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and in particular the present invention relates to

multi-state non-volatile nmemary cells. BACKGROUND COF

THE | NVENTI ON [ 0002] Menory devices are available in a

M AT SR e L T PSP RiC ChaG e apeve

active power supply. A typical volatile nenory is a
DRAM whi ch i Pm TRIVLAOF THRINVENSI(RQPaci tors.
A char ge, n@ gﬁiﬁ a¥ge on the capggﬁ;t ors
[00a1hdi Tm:tmesanhmmam,onsrelatee goferalit to eemnonydellnandchia paginmiay the present

invep R AP A BV OPHE M TRE T o5, but are

typically faster to read and wite. [0003]
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t echnol o Fl oating gate cells include source an
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[0004] Flash memories may use floating gate technology or trapping technology. Floating

gate cells include source and drain regions that are laterally spaced apart to form an
intermediate channel region. The source and drain regions are formed in a common
horizontal plane of a silicon substrate. The floating gate, typically made of doped polysilicon,
is disposed over the channel region and is electrically isolated from the other cell elements by
oxide. The non-volatile memory function for the floating gate technology is created by the
absence or presence of charge stored on the isolated floating gate. The trapping technology
functions as a non-volatile memory by the absence or presence of charge stored in isolated

traps that capture and store electrons or holes.

[0005] In order for memory manufacturers to remain competitive, memory designers are
constantly trying to increase the density of flash memory devices. Increasing the density of a

flash memory device generally requires reducing spacing between memory cells and/or



traps that capture and store el ectrons or holes.

[0005] In order for nmenory manufacturers to remain
w@oipesiTei ve, nenory designers are constantly PEHUROS/@4765

i ncrease the density of flash nmenory devices.

I ncreasing the density of a f2ash menory device

generally requires reduci ng spaci ng between nenory
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smajlsncelt sizei t h smal | er cell size. [0006] For the reasons

stated above, and for other reasons stated bel ow which
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by the present invention and will be understood by
readi ng and studying the follow ng specification.
[0008] The present inventSUMMARYPasses a nulti-state

ND_menory structure, The structure conprises a
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substrate. The first and second active areaS are
follopringf speciiemnd conductive material. In one enbodi nent,
the first conductive material is a p-type material and

[0008]c Thepreent anvdniidd stonphses almulis-sate NANYpaetdhesthrture. The
[0009] A.control gate is.|ocated above and_ hetween_the )
SIUCUre POTARFFeS 8 SERNFak GoMmpsIsecfarst gondpeifsimpjetialykiFstagd second active
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The trapping layer 1s 1solate romthe control gate
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a .secqnd dielectric.|layer. The trapping.layer is
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symmetrical bjiasing of the first and second active
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trap%lﬂigalgge}}tis foRatbf Betlilebr? Eheac%hggle A &l @ g%lgtrﬁﬁ??ﬂéjtr%@g layer is

acent to the second attive ar
isolated from the control gate by a first dielectric layer and from the substrate by a second

dielectric layer. The trapping layer is capable of asymmetrical charge trapping in response to
asymmetrical biasing of the first and second active areas. This permits storage of a first data

bit adjacent to the first active area and a second data bit adjacent to the second active area.

[0010] Further embodiments of the invention include methods and apparatus of varying

scope.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] Figure 1 shows a cut away view of one embodiment for programming a multi-state

NAND memory cell with asymmetric charge trapping of the present invention.



[0010] Further enbodi nents of the invention include

nmet hods and apparatus of varying scope. BRI EF
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cut away vi ew of one enbodi nent for programm ng a

mul ti-state NAND menory cell %ith asynmetric charge

trappi ng of the present invention.[0012] Figure 2
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[0013] Figure 3 shows a cut-away view of an enbodi nent
[0018) Eigass Mshoawsmadutiawal sy HDPMEHBnhYNICe éravihg B multi-state NAND

asynmetric char gge trappi ng of the present invention.
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enbodi nent of a nulti-state NAND nenory cell wth
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Fi gure shows atable of voltages for operation
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I agram of” one e I ment an e ron
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[0019] In the follow ng detail ed description of the

[001Tiv eRiguaT, showfsertable &f ivsltapes ortopefalibn S G BRBOMiniht of Figure 6.
drawi ngs that forma part hereof, and in which is

[0038Y0WRiguky8 WRWwsAfblbdK dasrast dfAe effbBBintdnt o EAPAGIHIRY & sieth of the
whi ch the invention may be practiced. In the draw ngs,

presepkiaverfia®r al s descri be substantially simlar
conmponents throughout the several views. These
enbodi nents are described in sufficient detail to

enabl e those skill i.n tice the
i nvention. Cher eﬁ%@%ﬂﬁsﬁﬁépﬁgiiﬁ ilized and

[00BS] UGHiHE ﬁhlo“li%ﬂé%ﬁhe_d RBGRIBU ERVeHRANIES R Ys Bde to the
made W t hout departing fromthe scope of the present

accompanyingshawinge thae fars avpdrehereof, subintwiztleis shewd, hynwahef
illugst{%ilrtihrg,}/gg?%ﬁg E%lﬁécili%}einpsr}h v&llhrfc%l tﬂg Foven 1onbr%§13? bg %Qcﬁgerglq Tl‘?tthg rdrawings,
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. The terms wafer or
substrate, used in the following description, include any base semiconductor structure. Both
are to be understood as including silicon-on-sapphire (SOS) technology, silicon-on-insulator
(SOI) technology, thin film transistor (TFT) technology, doped and undoped semiconductors,
epitaxial layers of a silicon supported by a base semiconductor structure, as well as other
semiconductor structures well known to one skilled in the art. Furthermore, when reference is
made to a wafer or substrate in the following description, previous process steps may have
been utilized to form regions/junctions in the base semiconductor structure, and terms wafer

or substrate include the underlying layers containing such regions/junctions. The following
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are to be understood as including silicon-on-sapphire
(SOS) technol ogy, silicon-on-insulator (SO)
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doped and undoped sem conductors, epitaxial |ayers of
a silicon supported by a baset senmi conductor structure,
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altemativelyay a diaemonfovddeere gishodbpsrdihg bo thepegitiafipeifgrnied and voltages
mul tistate NAND nenory cell with asymmetric charge
thatigre,gppligde.  Thi s enbodi nent is conprised of'a substrate
101 with two active areas 105 and 107. Each regi on 105
[0023]d Igonegabedianansthadiajeand seyreg regiensl QSrandd@ @ee n-type conductive
[ ependi n n fhe operation rforired _and .
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these kendiiclive mangiabipecaresegicks 105 and 107 are n-type
conductive material while the substrate 101 is a

[0023]t Y RBovensl bitdnh¥EnaiReY tha braid/Soudde RERE 1@ £nd 107 is an oxide —
enbodi nent, these conductive material types are

nitriggi-taxided ONQo3rtuse b 10AcandHd hnBhe mitridedayer 103 is isolated from the

' rce .regio 05..and 107 is. anoxide - nitride
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LmA.ed to ert.ai uant i ty. dielectric. and/ or
[00%41] ap tfe r%eﬁeggig}fgrﬁlon i&allo AePfimttsd 1nOtLe composition of the
dielectric/trapping layers. In one embodiment, the oxide material can be aluminum oxide.
The trapping layer may be a silicon nanocrystal material. Alternate embodiments use other

types of dielectric materials and/or other trapping layer materials.

[0025] The embodiment of Figure 1 illustrates the programming of one data bit in the left
side of the trapping layer 103. This is accomplished by applying a relatively high negative
voltage to the control gate 100. This voltage turns off the channel in order to prevent leakage
from the drain region 105 to the source region 107. In one embodiment, the gate voltage is.

between —10V and —15V. Alternate embodiments may use other gate voltage ranges.

[0026] An asymmetric bias is applied to the drain 105 and source regions 107. In one

embodiment, a positive 5V is applied to the drain region 105 and the source region 107 is



[0024] The present invention is also not limted in
the conposition of the dielectric/trapping layers. In
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oxi de. The trapping | ayer may be a silicon nanocryst al
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bias@Bfdition that does not inject holes. The electrons on the left side of the channel are not

compensated by holes thus resulting in the above-described programmed condition

remaining.

[0031] Figure 3 illustrates a cut-away view of an embodiment for erasing a multi-state
NAND memory cell with asymmetric charge trapping. The erase operation is performed by
tunneling electrons into the trapping layer 303 from a uniform sheet of charge in the
inversion region 301. This forms a high threshold level by a continuous uniform sheet of
trapped charge in the trapping layer 103. The erase operation is accomplished in one

embodiment by applying a positive gate voltage in the range of 10 — 20V. Both the drain and



enbodi nent, a positive 5Vis applied to the drain
regi on 107 and the source region 105 is grounded
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read by applying a relatively high bias to the right

of thismemerredyis Hiirated Jokigsfe T-he cell. I n one
enbodi nent, this drain voltage is in the range of 1-
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SO I S,..0rqu and VG is a positive voltage in .
01 Gt BFEsigny REED Binary skl AkeihiRote ch Yith cot is
sele@td@hily Hels8@0% ARfny 602 BIMsEIEREE The selected column 601 is comprised of

a select gate 605 for the drain voltage, V4, and a select gate 606 for the source voltage V.

The selected column 601 is also comprised of three multi-state NAND memory cells 610 —
612 that are connected to control gate voltages Vwr; — Vwrs respectively. The columns of
Figure 6 are for purposes of illustration only since a real memory column is comprised of a

substantially larger quahtity of cells.

[0037] Referring to the voltage table of Figure 7, two versions of an erase operation are
illustrated. In one option, as described above, the drain and source voltages, V4 and Vs, are

0V and the control gate voltage, Vy, are in the range of 10 — 20V. In this embodiment, the



[0034] The right data bit 502 is read using an inverse
process. In this enbodinent, the [eft drain/source

wo e@s0837903 i s grounded while the right sourcePdr/as1v05/004765
region 501 has a relatively high voltage applied
(e.g., 1- 3V). VGin this redd enbodinent is also in
the range of 3 - 6V. Alternate enbodi nents may use
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volta% VH, are in the range of 10 - 20V. In this

Slm@ﬁ”{f@ﬂ%ﬁent t hecontrol gates of the select gates 605
and 606 are connected to V /2. Qther erase operation
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In this enbodi nent, the select gates 605 and

601%%0%1}06“811 &Vt dmensgmbebmet| ViuisiapgroxIpaskiiedial to Vyz which is

appg)rsk%%tei(féé%ﬁlf tof\h%-l t%f tw_hgge\b/' DR%BH(?E%%@% % g%é}. IThg }%a(()i ox%%on of the
rigm bil iVeheirsiddlroeide dlsmugstmitmuy tﬁmnmomma'gés' égahe&ftoﬁt but in this

‘ e. sel ect ates 605 and 606 ar nected to Vx_and
CaS‘i & 1SCORReds f(j’a&f%‘éndo*fndta‘ﬁb‘s a?r}pgpteg @Reﬁléeraﬁa egpodiments use other

emBdAEn&RS HRRRAL s%s?an%ﬁﬁ?ﬁﬁfxﬁgretsﬁ’lt V<>2 I'n one enbodi ment
Vx1 1's approximately equa

[0041] Figure 8 illustrates a functional block diagram of a memory device 800 that can
incorporate multi-state NAND memory cells of the present invention. The memory device
800 is coupled to a processor 810. The processor 810 may be a microprocessor or some other
type of controlling circuitry. The memory device 800 and the processor 810 form part of an
electronic system 820. The memory device 800 has been simplified to focus on features of

the memory that are helpful in understanding the present invention.

[0042] The memory device includes an array of memory cells 830. In one embodiment, the
memory cells are non-volatile floating-gate memory cells and the memory array 830 is

arranged in banks of rows \and columns.



to Vx which is approximately equal to VDP + VT. VT is

the threshold voltage of the cell as is well known in
w0 b@s5@a83797 The program operation of the right bPCT/UR20051604765

m ddl e cell 611 uses substantially the sanme voltages

as the left bit but in this dase Vs is connected to

VDP and Vd is connected to ground. Alternate

0 t ] :

00 AP Ry ShAS! s RT3 10y AR Monals rovjded on
addugeeimptit amnedtionk & 0-Ak 84Bi Addresstsipnalsiadeiteeeived hnddebodddPa row

i ., 3 -.6 d | d Vi t ed
dechpr 34 0 e dspodes g aberirths O gty St Boviios
app@efat&ﬁ@ BHR &AMAGR k1Rart, Qi the BOMIE B?th%%s@ﬁ’tl deggﬁ;ﬁﬁmoe‘hat the

he other cells 610 and 612 in the col dm 60
numhgan pbeaddsess gr@put/yonneplnonsmp@ds@mthmcﬂqnsuwnd architecture of the memory

a0 e B SO e Yt ERBL R T5 Cmigory el cous
and Thtg@edse@barkeidalocktophtst he right bit in the mddle cell
611 uses substantially the sane voltages as the |eft
[0044]t PhE mERofeyie P ré/aﬁis Ia8taGR AREAL AL Rrd9338 s@ﬁ‘éqnélgoltage or
is connected to VDR Alternate enbodi'ments usé ot he
currgntipbdngas it thetroernoryi assay coluigis aming atnsg/teiffier tiaruitre 850.(The

0] Figure 8 ill rates a f tional .black dia
sendultel gt dn Ope emB3HERGE Sunlef fe P gnd Pt s row P8 hom the
merfidtylaira§ 830 EDMAMPuFBRDSMp S ulfer SitculitB 360 BSEALded for bi-directional
|nvent|on The nenory device 800 is coupled to a

datamog@@gg@ﬁnog pyer aplaralityebdatveorpegions poBavith the controller 810). Write

f Il
M e
20. Th
o B P LRI B

prodebidr BBOOTHEsd §13hal 4@ u@&i f@)fdebhtrbﬂhé' Bg@rﬁﬁ&ﬁrﬁﬁ' the nfeﬁﬁ)ry array 830,
present invention. 42] The nenory devi ce incl udes

inclgging datayeads dae ﬁm&y a@é prase amauqns Bireecamirobelrenitny 870 ey be a state
macgﬁxlgog yeé]ﬁgllmte 'S %ﬂle}[ :Pgtylf g%;‘&rol at i ng-gate nenory

& rrem)r ‘arranged in banks of

roode] S rab fretry QF%% ﬁ%*atf@gi T b b6 SR © acilitate a
bas@ﬁﬂd&ﬁﬁndﬂ?@ﬁf the SEHARES HOMS BN Badre AU &SRS ﬁin% of internal

are received and decoded by a row decoder 844 an

circgigly anv fanstionsee! b mesnaiiss exssknolva tortimse pkidled aythg 36, | t
will be appreciated by those skilled in the art, wth
the benefit of the pres€ONCRESION i on, that t he

tlons depends on the
O DRSPS SR & Mping o
memory that allows asymmetric charges to be stored, thereby providing storage for two data
bits. The memory cell provides high memory density, low power operation, and improved

reliability due to the trapping function.

[0048] Although specific embodiments have been illustrated and described herein, it will
be appreciated by those of ordinary skill in the art that any arrangement that is calculated to
achieve the same purpose may be substituted for the specific embodiments shown. Many
adaptations of the invention will be apparent to those of ordinary skill in the art. Accordingly,

this application is intended to cover any adaptations or variations of the invention. It is



array 830. That is, the nunber of addresses increases
with both increased nenory cell counts and increased

wb200k/083787 bl ock counts. [0044] The nenory deviPET/BRD05/004765

reads data in the nenory array 830 by sensing voltage
or current changes in the nmefory array col urms using
sense/ buffer circuitry 850. The sense/buffer

> [ o

masfileb o Iy A p OIS LT RAed L D) e 2000 ik SR B

equivalents tharebfout put buffer circuitry 860 is included for
bi -di rectional data conmuni cation over a plurality of
data connections 862 with the controller 810). Wite
circuitry 855 is provided to wite data to the nenory
array. > [0045] Control circuitry 870 decodes signals
provi ded on control connections 872 fromthe processor
810. These signals are used to control the operations
on the nmenory array 830, including data read, data
wite, and erase operations. The control circuitry 870
may be a state nmachine, a sequencer, or sone other
type of controller. [0046] The flash nenory device
illustrated in Figure 8 has been sinplified to
facilitate a basic understanding of the features of
the nmenory. A nore detail ed understandi ng of interna
circuitry and functions of flash nenories are known to
those skilled in the art. CONCLUSI ON [ 0047] In
summary, the nulti-state NAND cell of the present
invention is a trapping based nenory that allows
asynmetric charges to be stored, thereby providing
storage for two data bits. The nmenory cell provides
hi gh menory density, |ow power operation, and inproved
reliability due to the trapping function. [0048]

Al t hough specific enbodi nents have been illustrated
and described herein, it will be appreciated by those
of ordinary skill in the art that any arrangenent that

is calculated to achi eve the sane purpose nay be
substituted for the specific enbodi mrents shown. Many
adaptations of the invention will be apparent to those
of ordinary skill in the art. Accordingly, this
application is intended to cover any adaptations or
variations of the invention. It ismanifestly intended
that this invention be limted only by the foll ow ng
cl ai mrs and equi val ents thereof.clainmed is:



A nmulti-state NAND nenory cell conprising: a substrate
conprising a first conductive material; first and
w@emonsB7arti ve areas within the substrate, thePET/IS1005/004765
and second active areas conprised of a second
conductive material; a contrad gate above and between
the first and second active areas; and a trapping
VVhIage{.bg}mpen the control gate and the substrate such
PHAE' AR B apping layer is isolated fromthe contro
gate by a first dielectric |layer and fromthe
substrate by a second dielectric |ayer, wherein the
Lt r dpprud-siag NANR memeanfall efmpitingret ri cal char ge
tr [ [ trical biasing of the
firs %g%legecéﬁ%gggﬁﬁgéggﬁééggﬁgkﬂgefirst data bit
adj fasedrid sebendfdctisé aread witkinahesubdtiste ahs €ieand stabad hitlve areas
adj acent the second active area. ) The cell of claiml
*wher ei n ORWPIEG ek 2 sesaricadVeti Yeeaesia  conpri ses p-type

COnFlintrb Sa BB Al berhitn AR firsChndToBbdl iV RLRL nk N
second conductive naterial conprises n-type corductive
mataetrappling I bealdendlie adnduohgdie whd theisnbdtinte fuch shat dettrapping layer

area i s .a.drai regi on and the second .act.ive area i s a

e oo ia il rirs ool ehf By AT b o roaret frarh (e

di el ectrd i i Rer@l ki A .

ey o RO p LR Ul Ml RIR e s copabe of
di el ect rasymingjrinal thargeomappiing: dn rehpense & asyimmeiricont bibeing of the first

material. . The cel]. of clajm.l erein.the tr i

Mayer | SngsngpRgetvae Al §Fudtbiatin dd BREufe grea and o
clai m 1 sab&dedam bibgdjhdeaPeRBcdndlefivd fre@ Silicon

nanocrystal material.The cell of claim1l wherein the

trapping layer is capable of erasure by gate induced

dr g l.Nject | e cell .gf claiml .
2. wh Zf;t{eg;l éﬁﬁ?’? gg:fnrlgglél?eﬁéag ltlgey%éllrsp ?dsndgg}bvaebrﬁjiete%ﬁ gllpﬁigsyfys1 p-type conductive
pr agitanaed by

3. The cell of claim 1 wherein the second conductive material comprises n-type

conductive material.

4. The cell of claim 1 wherein the first active area is a drain region and the second active

area is a source region.

5. The cell of claim 1 wherein the first dielectric layer is comprised of an aluminum

oxide material.

6. The cell of claim 1 wherein the second dielectric layer is comprised of an aluminum

oxide material.
7.. The cell of claim 1 wherein the trapping layer is comprised of a nitride material.

8. The cell of claim 1 wherein the trapping layer is a silicon nanocrystal material.



gate induced drain | eakage hole injection. The cell of
claim1l wherein the trapping |layer is capabl e of

wee@ssx9by el ectron injection. The cell of clBECTUS2005/004765

10.

11.

12.

13.

14.

15.

wherein the trapping layer is capable of being

progranmed by el ectron injection. A multi-state NAND
menory cell conprising: a substrate conprising a first
conphicdel I Bdreinfi t ;
T e 5 B oo patc induced
ar ehigindeakage beld igjectionsecond conductive material; a
control gate above and between the first and second
active areas; and a trapping | ayer between the contro
gatEneaded dfleRimUbShdréih ehStpiddBlerlif 8agabRRF IR RYHhmbRA by
capabl e of asymetrical charge trapping, in response

t o sats/amnead; deain lerkags e asfiectige. first and second active
areas, of a first data bit adjacent the first active

area and a second data bit adjacent the second active

ar €khe cellefehiith 10fhatiaithe thappaipdaetis bgiablWFRFdsGiety ddectron
plurality of dielectric |ayers that isolate the

t r dpSFHY| ayer from the substrate and the control

gate. A nmulti-state NAND nenory cell conprising: a
substrate conprising a first conductive nmaterial;

fi rite calidf sliroridvizartin viee tpappirs lavdris capable of bbigpadg@ammed by
the first and second active areas conprised of a
seCRIGOBINEHYY ve material; a control gate above and
between the first and second active areas; a

di sconti nuous trapping | ayer between the control gate
and thdti-statssiN A ems oty ¢ellatontpinisinigr appi ng | ayer is

isolated fromthe cantrol gate by .a first dielectric

I af@P%gFP&e From T ie? gffgg‘?‘}dél?tévwaén_ econd diel ectric

| ayfeEt analR8ERidmctiRearbisapihiA thd ApQFard, SHE ¥l 86l §debR Rtive areas
plurality of sections by at |east one extension from

t he contcoplpriged ef asecond ¢radueivehnaenali on can hol d a
char [ fr th ther. sections. .A nenor
ar %ac%ggéle a?? 4 oﬁra :an&) BLeweén %et}lerst And sedond Active aréas; and
a trapping layer between the control gate and the substrate such that the trapping layer
is capable of asymmetrical charge trapping, in response to asymmetrical
biasing of the first and second active areas, of a first data bit adjacent the first

active area and a second data bit adjacent the second active area.

The cell of claim 13 and further comprising a plurality of dielectric layers that isolate

the trapping layer from the substrate and the control gate.

A multi-state NAND memory cell comprising:

a substrate comprising a first conductive material;

first and second active areas within the substrate, the first and second active areas
comprised of a second conductive material;

a control gate above and between the first and second active areas;

a discontinuous trapping layer between the control gate and the substrate such that the
trapping layer is isolated from the control gate by a first dielectric layer and

from the substrate by a second dielectric layer, wherein the trapping layer is



a plurality of nmulti-state NAND nenory cells arranged
in a columm, each cell conprising a drain region, a

W@ owso837pegi on, and a trapping |ayer that is CBEEDE®OD04765

16.

17.

18.

19.

asymmetrical charge trapping,_in response to
asymmetrical biasing of the H@ain and source regions,
of a first data bit adjacent the drain region and a

second dfvidedinto ABILRARN b $dBoROMY AedsBEAterRIMA fForf the control
plurality of select gates, a first select gate at one

end of tgate wieh theh eaphdeetionean haldsetlwege spparateafrom Mee other sections.
remai ni ng end of the colum, wherein during a
progranmm ng operation of a nulti-state NAND nenory

celA nedrer®} eomdprising: of nul ti-state NAND menory cells
a drain_volt%ae IS appl.ied throu?h the first select
gataPlaiality-ofdniticsiate AN aemory selis atrnged sy agpleme, each cell

second %ﬁb@?ﬁin t%tqqaintr?éoﬂj, BRSO WG t}/a?)h@29$)%é that is capable

havi ng ere eve I'n resporse’to whe

first oroftakgmsmeicalchdepearapping, insedpeinsgtosp@nrrisatibiadihg of the
menory ayr.ay gf claim 16 @herein the source voltage is
subst antdraPRYd seE reHP st 4réa bif adiacepb hegguin regipmand a
a range seéon%\éé&aooﬁgéé&waﬁﬂha Q(Furgé fedlorgh@ Pit is being

programed and t rain voltage 1 s substantially
equatlutabtyQf saledt gates, s fist sdeat ghteag ene end of théeolnmngad afsecond

3V to 6V when t second dat it is bei r ogr anmed. .
The. PG T RaTRg G Lt EPE. yBFEHySTIng & brogramming
subst an%;p@falti}én bila fhultB @R IANDLAYMbE, celZAYhd SlupiPip) bEtlulti-state
to a control gate of the first nmulti-state ND ‘nenory

cel | . AN@NRgdemory qsHe g deaimieltpga inepplied shrangh ARt select gate
menory cel,l having.a control .gat first .and second . .

ot ve hdasoRt SOt SR ol vt G 3eEs 4R, arain and
asymmet lsb@k vbliaRp hidnd eidferéh@ tdveRfin kdromett VeeLAS first or the
t he net hod corTPr I.sing: applying a negative gate

vol t age seepndyiatadytstis beingprograngpedindi ng t he second

active area; and applying a positive voltage to the

first active area to inject an asymetric distribution
holThebyerngady @rrapdficlatn d6 aihbreiekagerce RpRee 19 SubstabBaltyh&ual to OV
trapging | ayer substantiallg adj acent the first active

ar @39 TiferABrRbass 1P BANGP 963 ¥ e OMuVReRetbe finkt idaigibifgs being

programmed and the drain voltage is substantially equal to OV and the source voltage

is in the range of 3V to 6V when the second data bit is being programmed.

The memory array of claim 16 wherein a voltage substantially in a range of -10V to -

20V is applied to a control gate of the first multi-state NAND memory cell.

A method for programming a multi-state NAND memory cell having a control gate,

first and second active areas, and a trapping layer capable of asymmetrical trapping

near each of the active areas, the method comprising:

applying a negative gate voltage to the control gate;

grounding the second active area; and

applying a positive voltage to the first active area to inject an asymmetric distribution
hole by gate induced drain leakage injection into the trapping layer

substantially adjacent the first active area.



grounding the first active area; and applying a
positive voltage to the second active area to inject

wW@rooasgataet ri ¢ di stribution hol e by gate i nduckdI/ismn$004765

20.

| eakage injection into the trapping |ayer

substantially adjacent the sdéond active area. The
nmet hod of claim 19 wherein the trapping |layer is a
di sconti nuous trapping |layer that is divided by an

extensi on of the control gate. A nethod for erasing a
mul The methoé ofARD K2 awt fpribet inchidiigng a control gate,

fir é?lgd}%gﬁl%cf&g}ddmcetér\c/?e; atial?eas, and a trapping |ayer

ca asymretricd appi ng of first and second

datappbjiiiga pestiveeatiagdfo the ecddll ia¥@vedr&a®, infebean By Mt iric
conpri sing:.. applyi ng a positive voltage to the control
gate; arfliStgPBlignale DY Bae indused disin lsaleaga dnjgetionintoghe tiapping

- to er asqgié}%uﬂﬁ't&ﬁtaggg&ﬁﬁgﬁ% a{édsjeg@{@acﬁ% ﬁrteg.y gat e

2L 4¢

22.

23.

24.

25.

i nduced ain lea e Injection rnto the trapping

| ayer. A nethod for erasing a nmulti-state NAND nenory

cel ], havin P control gate, first and second active
m‘alhag gt ¢lpimh by WheeHy b teBpiag layepis adsaoRtinyqus lapping layer

tr apRiiDg;Rledd alexfidon 8F ARG MRLAAL L S near each of

the active aréas, the net conprising: applying a
positive voltage to the control gate; and groundi ng

the, first, and second.activ as to erase.the first .
b SEBH O SRg At Gtals S AN femaru e P ing i eontiqd eate, firs

t I apRisBhniAYEVe arbnsBid WHafhe 12980 aREb18 o Wyirimetti i i
NAND rsremglry ceel.elur hsavi ng gﬁﬁgo%té?ol agat e,0 fiyﬁﬂsﬁ1 alﬁ%?rappmg of first
secofdeepndideia 11;;18 @ger, caghn of thetactdyrparaap, thayeethodgraiyrésing:

asy rical .trappin first and second data bits
neé‘n@énﬁa %?Slt%ﬁefoﬁé%%gﬁ%i@g’éoﬁ 8™kt hod conpri si ng:

ap Rrotindgn gthp Gigdt ah ¥ Secoa@BctitR! dr@@ Qo bRsd he fr@nihd Qbconadldgta bits by
appl ying a positive drain voltage to the second active

area; arftegpdunsdidran lagkage lrode indeotipy énte thedtrappingdayert he
first data bit. The nethod of claim 24 and further
i ncluding: applying the positive drain voltage to the
fi s tetmdifeecerasiaga nil g INANIY e idrys 6 i irCd ¢onroBE A8, first
to read the second data bit. . i
and second active areas, and a trapping layer capable of asymmetrical trapping of first
and second data bits near each of the active areas, the method comprising:
applying a positive voltage to the control gate; and
grounding the first and second active areas to erase the first and second data bits by

electron injection into the trapping layer.

A method for reading a multi-state NAND memory cell having a control gate, first
and second active areas, and a trapping layer capable of asymmetrical trapping of first
and second data bits near each of the active areas, the method comprising:

applying a positive read voltage to the control gate;

applying a positive drain voltage to the second active area; and

grounding the first active area to read the first data bit.

The method of claim 24 and further including:

applying the positive drain voltage to the first active area; and



The nethod of claim 24 wherein the positive read
voltage is substantially in a range of 3V to 6V and

W0 @581 ve drain voltage is substantially i PCHUSZNH@4765

26.

27.

28.

29.

of 4V to 6V. An electronic systemconprising: a

processor that controls oper {tion of the system and a
NAND fl ash nenory device having a plurality of nenory
celgtsundB@ahe SROEBI Nctblakeatd FEMd tBE Ron@dsubat r at e

conprising a first conductive material; first and

second active areas within the substrate, the first

an . . X . .

DR ENE Ao PRI ARl BE by o e
t hef BVrts 6 Vadnd thepayitiveadthinweltageeia SibstantiaHy i appgagf 4V to 6V.

| ayer between the control gate and the substrate such

that the trapping |l ayer is capable of asymmetri cal

ch [ ' nse to asymetrical biasing

of %{rﬂegeéftfoﬁgbgyg%gldggggﬁgj%gctive areas, of a first data

bi t pacjessoe that téorgrdls oratantafviee sysean;and a second dat a

bi t [.acent the secand active area. .A nethod for

or a2V RBSERh oMoy BFOCARE e AP TS of MRty friisqSich memory cell
control .g@&pfsingi r st and second source/drain regions,

and a trapping | ayer capable of asymetrical trapping

of fir st subsiratcecoondisthegtaafitst candnetive roatehalpf t he

O R LEBhE el LTRGBS i PRRY LB acive
asynmet ri cal axat t@ffgset @f hRecdnllcohdiiifle SRR
source/drain regions to erase the first and second

dat a bi esontrolgaterabgve ard batwgemilailingf and sedong agkiver aseayganm

menory | _hayi ol t | n

our cor raPRiE SR REEERedonPfee 4 B a MBS Byt e

asymet ri cal tiappipglayer Bicapdblsdf Rpshnsetanchaad Bappidd in response

near each of the source/drain regions, the nethod

conpri si ng; to asymmetrical biasing of the'first and second active areas, of a first
data bit adjacent the first active area and a second data bit adjacent the

second active area.

A method for erasing a multi-state NAND memory cell having a control gate, first
and second source/drain regions, and a trapping layer capable of asymmetrical
trapping of first and second data bits near each of the source/drain regions, the method
comprising:

applying a voltage to the control gate; and

applying asymmetrical voltages to the first and second source/drain regions to erase

the first and second data bits.

A method for programming a multi-state NAND memory cell having a control gate,
first and second source/drain regions, and a trapping layer capable of asymmetrical
trapping of first and second data bits near each of the source/drain regions, the method
comprising:

applying a voltage to the control gate; and



applying a voltage to the control gate; andapplying
asymmetrical voltages to the first and second

W@ ous08378Tr ai N regions to programthe first andPGEHUSIVAS/004765

30.

31.

32.

data bits. A nethod for readliéng a string array of

mul ti-state NAND nmenory cell's, each cell having a

control gate, first and second source/drain regions,

an d;g;ﬂyﬁlgapﬁmﬂetrﬂcwtag@na wheefinf aralseeoonet oueo@ldrhin aggibmoto
irst and second data bits near each of the

sour ce/ Brogram tedirgrrad seerndifeiafdl- conpri sing: appl yi ng

a read voltage to the control gate; applying a first

drain voltage to the second source/drain region while

gr aunekhod farheading s$triag arrag bfimaltistate NANDtmemeycetlheach cell

first data bit; and applyin ond drain yoltage to

{ hERYing § COREhEAlE] TRl LR DI A ArE0GF SORAR S CHAPInE laver

S8 FrRh AR OSF i n@decdra ﬁﬁﬁ%ﬂﬁaﬁ@écﬁ f th

bltgﬁ%é(ﬁ's(ﬂﬂé15 g&? r@%rﬁol%o V\hélrel%thgflrst and o e

s esaurck/dirani mgmni; tthgmsthedeospbisingnt i al |y equal . A

nmet hod. for eyasjn amJItl-st te NAND nenory cell

ha@l’ﬁaémﬁacr%h% géﬁ@“??ﬁf@t nd second source/drain

r eg%ﬂ?ﬁl a%frﬁ RaihVARRED th@yé%n& SRALY @i re iSH mlﬁl'érg*r&ﬁidmg the

trapping of first and second data bits near each
t he souﬁwﬁmrrafr/dralre@gmﬁo r@adéhwﬁtshd@tabﬁwrd Si ng

ggg 18 a3et M AR oale S 0Bt SHurfilifin R0 Rl Sl the
first a@&o§@§&ﬁ5e/§1%ﬁf RBlodrtaireadriegicensd ﬁatbattant i aI ly

simul taneously to erase both the first and second data
bits.

The method of claim 30 wherein the first and second drain voltages are substantially

equal.

A method for erasing a multi-state NAND memory cell having a control gate, first

and second source/drain regions, and a trapping layer capable of asymmetrical

trapping of first and second data bits near each of the source/drain regions, the method

comprising:

applying a voItage to the control gate; and

performing gate induced drain leakage hole injection from the first and second
source/drain regions substantially simultaneously to erase both the first and

second data bits.



