wells further conprises conductively doping
cepruculy tdoping a portion of the substrate underlying and in contact with the

2

isolation trenches to the second conductivity type;

forming a first dielectric layer overlying a surface of each first well;

forming a first conductive layer overlying the first dielectric layer, wherein the first
conductive layer is capable of holding a charge;

forming a second dielectric layer overlying the first conductive layer; and

forming a second conductive layer overlying the second dielectric layer.

The method of claim 43, wherein each dielectric is selected from the group

consisting of silicon oxides, silicon nitrides and silicon oxynitrides.



45.

46.

47.

39. The nethod of claim 38, wherein conductively
dopi ng the substrate further conprises ion

w0 pplariser i on of a first dopant species. 40. TPeT/Dsi0hdeR7240

of claim 36, wherein formng the first and second
source/ drai n regions furthgg conprises conductively
doping portions of the first"wells to the second
conductivity type using a second dopant species.
PROAE DA 36 218 4B ISR}
claim40, wherein form %flgﬁg&@gﬁdm&el IOH&(I ?ﬂ
wﬁﬁ?ti\@@sd%pedn@brsﬂmn mpteriadeep i npl ant of a thi rd
dopant species. 42. The nmethod of claim41l, wherein
the third dopant species is different than the second
AppRotrosipegitasn, coApristhghet hod of formng an array of
non-vol atil e menmory cells, conprising: formng at
3 MREESSPRA@Nd sol ati on trenches in a substrate, wherein
a_di e ctri
R Ao e A0 Lourf A A BrcBel? oHEjip f TonVoldtne
substmereryt d&evacefcomptisesonduct i vi ty type bet ween t he
i sol ation trenches,. t ereby formng first wells
bet welHATEY nop: é(Pﬁ“*’“@r P Bt oReMPBeaNe drrargsddn sew sy andy
dopi ng a fdgighnd?Qhd | on and a second portion of a
surface of each of the first wells to.a second
conduenire] ¢igcuityypior ocpmnﬂhmgeadchg thithesarrayoofduahdryicells;
type, wher ei.n each rst %n of the first wells

i's | af s egclieqiupn p BeposhPrlisshanes a seuse apd & deashdhe

portion; Cs@ﬂﬂ:@@hdi Hﬁhﬂfcﬂ%oﬂﬁn@o%&&bﬂr‘ce‘% bEiIBE contained in a
substrate underlying and in contact wWwth

i sol ati on fislefelhessoqigied Néthsﬁb@mﬁ)@m@ﬂﬂmcmpw cta}'lsi ype;

of canier P b A PP RELbleR s B Fep Rl B Pod SIS 7

overlying 11;dfleted st otHd:leﬂneC\t/élllsCoﬂ cAlye lcoliMiR o8 Irr[érﬁd}y’ cells;
first . caonductjve |ayer |s capabl e of holding a

char geeT$1B LA HgsEwe @&YGT lying| asseepndewelhines maneta-ghag
the first rgﬁﬂ%ﬁfﬁ’ve | ayer; and

wherein each first well has a first conductivity type; and

wherein the second well has a second conductivity type different than the

first conductivity type.

A method of setting a logic state of a memory cell in an array of memory cells,

comprising:

applying a first potential to a word line associated with the memory cell, wherein
the first potential has a first polarity;

applying a second potential to a first source/drain region and a second source/drain
region of the memory cell, wherein the second potential has the first

polarity;



48.

49.

50.

51.

52.

form ng a second conductive |ayer overlying the second
dielectric layer. 44. The nethod of claim43, wherein

we@amh/oehsel ectric is selected fromthe group CcPOBUSI0051027240

of silicon oxides, silicon nitrides and silicon
oxynitrides. WO 2004/021365 28 PCT/ US2003/ 027240 45.
The nmethod of claim43, wh fein the first conductive
| ayer conprises a conductively-doped polysilicon
aﬂr}% 'a%' secéh% é/r\&ugi & ﬁﬁ@mven S¥shiBMg (BONRE hid Bond @
ssor, a non-volatile nmenory device coupled to

t he Qﬁﬁ@ﬁﬁamnegmmﬁmadn t he non- volatlle menory devi ce
conpri se

an a on: vo atile fl oating-gat .
bRy el paenFl knpsrond SEIER e B b G W ryine
cont fl e Gl & tdd iy c&ﬂﬂecp@)rthé ald W tReaSS s PNOuh&eonadniday
of menory cells; wherein each colum of nenory cells
shar ebemirsatiisl potehtial Hasdhe firgtpelarisbur ce and drain for
a colum of nenory cells being contained in a first
wel | associated with that colum of nenory cells;
THOB1cBida dtReihid7sihaveln the Siswodeadeband thind paehtiaiohuereaciof
menory cells is isolated fron1other first wells of
greates thapoir gave (oippsetidiaiele@Vi s;  wherein each first

well is overlying a second well in a many-to-one

rel ati onshi p; wherein each first well has a first
Tee Atbdedd oficlaimtagp@heitcthekidrdpatettiad issppoxdnatelyl 1/A g farst
second conductivity type different than the first
PeAdYct i vity type. 47. A method of setting a |ogic
state of a nenory cell in an array of nenory cells,

conprising: applying a first potential to a word line
Tas sothat efdtlaimt43, whereiretio fiystokdntial il evidimthe range of

approximately 12V to 30V, the second potential is within the range of
approximately OV to 1V and the third potential is within the range of approximately
6V to 12V. )

~The method of claim 50, further comprising:

applying a ground potential to a substrate underlying the second well.

A method of setting a logic state of a memory cell in an array of memory cells,

comprising:

applying a first potential to a word line associated with the memory cell;

applying a second potential to a first source/drain region and a second source/drain
region of the memory cell;

applying the second potential to a first well containing the first and second

source/drain regions; and



53.

54.

55.

56.

57.

the first potential has a first polarity; applying a

second potential to a first source/drain region and a
w@emanzizspur ce/ drain  regi on of the nenory cel PCT/US2003/027240

wherein the second potential has the first polarity;

WO 2004/021362 29 PCT/ US2003/ 027240 appl ying the

second potential to a first well containing the first

and second source/drain regions; and applying a third

aEEllyﬁTgt thél hecbﬁ’d Eotéﬁ@eﬂ 62 Wedohd wNamebilyih s eheSRSOWEN], Wallereih She
underl e first well and is couEIed to the first

vel | S@w@u@ﬂﬂ g crplediiecthe st sied thigheh @ PN jupetiomi r d
e e met hod of
BRATR R ecolfShelgtil s Al ik e §BrendlF, P
potentials are each greater than or equal to
appr oxi mat ely . The nethod of claimaA48, wherein
Kheansthod of %{neﬁ% “&erqns the SEF UM RARIEALIS §PosiiNg Vpitagst
. potential. 50. The nethod of claim48, wherein the
first potential is within the range of approximately
MVnettho(Bﬁ)N;laitrh‘iéi swhe ol thesse eontdi paitenitig] Wiwtithiim thehrengearige

of a 0 | CN'to IV and the third potential is
EWPFﬁf HQZ tﬂé@ of approximately 6V to 12V. 51. The

met hod of claim50, further conprising: applying a
ground potential to a substrate underlying the second
%Imﬁth@tofdalrreﬁqéwmCg@m’lﬁlng a logic state of a

<TERP ngound prRePy Bt bR THOR g felsPron C8HEC) oc o0

with the nmenory cell; applying a second potential to a
first source/drain region and a second source/drain

A engiled ofseiting 2 heie piptecd|ap argp oF Jiemgry $rdlssi@pel in rows and

ROLEN h%lmétﬁ’o@ccfrﬁﬁr%‘ing“’e' | containing the first and

second )

applying a first potential to each word line of the array;

applying a second potential to a first source/drain region and a second source/drain
of each memory cell of the array, wherein each memory cell of a column of
memory cells shares first and second source/drain regions and wherein each
column of memory cells is formed in an isolated first well having a first
conductivity type;

applying the second potential to the first well of each column of memory cells; and

applying the second potential to a second well, wherein the second well is
underlying each first well and has a second conductivity type different than

the first conductivity type.

The method of claim 56, wherein the first potential is a positive voltage.



58.

59.

60.

61.

62.

63.

source/drain regions; and WO 2004/ 021362
PCT/ US2003/ 027240 30 appl ying the second potential to

w@2@eozss2 wel | underlying the first well, wherkCTUS1903/027240

second well is coupled to the first well through a PN
junction; wherein the secoqﬂ potential is greater than
the first potential. 53. ThHe nethod of claim52,
wherein the second potential is a positive voltage.
Bt mdisd SEIAROS Diwieleth MeXdst paitiai B vilten 82 of
potential is wthin the range of approximately 12V to
perexiB@ely1RY wetdiYod of claim 53, further conprising:
appl ying a ground potential to a substrate underlying
the second well. 56. A nethod of setting a logic state

THe @&had sRYaiad STER®ieY coptisings r anged in rows and

colums, the nmethaod conprising: applying a first
3petvang 3 glourdpegelial i qubstrae Wgertlfﬁ%g Hiersggonddl-yi ng a
second potential to a first source/drain region and a
second source/drain of each nenory cell of the array,
THeanethod ebdhinn@browheraie ke fixkt @ndodtivity tyfe is mpatypy corelucgvity
ésgg‘a{les f]iggst and .second source/drain .regi ons and
P $eORLRARAUCHIY PO AREHEPY COMIUFYY s “f or ned i n an
isolated first well having a first conductivity type;
applying the second potential to the first well of
Aavthaifisatingf logiostaie afein| asray of thempppesiisrigrangsd maewpand
(F?xtentital ttﬁcﬁ second well, wherein the second well is
HBPS PR FORR TN wel | and has a second
ApNAReh Fivk bytehtif@o Bichi i@ Nine o &R artaie first
conduct i vi type. 57. The nethod of claimb56, wherejin
anpdying ¢ secopdpelaniiad|io p Sirst sprse/drajpregiomianga seggnd source/drain
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r angemeshoryaplis shdresafiet andlsvobridsoBW/drain regions and wherein each
column of memory cells is formed in an isolated first well having a first
conductivity type;

applying the second potential to the first well of each column of memory cells; and

applying the second potential to a second well, wherein the second well is
underlying each first well and wherein the second well has a second

conductivity type different than the first conductivity type.

The method of claim 61, wherein the first and second potentials are each greater

than or equal to approximately OV.

The method of claim 62, wherein the first potential is within the range of
approximately OV to 1V and the second potential is within the range of

approximately 12V to 30V.



64.

65.

59. The nethod of claim57, further conprising:
applying a ground potential to a substrate underlying

wo bwdsszisond wel | . 60. The nmet hod of cl aim56, PBUSIN3/027240

the first conductivity type is a p-type conductivity
and the second conductivitysbype is an n-type
conductivity. 61. A nethod of setting a |ogic state of
an array of nenory cells arranged in rows and

col ums, the nethod conprising: applying a first

tentl each rd line of the array; applying a
%BWH]OE@ECQI%% Eugt%arqqm@‘tﬂ%ur ce/drain region and a

E;Sl SALEGIo o 0F b@@aﬁ@ hie fn% th€ldcoRll welle array,
e?ielgrawl ea(?hedr(r)1=3n1)ryOceu g ch? of Cc)mam)ry cells
shares first and second source/draln regi ons and

B8 Pt 57 F i Sl PRV 5E v Bt BBt P op i

@ﬁ’d)ih)é ise@nl RenGREORH tpRtEM h-Hfpelcdndbt@iviyr st wel I of
each columm of nenory cells; 'and applying the second

potential to a second well, wherein the second well is
underlying each first well and wherein the second wel |
has a second conductivity type different than the
first conductivity type. 62. The nethod of claim 61,
wherein the first and second potentials are each
greater than or equal to approximately OV. 63. The
met hod of claim 62, wherein the first potential is
within the range of approximately OV to 1V and the
second potential is within the range of approxi mtely
12V to 30V. WD 2004/ 021362 PCT/ US2003/ 027240 32 64.
The nmet hod of claim62, further conprising: applying a
ground potential to a substrate underlying the second
well. 65. The nmethod of claim®6l, wherein the first
conductivity type is a p-type conductivity and the
second conductivity type is an n-type conductivity.



