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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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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
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S can use er - Nordhei'm (FN) tunnel i ng
during both program and erase operations while
mai nt ai ni ng random access capabilities. Due to the
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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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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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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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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 10143, 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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108 for colums not containing the target nenory cel
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programming voltage having first polarity (V1), e.g., 8V, to a first source/drain region
108;, second source/drain region 110; and first node 106; of the target memory cell, as
well as the second node 112. Remaining nodes, i.e., word lines 120, first source/drain
regions 108,, second source/drain regions 110,, first nodes 106, and the substrate 102
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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add charge to, or renove charge from the floating
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cell Bﬂﬁﬁg‘ﬁlﬁtr@a@éﬂeraﬁgﬁmirst 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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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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coupled to the control gates of the floating-gate memory cells. The bit lines are

coupled to the drains of the floating-gate memory cells.

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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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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such as diffusion techniques using gaseous, liquid or solid dopant sources. Examples
of dopant sources for the diffusion of boron include gaseous diborane (B,Hj), liquid
boron tribromide (BBr3) and solid boron nitride (BN). Other dopant sources and

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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as the second conductivity té‘ The second
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in the subst he pﬁﬁp 04 are
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exanyiM, vk thefirstSidls|208vhiiveanetype soldadtiviy, thSHhis) artde:cdfmd q u es.
These isolation trenc 04. act as insulative

SOUTgEAGrain £3edong gy éﬂa%ﬂr' Qﬁg%ﬁg Ftions of the substrate

202. WO 2004/ 021 027240 .1 Flr I 1
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i sol ati on trenches wel

the sy A dvtrar e i e artop fiate (8 Yl 2B Ty Bipost

to the BEBhY 86PaRSpb3Qlab] The pdtHEH mad0ZB2 thlﬁsweyﬁites A8 Yirst and
excessive depth of the first wells 6 c?n be ver come

secogd pouses/drip regians A8 Al 187ateRly @&8@?&? ppel 52

futu %&ﬁdr?@éil |A@§a%ﬁﬁ$1§1r(§d1cfé laﬁ?Zﬂﬁ&lo@ﬁe@groteBtle 1@Wr%a§$€ t he
irst wel 06 are fornmed by doping an exposed
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trenches 204 with a first dopant species 230 of the
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deep mmplani ofa th@l dopsniespecietd0f The thid dappRe tnegics o4 §As éheu s an
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, arsenic hosphorus (P) or anot her
elechrical coupling below the isolation 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 eecond 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.



type inpurity. As an alternative to doping the first
wells 206 after formation of the 1isolation trenches

w@eb4/0%136h dopi ng nay occur prior to fornmati onP@F/US1983/027240
isolation trenches 204. Doping is usually perforned

through ion inplantation tgchni ques. Dopant sources
for ion inplantation techniques are often
fluorine-based gases. For exanple, in the ion
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208 Hio16he first and second source/drain regions 208 and
210 have a second conductivity type different from

the ik ;gfbﬁqmdd oieesetonatvellPan a@d(@n@bﬁ,ofwiaqmerhm WO
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Q7 dr¥iR S SARADS hkdv210M dfﬁ@rchmelsreglf)nt he
IeaStst%r asi{c.:%xg%%tﬁgébuéubsrtlr a?g‘é 202 bet vveeﬁ i sol atjon

deﬁneﬂ@m\hersth@@zas sivoavncip Fisuea B yr Thyy tupns] diglseiair ddt sRIdeiqce

mate ﬁ"aéﬁll?c%h LEs, 2ol BtrfleS HGANDn oLIRBBEs. %961'1693 240
e appropri ate conductivity tﬁp 0§For exanp
&ce

emb\Mhmeet thh ennelelidertricVidde stofpion yhe sp ﬂmuhﬁ&agﬁp@ 1)
as b %ronll’]a(ii Odigﬁ%rllltofg %écﬁ%hc%ﬂ%e'ﬁ?sﬁﬁ gn&ﬁér%&%odlhﬁﬁpfﬂett%nep

ere the second conductivity type is a p-type, the
dlele&ermmd mj@pasmtd spévisegace2d Glehalsstrate BO2ylneadilitighyiq qoyering
er no n it £Gaps 208
e {35 Sl ) <Rlhs S0 R B AHE Bt A DS pR
regibr3Lihe ninAeltdivdectricr 2 nwgyl ﬂlﬂheZ Gﬁend:«mer 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



exanpl e, where the first wells 206 have a p-type
conductivity, the first and second source/drain
wo egiuorsenay have an n+ doping | evel. Porti onsPOf/Us193/027240

surface of the substrate 202 are covered in Figure 3B
by a patterned mask 232, typically a photoresi st
material. This patterned mask 232 protects the
surface of the substrate 202, and_ thus portions of the

anotifer prgbodigapntshofienting gates 2hQyEbgrextepdtofrovabinmihe §5h
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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



second wel|l 212. For exanple, the first and second
source/drain regions 208 and 210 may be forned using
w@2aihtsel on t echni que while the second wel |l 2BRI/1US2003/027240
formed by ion inplantation. The second well 212, in
conjunction with the isolati®n trenches 204, further
i sol ates first wel | s 206 fron1each ot her. For one
cond 212 is forned r.
conR bR B N i B oot i Sk Bprings
gatel iAytRery 238k.cith@onan aididdu shedirsantbuid delckoadd wel |
212 is forned prior to the formation of the first and
seconAlltisopt Qﬁélﬁf‘, ainlbodlﬁl@ht@ Ih|S\|Ie b%&siuanghtealaad dEslhhbﬁﬂl\lildﬁfgn
rmati on the s |1, 2 a renoval of the
s piseed s e S5y AR i A g emers et ¥ he

calcularaed adhiedt @@lsirh€ perbdsel hayf K2/ sTBinAME] tht Beciiic enitR@dents
the first and second squrce/drain regions 208 and 210

showprgMappadapiafiensiof thegnsrtioywill bregpyettie Brse ferdingy sHHwm

the A KéQbdifoly3 his Jﬂ}ﬁcﬁt%ﬁ@intéﬁﬂ@d t@féb'vér GnyPadplafio or variations
dielectric mterial such as silicon oxides, silicon

of thé ipyengiens Iis manifeglyrintendpdithat fhiviayvertion behmitedamiphy thent |
foumgguaﬂ&%d@@ﬁbﬁ&&m&egfﬂ i's grown on the surface of
he substrate 202, such as by thermal oxidation of

exposed silicon areas. For another enbodi nent, the
tunnel dielectric 214 is deposited on the surface of
the substrate 202. In addition to covering the first
and second source/drain regions 208 and 210 and their
i nterveni ng channel regions, the tunnel dielectric
214 may further extend over the isolation trenches
204. In Figure 3E, the floating gates 216 are forned.
The floating gates 216 are generally sonme conductive
mat eri al capabl e of storing a charge.
Conducti vel y-doped polysilicon material is commonly
used for such floating gates. For exanple, the
floating gates 216 may contain an n-type polysilicon.
For one enbodi nent, the floating gates 216 are forned
by bl anket deposition of a polysilicon material,
conductively doped either during or foll ow ng
deposition, and patterning of the deposited
polysilicon material. The floating gates 216 should
extend to be at |east overlying the channel regions
defi ned between the first and second source/drain
regi ons 208 and 210. For WD 2004/021362
PCT/ US2003/ 027240 17



anot her enbodi mrent, the floating gates 216 further
extend to be overlying the first and second
W@ owrozI36r ai n regi ons 208 and 210. For a furt hBCT/US2003/027240

enbodi nent, as depicted in Figure 3E, the floating

gates 216 further extend to be overlying a portion of

the isolation trenches 2042 I'n Figure 3F, the

interlayer dielectric 218 is formed overlying the
What is dihigaldii6g gates 216 and the conductive material 220

are fornmed overlying the interlayer dielectric 218.

The interlayer dielectric 218 is a dielectric material

such _a 0 e ili.con nitrides or silicon
L. Mfﬁytoﬁ ﬂz%éng'&%? @%ff&?%ﬂ’i‘s CHNRISHE er | ayer
twlb 6f Botd ddturddSofithe fIOSRRSEAE HeletddPtrhdspddds NGcH %tel%seffect

216. Wile the interlayer dielectric 218 need only
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cond HEHiNe! hexing e figst copduetivitydspr:apA a singl e
[
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be used. Fbmever is nmore common to use two or
of ¢ ve materia h at . | east one
2 e ke fiqﬁé‘%ﬁ trgpsashal 3l viergintc st Well
afeQBslueh e £ ®fteRin ?grpbﬁ)éecoﬁe Rfegi vy %Psteé&ncfédddﬁét%y
| ayer, such as tungsten silicide overlying a
tm@ﬁﬁ@’@nw@mﬂeﬁpeucmugtmmtamw Iayer A cap |l ayer is
generally a dielectric material fornmed overlying the
conductive layers of the word line stack to act as an
3. Thaatthpbpfielarectihkis®is bPNEim 2 FohdroitRdset ohdedddabafy
t he conductive material 220, the conductive materi al
typeas opResits hedistappdutiviy é¥aes i ¢ 218 and the floating
gate 216 are patterned, such as by etching, in a
direction generally perpendicular to the first wells
4. TR érrap ofifiél i réfecivramdistorneclhiar 3 twiterea i firsacsmyic2al): type is
CONCLUSI ON Fugﬁtﬁag%%q%e fjeld-effect tran3|stors or
a pehype gonduridty and g BYSORCHRE type {4y 1-58ei coRdugkixife
been descri bed. One exanple of a use for such
floating-gate nenmory cells is non-volatile nmenory
5. Aginethpd of sadtinfes/Jogsstatg o€ e Imemrprp eld icdn drtayaifimemopatcells,
m»ﬂﬁx cells are associated with a well containing the
F¢e¥drain regi ons for each

applymg 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;



10.

menory cell in the colum. These wells are isol ated
fromsource/drain regions of other WO 2004/ 021362

WEMANB36D3/ 027240 18 colums of the array. RMCT/US2003/027240

tunneling can be used to program and erase such
floating- gate nmenmory cellsygither on an individual
basis or on a bul k or block basis. Although specific
enbodi nents have been illustrated and descri bed
dpphyehfihe sedonddotentigl taRiCwall echthiyiidghhs firsdhndsetondr y
skill in the art that any arrangenent that is

cal culCHfeHlris regionse9ed t he same pur pose may be

o . |
HERHE p HERboRlial 0% SOGE) 1l FIRIOR P cEng 300 Wondihie
of orttie fiastywedlkntlis couplddne the first Aet olirdiiglgh PN jthétion.
application is intended to cover any adaptations or
variations of the invention. It is manifestly
THH 8R08d of Bidtm 5N BerkAMBO P ?o&ﬁtﬁvm ?Eﬁtim&lta% ahdfhe
follow ng clains and equivalents thereof. W
200} PRABBER iSPARLWSR00B1a827240 19 What is clainmed is:
1 An array of floating-gate field-effect transistors,
conprising: two or nore colums of the floating-gate

Theehethell beelhinh banBdrsinQhé fir® peRenfialab dit@fnf @6 fange of
transistor of a column sharing a first source/drain

pEomatehts ¥ te bTbard thesaeens) ritential isewjitlon thei rergeovther
{pﬁé){;‘mﬁiegﬁ%vwgﬁ%} stors of that columm; wherein the
rst and second source/drain regions of a colum are
contained in a first well having a first conductivity
type; and_wherein the first well for each colum is
Hicopaibed of Figit pi Viagreifdhe thiggkpaigriiet iseppipmately)V.The
array of floating-gate field-effect transistors of
claiml1, wherein the first wells are isolated from
‘Bachetbbfiof clann fafutthénycenmeognd wel | having a second

conducti vi t different fromthe firs

Deatie e pplrBBet 2 syRRl padeASinetRe fegoRd ety
transistors of claim2, wherein the second
conductivity type is opposite the first conductivity
Aysshodqof spimgarlpgiy stote ¢f amgmery edt intanapgy of sresnagy cells,
é%n?ﬂrm&: wherein the first conductivity type is

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;

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

source/drain regions; and



11.

12.

13.

14.

15.

a p-type conductivity and the second conductivity type
is an n-type conductivity. 5. A nethod of setting a

wo o226t € of a nenory cell in an array of nMeEEDUS2003/027240

cells, conprising: applying a first potential to a
word |ine associated with the nenory cell, wherein
the first potential has a £irst polarity; applying a
second potential to a first source/drain region and a
' . : I .
AR (PR BT B e RO R oI BRI itcrcip the
WO 2¢04hdD 2B 62cdrpled WStk ORI doughDa BN Ghidtiog ahll vherein
second potential to a first Il containing the first
and @Sé}g‘ﬁ‘gpo@glﬂl B@@?é@%ﬂ@@gﬁ%; and applying a third
potential to a second well, wherein the second well is
underlying the first well and is coupled to the first
Theeinethod o algim d 0PMhgreindhé Grst pétentidles rmegative obltageadnchibs
vvheJ eitn tt he fi rstt po?tenti al is a positive voltage and
SePRU) PUERUM S HRITHE VRIS a negative vol tage. 7. The
nmet hod of claim6, wherein the first potential is
w thin the range of approximately 5V to 15V and the
Thewehed @épbﬁnilgi whegeijth fipst palentialrigwithin thepamge i mat el y
-5V . 5M . 8. f .m.Q,. rein t
T e BT A e L AT D L e
appr@dimatly Sund hev. conpri si ng: appl yi ng a ground
potential to a substrate underlying the second well.
10.. A nethod of setting a logic state of a nenory
r‘ y o . . | N
T mEirod o Dl o e I R s AR R 3 00
approtintatedy f€moA§Veel |, wherein the first potential has
a first polarity; applying a second potential to a
first source/drain region and a second source/drain

TEEHeMddf clallf lgﬁﬂﬁﬁhé’rcgc%ﬂrisiﬂg?ef ein the second

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

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;

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

18.

19.

20.

21.

pol arity; applying the second potential to a first
well containing the first and second source/drain

w0 egiorisp2 and WO 2004/ 021362 PCT/ US2003/ 027240PCR1S2003/027240

applying a third potential to a second well underlying
the first well, wherein th?|2 second well is coupled to
the first well through a PN7junction and wherein the
third potential has the second polarity. 11. The

apPyied teikd pbidhtial 10a sedsd e, Whereln the seqoti eyl idindeslydng
negati ve voltage and the second potential is a

posi edohdirgiovelhages hap2 sequnsl apaepestyitgtyrq different thapshs faish
t he fiaﬁti%gtgntial is within the range of
apprg%}ﬁﬁEe3§yP%V to -15V and the second potential is
within the range of approximately 5V to 15V. 13. The
met hod of claim 11, wherein the third potent] al ia
Thy sthedi 6laimnge WHereindhp fisstinoifntipl 1s g\popig ve BQjtage and e

: [ : her conprising: applying a
Sgr%%ﬁgwg%?gggpg%&ggVémg%bstrate under | ying the second
well. 15. A nethod of setting a |ogic state of an

Th RS LB FEFISG: DR BTy ARgAl RN et o
a}%ﬁﬁjﬂinﬂi’a? 5Wi {36159 addtBe ScbAY poth18é Withhahé kdngt of

otentia has a first polarity; applying a second
apmbematelly -39 ta-fM.st source/drain regi on and a second
source/drain of each nenory cell of the array,
wherein the second potential has a second polarity,

THE ${e@hd SR BT Whireeihk thitd Boteatidl idagfroXmarlyovel | s
shares first and second source/drain regions and

wherei n each columm of nmenory cells is fornmed in an
i sol at e LSt ' a. first conductivity type;
ﬁfﬁ' esli% Oncgoﬁﬁ%%ﬁlsleggg%@eggéﬁjgﬁglsla% to the first well of
apRlgheCodronind potentaing y subatrhe;undedyiOHR0R4sBPIEE 2
PCT/ US2003/ 027240
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;
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23.

24.

25.

26.

217.

28.

22 applying a third potential to a second well,
wherein the second well is underlying each first well

wa@pa4zse6n second conductivity type different PECEDS1008027240

first conductivity type. 16. The nmethod of claim 15,
wherein the first potential és a positive voltage and
the second potential is a tiegative voltage. 17. The

nmet hod of claim 16, wherein the first potential is
apblyih ihb RecnaN@eendhl toaRPAAX WIR TR EXCHRM1Bn SPMeARE LdI8: and
second potential is within the range of approximately
applying? thimhpotargial tprpeseaerchwell.ovhatiaithe sseondivel éi mdetiping

thir ential imately OV. 19 The nethod

of o1 oGl whleeARRE QLB el seostil 0Bt STk e
pot ertiffedent tham tieuiist doatiectivigeype/inigvhdreinSBe OMd pdintial has
20. The nethod of claim 15, erein the first

condUts PRI PPRFY i s a p-type conductivity and the
second conductivity type is an n-type conductivity.

21. A nethod of setting a logic state of an array of
Themoethod ef ¢1sina? t avigedn ithe fiswnsotamih] icohapatise vélhge ARl fred

conprising;. applyin first potential to each word

F59 pé’?ent“%!slsé'r&ég}/‘,ve&ﬂg?g& nthe first potential has a
first polarity; applying a second potential to a first
source/drain region and a second source/drain of each

Themprthodef ¢laist 22.tvehesgin the, thish @peehtialtih epwexiomdel p otnead to die
ond polarity, wherein each nmenory cell of a
S%%%ﬁﬁﬁﬁﬁﬁﬁgennry cells shares first and second
source/drain regi ons and wherein each colum of nenory
ells is fornmed in an isolated first well having a

Tie magthedopileien ¥4-tyhersip he fiag poenijab B1gigiain the range of
| 360272 ing. t ad potent j.al t
R AL R i R

of eac nenor
appekimaiglysd M tu ¥3xV.pot ential to a second well, wherein
the second well is underlying each first well,

wherein the second well has a second conductivity type
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.

different than the first conductivity type and wherein

the third potential has the second polarity. 22. The
woredohozizef cl ai m 21, wherein the first potentiBCT/US2083/027240

negati ve voltage and the second potential is a

positive voltage. 23. The thod of claim 22, wherein

the third potential is approximtely equal to the

second potential. 24. The nmethod of claim 22, wherein

of u | .

Oy B B g Bl o et al i s
whirtin each belumanafenahoryapibs sheiravat suyceSMdtaairdin\the 26urcd el

met hod. of clajm 2 wher eij ﬁ%{@lthird otential ..is
wi t b o5 calnms shmemey cslls heitg eoraveR B 4 Bt Vsl The
et hadoQhte8 MatnthaRolin 6M8EmeAN®RIIsSi Ng: applying a

gég_und potential to a substrate underlying the second

whesein, the First Pedl assacinserd with ecli enlpmn ofmesirn celksas fsokagad from
cond | Vi is a. p-type conductivity and the
secdﬁ%gbgﬁgﬁgﬁ%@ﬁ?§m¥§gp F§R§W:H¥Ff6g&conductivity.

wR&einfeadP fiirst O elll ik bOeERDA YecdBY e, in QARAHYL-SL NG relafio@hipay
of non-vaolatile floating-gate nmenory cells arranged in

Wheshin Al s aknkes a TR ORIty e 3B
wﬁ’«gfynlﬁg P%Q o/ettds a?sélco‘ﬁﬁ Qt)ﬁcﬂlcti%t{é etc{i%elfeﬁ{ thfuix tsh_e first

control i ng access to the array menory ce

wher enduetindgty typé.urm of nenory cells shares a source
and a drain, the source and drain for a colum of
menory cells being contained in a first well

TRSSALVALER M hbryidedice 6PLIMIN 28] wHEBRI Mk SbdrSs i 1BLiBIHAs an

the first well associated wth each col utm of nenory
n-tygiel conghactivaiy] the dustfwadimhavt hprtypd caiduoititysandfthosdeend well

hcolu_s og &Tegolg% cells; wherein each first well is

a&\?@l‘ﬂ}?ﬁﬁ WEEhd wel | in a many-t o-one rel ati onshi p;
wherein each first well has a first conductivity type;
an

The non-volatile memory 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:



33.

34.

35.

36.

wherein the second well has a second conductivity type
different than the first conductivity type. 29. The
woew4oidet i | e nenory devi ce of claim 28, wher ePerT/E82003/027240
source and drain has an n-type conductivity, the
first wells have a p-type %%nductivity and the second
well has an n-type conductivity. 30. The non-vol atile
menory device of claim 28, wherein the first wells are
i sol atrpet cofdn%%ﬁﬁ@ﬂlogg Q86 nVink 8 r&tshR eidrrﬁg‘f%én and a
i nt erposed between adjacent first wells an the
second web¢cond sourTeidraoregionl lateirdlly specrolrapartéw i diest ofell
claim 30, wherein th econd wel l. i s under]yi and
in cont ac?ssﬁciaﬁedt‘ﬁlhﬁ’g%rgtcp Il’rwé}%?’@??e fgrﬁt. X’ﬂli]gssomated
non- vol at ivlig tAEFedt KoReMi 126 a FEABRESIHIEy (ARt HABYHRL and
non-vol atile floating-gate nmenory cellS arranged in
rows and e¥lonfISUICC/drdn kg SRVE R pesend cgnduetivity type
control i C . t . f menory cells;
wherein t gpgs,?tgg@é%#sp%ﬁg?@ﬁ@gﬁéé conprises: WO
2004A62baa20RGETH &ISAGRSHARNRHEVING b fiastisbit/deh WEbrOdnd a
menory cells having a first source/drain region and a

second soSFOBf §PHrF dryiegivn laerLy spycegrpar dn afisst tvelln a
first wel Is i [ : [
the £t "oT Dent g sighil chltfo ieheif B il i efsa
first consthtthe sdopnd yplemarids theefiki caduaindty tggecamniche first
sour ce/ dr ai (gse%% i ons ve a secgnd onductivity .

|

. t,
opposi te fH 4 PO EHAE P EORS DR, ?S%FC’%EB’?\CH‘CE}S‘}/}E%W

of menory opelsits thaish@ndudtivigitysour ce/ drain regi on and
a second source/drain region P]aterally spaced apart

i n awhpiest thadirst cohmemef memdrywiellh and thesecaniccobwhmiof,
wherein t g wel | i ate i th the second
col um ha;sJn z Ty ? %1}Ssatre %88%2%%‘?%6? PO YA HROS I st
and secondieseuicCoadrial ahdheGinaiseNFng sédtdd SRIEIANing the

conductivity type . .
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.

opposite the first conductivity type; wherein the
first colum of nmenory cells and the second col um of
woreemny136el | s are isolated fromeach ot her by BEI/US2003/027240
interposing dielectric material and by an underlying
second well having the secpnd conductivity type. 33.
The non-volatile nenory device of claim32, wherein
each first and second source/drain region is in
f&ah@etleidt tho iRMtioRtRhARS g sabsehegt ri ¢ material . 34,
The non-volatile nmenory device of claim32, further
foreripg p $irsigvellesityeenreach Daib Pliisalation tARGHSS\Whesein gach first well
i sol ums of menory cells by
|nte?%%gpﬁgggﬁéiecﬁ¥6@£hateriaI and by the underlying
feedona finglsburcddraid Rgisiodirdvindeadid spuneiidrain rdgivn dreeanh f1rst

claim 32, wherein the first .conductivit
p- t y peele haest parndiyfstanprce/Henis sxgdontis Lyra ﬁ%ﬁ%&fﬁtﬁ ¥r9lalelts
i's ang ]gfallé%lesee ébﬁfde)"drglﬁ re%/lg to &fﬁﬁtatﬂqgteﬁflecﬁﬁé @hv%ﬂleﬁn

array of non-vo e nmenor s, conprising:
_2004/r«€;!26.13 621 RETTelS200 KGR avhin regﬁmﬂms Aisegpnatcohdztivity wype

i sol on t substrate; formng a first
mell%Hi q”b&@ﬁrﬁépw? VX &Pt i on trenches, wher ein
&G hisE&IndWedll undeAFing ahdl IS EorRRAHhithy isblatibi Benches,
forming a first source/drain region and a second

sour odredrinithe scegidbwell hasdhe heefond sondugdivity typRer ei n each
i r.st _sour in reagi arated from
f?’:(n%mg gi fgiegea i ﬁgmgg ure t £ ‘!f; gﬁla%n?%rgeggﬁ to define

féiinihBb gloABAE ghe oﬁ&aﬁﬂgthe il am@n@l: wher ei n each
source/drain regi on has a second conduct|V|ty type
fornping peantrelreate oYralyingtae flegmasgats vty type; for i ng a

f(?Iglg F‘l EQn \fﬁlﬁz{la}}éﬁ] gﬁe’iéc}t’ﬁ &9} t'h@ {1%9@1{5?%% © gﬁ%e rol

tron trenc ereln
‘second conduct|V|ty type; forn1ng a tunnel dlelectrlc

verI st, the_channe
T aa o erien oot 1R GRS FRHRC T G BIAgeR A PRoHe 8t teng
sELGRAR filRthe DA BpNLE FdntifiGat i8Rt Fh OBEAIMEs BAhE sutdfgke 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,

wW@go4kssrei n f orm ng at

formng an interlayer dielectric between the floating
gate and the control gate. 37. The nethod of claim

the substrate further conprises formng at |east two
trenches in the substrate filling the trenches
wth a dielectric material.”38. The nethod of claim
36, wherein formng the first wells further conprises
conductively doping the substrate. 39. The net hod of
claim 38, wherein conductively doping the substrate
Thgrneibed otenine & esheraim formpha ieseeand will further stmpizpant

Les.. 40, d.of claim36, wherein fornm
RS Ra  OEaCR BB Rbeu P el one. Tur hor

conprises conductively doping portions of the first
"lﬁagl | s ti he. second conductivity type using a second
gagtho Bé%lﬁlé%‘}l,v@em@meobmééepmwwoegﬁf@mﬂ@n they
s8dond %mﬂ%@&ﬁ&;Of claim40, wherein formng the second
wel | further conprises a performng a deep inplant of
a third dopant species. 42. The nethod of claim4l,
wherei.n the third dopant species is different than the
ABEUR o Spraming ap aced nopgvolatilgmemary 6ells 6ompHEgnEn
feniiay abfeadl @o Yldioh t@nORIGA ¥ sGltlal, wHEFR bRk Wblation trench
formng at least two isolation trenches in a
substcoatams agheleesiinmagerialii sol ati on trench contains a

| el ric materijal; conductively doping_an exposed
Cgﬁ(ﬁcglggélyod%p%%eanseﬁf%g(efl St pfihe ?‘ﬁ??atg 6‘?\%5‘6§t CORUFUYAip bype
bet weetivdehighd 86ladibn 86hchEE RESy forMalel HOdBddPedd d5h
wel | s bet ween each pair of isolation trenches;

condPeiof &o)atgsseAgfes; first portion and a second
cBQ&&c‘tiQ&géﬁﬁgﬁgﬁf\ﬁ#tﬁ@o@?&f anty pecg%cu% tggxi%ﬁg fo#f %I%tgqfe\(\c%lc}f %aéhoofathe

second ype opposl _
conddistiwellsyo b ppmnd culticeivity 8gelbpbbdigtthdafst EHiuefivity§pe,
first wells is |laterally separated fromits

as s o YRETER cABIFRP M Plghe fies eplls ds intsrgllycrsprmtgd drom its
portia%cp_ﬁedtslg@om&pte underlying and i n contact
with the ’

conductively doping a portion of the substrate underlying and in contact with the
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.

| east two isol ation treCcORZ03/027240



45.

46.

47.

i solation trenches to the second conductivity type;
formng a first dielectric |layer overlying a surface

w@booeaztsel i rst well; formng a first conducti VECT/Hy®D3/027240

overlying the first dielectric |layer, wherein the
first conductive layer is 2gpable of holding a
charge; formng a second di&fectric |ayer overlying
the first conductive layer; and formng a second

TIRAGGOH G clagl 88, WSEhYhé Erst B ' s
| ayer . 44?aThe nethgd ofﬁ§$a§%$§g?g%%§¥§| 9%%%

eandpetetety-doped pobisdispeanafteroan t he group consi sting of
silicon oxides, silicon nitrides and silicon
oxynitrides. WD 2004/021362 PCT/ US2003/ 027240 28 45.
Ahelenrbfiodyémcdoaipiisthg: Wherein the first conductive
| ayer conprises a conductively-doped polysilicon
HRIOETA: 206, An el ectronic system conprising: a

; - j r.y. devi ce coupl e 0
PhEF T S D DO AR Lo B BERR PECAEE ARGl
conprmemsry davicarcomyrieds: non-vol atil e fl oati ng-gate
menory cel | arran d.in rows and colums; and

contr arayrogl?f)f“rvﬁ? a?‘ floatingreslq megoBCeeds arrargeda rewy and
of menory Ghhss; anyher ein each col um of nenory cells
shares a source and a drain, the source and drain for
a colapatrobfirawiirpoioy coetdiBnhaicags tookd arayest memary ckilg;st
wel | soci ated wth.that col of nmenory cells;

wher & TR vlpn gf frefiory Gril BarebacRuga i ¢ Brainibior

menory celdofirdednd tad Afr@toldi@bPIBRb ddiR beig cbitaffed in a
ot her colums of nmenory cells; wheréin each first

wel | is ovi&Fl yelhgsseciated orith thed dolimn af mamyrt cllone
conaugrrypSe 0RERARaBRER ub S BB ot o Gar' Rl
second coristlated Yrotryothetferstiwél esfestlherlcbRitris 8 memory cells;
wherein each first well is overlying a second well in a many-to-one
relationship;
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.

first conductivity type. 47. A nethod of setting a
| ogic state of a nenory cell in an array of nenory

w@edoum2136zonpri sing: applying a first potenti abCT/USH03/027240

word |ine associated with the nenory cell, wherein
the first potential has a %érst polarity; applying a
second potential to a first”source/drain region and a
second source/drain region of the nmenory cell

[ I &R el cBasintdpand Fifs$hnd RRLAA 1 LY
RhE IR, SEFaERAR BRERLKEN Bt appl ying t he
secosuhrgpddreimtregibng;@and first well containing the first
and secon source/drain regi pns: .and appl vi,ng..a ird
e R e b S R R0 A e BRE A Dl
undeploW BiGvell £ i§ Esuifled@l the BRY wWedl tR@USH BNt j@néths dnidr st
wel I through a PN junction and wherein the third
pot ewhemin thashitdpotdritiab hasgbe Sigstpplarii8. The met hod of
claim47, wherein the first, second and third
potentials are each greater than or equal to
TRO RlethddBE Rl 4MVwhé8in the Eirsteicbod afd thirdporeditals wleenet n

the third potential is ap8roxinately 1/2 the first
greetes Hanglr eqw) fo FpsoxiBtaieddO¥f cl ai m 48, wherein the

first potential is within the range of approximately
12V to 30V, the second potential is within the range
TOE mediar sxiaimt4s] wheMir ihe khdrdaputertiag istdpproctipatebnt/R ghe first
within the range of approximately 6V to 12V. 51. The
pahidd of claim 50, further conprising: applying a
ground potential to a substrate underlying the second
wel . 52. A nethod of setting a logic state of a

Titve mmerclyodoef] dlaiinrt Sawheweirahe dirstrpotrtigl is aVithin the eangsrdsi ng:

B AN R DA 35312&%%@5&%' potiid1 4Uifhid (R FaRRSgC! at ed
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.

appl ying a second potential to a first source/drain
region and a second source/drain region of the nenory
waeedok/o2sppl yi ng the second potential to a firseCTEE1003/027240

containing the first and second source/drain regions;
and WD 2004/ 021362 PCT/ US2003/ 027240 30 applying the
second potential to a second well underlying the first
wel |, wherein the second well is coupled to the first
apBlyinglthe Suehd fotBiNidl U s kédRd winamSkilyih$ eheSTRCOREL], wherein the
potential is greater than the first potential. 53. The
net heecart! walldp ppwled inrbe Ersh weHdhoughha FNogpelitt al is a

0Si-tive t . .2l m 53, wherein
R RSPl Ao P A Pl
approximately 12V to 30V. 55. The nethod of cl ai m 53,
further_ conprisi n%;q applying a gro,un,d potential to a
Thgasthed & dpetd, YbsE R His ssetdmeishipl 18 apgsitixe yeli3gsd of
. setting a logic state of an array of nenory cells
arranged in rows and colums, the nethod conpri sing:
Tephethodjofacldiinr 53, whetedmthiesecdnol péanhialie mdthin the rafigetdie

array; pl.yi n second potential to a first
apBY ?tgﬁ’aliZ#tP%Q%on and a second source/drain of each
menory cell of the array, wherein each nenory cell of

a colum of nmenory cells shares first and second
Beungbodiokilainy By ifether sopukiogei n each col um of

menory cells is forned.i n i.sol.ated first [

4R B&?’f’%ﬁ %rof}?(fg?tentéag At ltlblS’\g’flaeeyunf1 ‘)g‘/%émé g‘ﬁ D Ff/?nﬁigw‘\fqﬁ e second
potential to the first well of each colum of nenory
cells; and  applying the second potential to a second

Avgrethodgisetipg 2 dgic siategi @niery of Bemgryesisygeghigiows and

fi I m\]ﬁ econd conductivity type
C&?@%Sfﬁ%trh%twc t 1eS%}gis'r st conductivity type. 57. The
appiyivada fifst pbtantial bcachverrdiline bhithefarragt potential is a

?i’t ive vol tage, WO %004/ 02]7362 PCT/ US2003/ 027240 .
ying a second potential to a first source/drain region and a second source/drain

App
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.

WG 04/051362 The net hod of cl aim 57,

31 58. The nmethod of claim57, wherein the first
potential is within the range of approximtely 12V to

appl ying a ground potential to a substrate underlying
the second well. 60. The hod of claimb56, wherein
the first conductivity typeis a p-type conductivity
and the second conductivity type is an n-type
BRAHMESD ¥ d¥m FL whbrdiB tHeaesifot&ifial isR@than tRGhegesdfat e of
an array of nenory cells arranged in rows an
appraximatelyt 13 od conprising: applying a first
potential to each word line of the array; applying a
second potential to a first source/drain region and a

Tﬁﬁﬁﬁaﬁmﬁﬁﬂﬂﬁﬁ{ﬂT&hmmnebn@ﬁghgﬂennry CeII of the array,
wherein each nenory cell of a colu nemory cells

apphfiega giopad P%ﬁ’&‘l%ié%éﬁ'éb%%@r%‘é?@)‘lag Hﬁerssg?r@n‘gelknd

wherein each colum of nenory cells is fornmed in an
isolated first well having a first conductivity type;
Benhythodof di@ns & (Wirérq:imtlmrﬁﬂsmonﬂmtivﬁtg tiperista prigpé cafductivity

qu of menory cells; and . applying the second
@gttgfhchﬁli‘ dYCEFINer Rt YRAEPUATYRe second wel | i s

underlylng each first well and wherein the second well
has a second conductivity type different than the
Aum@luocmfrsdmg apgiy stateped. ang@ray Phaemerhedlsgiragged mrews and
ﬂl h% Arst and second potentials are each
ot GYRIGINF t o approxi mately OV. 63. The

d@lﬁ@@a fifst pbidhiial 62 eachhesibilihe o hefdrfagf potential is
hin the range of approximately OV to 1V and the
@@b@n@a pRsORMPPLENtiGI g0 wfltrwﬁurp@@raﬂlawg@ncﬁmd asEpshGOREeEirgin

LR850, LRSS ) 81 o

gr ounglemnoiyasetls stharésfirat adostomi soutcndieaih yegignstand vstemm gach

wel I 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.

further conpPCHUSIYN3/027240



65. The nethod of claim61l, wherein the first
conductivity type is a p-type conductivity and the
wa@emenzizeépnductivity type i s an n-type conductPWi/Ug2003/027240

32

64.  The method of claim 62, further comprising:

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

65.  The method of claim 61, wherein the first conductivity type is a p-type conductivity

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



