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CHARGE TRAPPI NG TECHNI CAL FI ELD OF THE | NVENTI ON [ 0001] The present
i-nvention relates generally to nenory cells and in particular the present

i nvention rel@b@sedspsmul ti-state non-volatile nmenory celdesyy WND OF
THE | NVENTI ON [0002] Menory devices are available in a variety of styles and
sizes. Some nenory devices are volatile in nature and cannot retain data

wi t hout an active power supply. A typical volatile nmenory is a DRAM whi ch
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changi ng aﬁé‘%%%;s ref %S§ Qﬁéﬁ nJﬂ&l?ﬁ%ﬁi&f@ M and is retained when the
power is renoved. The tranS|stors can be erased to restore the threshold
voltage of the transistor. The nenory may be arranged in erase blocks where

all of the nenory cells in t one tine. These non-
vol atile nmenory devi ces arwmlﬁﬁﬁéﬁgﬁb ash menories. [0004]
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Fl oati ng %Pte cells 1 nclude source and drain regions that are laterally
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[0003] Non-volatile memory devices are also available in different configurations. For

example, floating gate memory devices are non-volatile memories that use floating gate
transistors to store data. The data is written to the memory cells by changing a threshold
voltage of the transistor and is retained when the power is removed. The 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. These non-

volatile memory devices are commonly referred to as flash memories.

[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, typ-ically 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 electrons or holes. [0005] In order for menory
manuf acturers to remain conpetitive, nmenory designers are constantly trying
to increase the density of flash nmenory devices. Increasing the density of a
fl ash menorywoRiddse9eneral |y requires reduci ng spaci ng pbgfidsRsed¥e¥ory cells
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devi ces. SU RY [0007] The above-nentioned problens with nenory density
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[0008]) The present invention encompasses a multi-state NAND memory structure. The
structure comprises a substrate comprising a first conductive material. First and second active
areas are formed within the substrate. The first and second active areas are made upofa
second conductive material. In one embodiment, the first conductive material is a p-type

material and the second conductive material is an n-type material.

[0009] A control gate is located above and between the first and second active areas. A
trapping layer is located between the control gate and the substrate. The trapping layer is
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.



bit adjacent to the first active area and a second data bit adjacent to the
second active area. [0010] Further enbodi nents of the invention include
met hods and apparatus of varying scope. BRI EF DESCRI PTI ON OF THE DRAW NGS
[0011] Fi guy® sbeSéygns a cut away view of one enbodi ment pfusBieas«aeET ng a
multi-state NAND nenory cell with asymetric charge trapping of the present
I nvention. WO 2005/083797 PCT/ US2005/ 004365 3 [0012] Figure 2 shows a cut
away vi ew of anot her enbodi nent for programming a nulti- state NAND nenory

cell with t okl e tr ' iavention. [0013] Figure
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Figure 4 shows a cut-away view of yet another enbodinment of a nmulti-state

NAND menor[$013| | Figart B sheysmait-away eiearofen embgiimery fof erishe grhslticndte NAIINt i on.

[0015] Figure 5 shows.a cut-a vi ew of enbodi.nment for reading the

mul ti-stat emerﬂmm%ﬁmaw@gwwam WW?H\“@@%F@VQW%ppi ng of the present
i nventi on. 6]._.Figyre 6 shows a portion of a lti-state NAND nmenpry cell
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for Operat'tﬁém&fycEl'l‘%itﬁ'ﬁQ‘?ﬂhéfﬁ@&ha?éetﬁpﬁiﬁéf?’fﬁ}epre[s&%&enﬁ:dlﬂure 8 shows a bl ock

di agram of one énbodi nent of an electronic systemof the present invention.
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i nvention, reférence is nade to the acconpanying draw ngs that forma part
her eof , andVANDahemeryicell with asymmsfriqelyargeftrapping of the grasem inveptéwi. f i ¢ enbodi ment s
I n which the invention may be practiced. In the drawings, |ike nunerals
descri be suUB8t@ntTigur: ¢ shows 4 portigoefiponetitstate RANDghemerychldk asayadithd proseains .

These enboidierr%nts are described in sufficient detail to enable those
skilled in PH&"&Pt to practice the invention. Qher enbodi nents may be

utilized a%ﬁf}}r UI-'cltgllljrfr: elsho'mlisoaqtlaglg Iof vcﬁ&%esetjme gﬁerrfln%g Iof ﬁlg aelrﬁ%o&e iment of Figure 6.

[0018] Figure 8 shows a block diagram of one embodiment of an electronic system of the

present invention.

DETAILED DESCRIPTION
{0019] 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 severél 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

’



may be made w thout departing fromthe scope of the present invention. The
ternms wafer or substrate, used in the follow ng description, include any
base sem conductor structure. Both are to be understood as including

si |'i con- on- aPRiNdssey SOS) technol ogy, silicon-on-insul atpphystoasboszes
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The char ge state cglls.r appi ng based nenory of the present invention is localized
and does not spread. This property permts asymmetric charge and the ability
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drain and spidhke@ppie@i ons 105 and 107 are n-type conductive naterial while
the substrate 108 Is a p-type conductive material. In an alternate

enbodi ment ,[gezbe 38 ofenthiainen® B BhiaRd sdu¥R§s 'g:%sgmg%& eale nltggc?iu%}. dqepove the
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[0023]) Above the channel between the drain/source regions 105 and 107 is an oxide —
nitride — oxide (ONO) structure 103, 109, and 111. The nitride layer 103 is isolated from the
substrate by a first oxide layer 111 and from a control gate 100 by a second oxide layer 109.
The nitride layer 103 is the trapping layer that stores the asymmetric charges of the present
invention. The present invention is not limited to any certain quantity of dielectric and/or

trapping layers.

{ [0024] The present invention is also not limited in the composition of the
dielectric/trapping layers. In one embodiment, the oxide material can be aluminum oxide.
The trapping layer may be a silicon nanocrystdl 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



The nitride layer 103 is the trapping | ayer that stores the asymetric
charges of the present invention. The present invention is not limted to
any certain quantity of dielectric and/or trapping |ayers. [0024] The
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into the tramining | ayer 103 near the l eft junction. The injected hol es
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control gaf A?te%n%?e’ em-mlch'?nents may use other gate voltage ranges.

[0029] An asymmetric bias is applied to the drain 107 and source regions 105. In one
embodiment, a positive 5V is applied to the drain region 107 and the source region 105 is
grounded (i.e., OV). The large potential on the right side of the junction from both the gate
100 and junction field causes a GIDL condition that injects holes into the trapping layer 103
near the right junction. The injected holes neutralize the electrons from a previous erased

condition thus resulting in a reduced threshold voltage.

[0030] The left junction has a reduced field since the junction bias is zero. This results in a
bias condition 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



voltage turns off the channel in order to prevent | eakage fromthe drain
regi on 107 to the source region 105. In one enbodinent, the gate voltage is
bet ween -10V and -15V. 'Alternate enbodi nents may use other gate voltage
ranges. [00@g@20f0sg®ymMmetric bias is applied to the draiperAfd7oostddgour ce
regions 105. In one enbodinent, a positive 5Vis applied to the drain
region 107 and the source region 105 is 6 grounded (i.e., M The |arge
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of the mul yxiHiake HANP503 is grounded while the right source/drain region 501 has a relatively
high voltage applied (e.g., 1 — 3V). V¢ in this read embodiment is also in the range of 3 — 6V.

Alternate embodiments may use other voltages and voltage ranges.

[0035] Figure 6 illustrates two string arrays of multi-state NAND memory cells of the
present invention. A table of voltages for different modes of operation of a selected column

of this memory array is illustrated in Figure 7.

[0035] The portion of the NAND memory array of Figure 6 is comprised of two columns

! 601 and 602 of multi-state NAND memory cells as described above. One column 601 is
selected while the second column 602 is unselected. 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 Vi, — 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] Refemring 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 Vg, are

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



menory cell of the present invention using asymmetrical biasing of the
source/drain regions. The left data bit 500 can be read by applying a
relatively high bias to the right source/drain region 501 of the cell. In
one enbodi NRjigf00gddsB7 drain voltage is in the range of 1pop@¥agdiAres! ef t
drai n/source region 503, acting as a source, is grounded and Vo is a
positive voltage in the range of 3 - 6V Alternate enbodi nents nay use
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si mul t aneously. [0038] The second option for an erase operation | eaves the

drai n and $6040% e Dnoing e c¢aidapsration of the left bit in the middle cell 611, Vwiois Vr (e.g.,3-6
V), Vyis Vpg, and Vs is connected to ground. The control gates of the select gates 605 and

606 are connected to Vy; and the control gates of the other cells 610 and 612 in the column
601 are connected to Vy». In one embodiment, Vy; is approximately equal to Vy; which is
approximately equal to Vpg + V1 where Vpg in the range of 4 — 6V. The read operation of the
right bit in the middle cell 611 uses substantially the same voltages as the left bit but in this

case Vs is connected to ground and Vy is connected to Vpg. Alternate embodiments use other

L

embodiments to achieve substantially similar results.

[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.



floating as an open connection (O C). In this enbodi nent, the select gates
605 and 606 are also floating. [0039] During a program operation of the
left bit in the mddle cell 611, VW2 is -VH (e.g., - 10 to -20V), Vd is VDP
(e.g., 3 toywg\Uhes@Pds Vs is connected to ground. The conbgpiysaadmarel the

sel ect gates 605 and 606 are connected to Vxi and the control gates of the
other cells 610 and 612 in the colum @01 are connected to Vx2. In one
enbodi ment Wxi is approxinmately equal to Vx2 which is approxi mately equal
to VDP + [ t f Sfakd ' known in
the art. }I'/I%Mp oé‘?’ftr‘ﬁﬁl%‘cbsle%?%%ugfs \‘itghsep(il (rg\?%%tm%{a?j Nt %ggnrﬁ %?ﬁﬁ%e‘f’ﬁ 611 uses
subst ant i alalidregshimpus commestiving Afelsx 32. Alldressesignalsiate rocrivedrand decvdedisyen Mw | s
connected to VDP, and.vd is conne dto ound. Alter e odi ments use
ot her embodFHERE %ﬁtaf}d 38%’“5’95%@85@&?‘? F‘éclefsakc SERPPEY égﬁ}ltlf %’ﬁ 0040] During a
read oper atapsiacisted by'iosekilleBiid thie Art] With th Betlefit 68the pRicht deédligtionSthvRhé e. 9., 3 -
6 V), Vdis VDR and Vs is connected to ound. The control gates of the
sel ect gat dumberpf gddressdpmit conpectionsdepends on sitypdiachiteeipe 05 e gugmaty of  t he
other cell %n@_@f}@ﬁ‘gat@sl,ale' anfbRLOfCAl RS inBfoksed Kith GOIMIRGEAEd hRmMicell kB e
enbodi nent, ] 1s approximately equal to VW2 which is approXi mately equal
to VDR + VHAngunereaseybrak andtbleckcame of 4 - 6V. The read operation of the
right bit in the mddle cell 611 uses substantially the sane voltages as the
left bit bd004dh (The memiorysdevigs 806 readsdntcindht memopyaenay 83hby sdasing valtageert ed t o

VDR. Alternate I.ment her, i 0..achi ubstantially
sinmilar rest ?%%ﬂ%%%dgﬁ%ﬁﬁ%ﬂﬁrg a%%q ?ﬂlﬂfg@p‘%ﬁ‘ gss %&E@ﬁﬁ%ﬁu@ﬁ%ﬁy %ﬁ’o@? di agram of a
menory deviseeB0ferichalitrg,dn oné ifbdditémie cotpledito fdad tid PShIR 1o® WO Ata G0l the Of t he
preesent invention. T@é menpry device 800 js co I_edcio processor 810. The
processor SRR BRiR it SQURYF bgfer cliehitry o faspi-gigetipRal| i ng

circuitry. giRRoMRRRICHiGVELLpIBRNtyTdata 26 REGGR 882 Wi U JoBIHNR B1H). WritdN
el ectroni c system 820. The nenory device 800 has been sinplified to focus on

f eat ur es ofcircuitipe 8ffivprayider 4o weitecdatadp gheunemary ameler st'andi ng t he present
invention. [0042] The nmenory device includes an array of rrgermr; cells 830.
In one enbd®f4ikniContrpleircwisigy§ decef¢ssiganls prayided oh sestiad conneetionm §/4fem theenor y

cell's and the DB TAKE BnBle bsed BESARIRY ohaBAR'SS 1 mERYS aARFsRE! UMMS-

including data read, data write, and erase operations, The control circuitry 870 may be a state

machine, a sequencer, or some other type of controller.

[0046] The flash memory device illustrated in Figure 8 has been simplified to facilitate a
basic understanding of the features of the memory. A more detailed understanding of internal

circuitry and functions of flash memories are known to those skilled in the art.

CONCLUSION
[0047] In summary, the multi-state NAND cell of the present invention is a trapping based
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



WO 2005/ 083797 PCT/ US2005/ 004765 8 [0043] An address buffer circuit 840 is
provided to | atch address signals provided on address input connections
AO- Ax 842. Address signals are received and decoded by a row decoder 844
and a colu 846 to access the nmenory array 830 ]
appreciatega%§£@ﬂ§§%7skiIIed in the art, with the benefrf*%?m@ﬁguﬁgesent
description, that the nunber of address i nput connections depends on the
density and architecture of the nenory array 830. That is, the nunber of

addr esses increase ith th increased. nenpr ell. counts and increased
bank and bwgﬁﬂﬁﬁ?&%gﬁﬁfmﬁﬁgm}w %/yeﬁ%kf&lo?v APSAY in the nenory
array 830 iGdnE théteofol t age or  current changes in the nenory array col ums
usi ng sense/buffer circuitry 850. The sense/buffer circuitry, in one

enbodi ment, is coupled to read and latch a row of data fromthe nenory
array 830. Data input and output buffer circuitry 860 is included for

bi -directional data comrunication 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 provided on
control connections 872 fromthe processor 810. These signals are used to
control the operations on the nenory array 830, including data read, data
wite, and erase operations. The control circuitry 870 nay be a state

machi ne, a sequencer, or sone other type of controller. [0046] The flash
menory device illustrated in Figure 8 has been sinplified to facilitate a
basi ¢ understanding of the features of the nmenory. A nore detail ed
understanding of internal <circuitry and functions of flash nenories are
kriown to those skilled in the art. CONCLUSION [0047] In summary, the

mul ti-state NAND cell of the present invention is a trapping based nenory
that allows asymetric charges to be stored, thereby providing storage for
two data bits. The nenory cell provides high nenory 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
wil |



be appreciated by those of ordinary skill in the art that any arrangenent
that is calculated to achieve the sane purpose may be substituted for the
speci fic 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 is WO 2005/083797 PCT/ U32005/004765 9 manifestly intended
that this invention be Iimted only by the followi ng clainms and equivalents
thereof. 1 10 CLAIMS 1. A nenory array conprising: a plurality of

mul ti-sta menory cells arranged in a colum, each cell conprising a
drain reg > source region, and a nitride trapping |layer that is capable
of asymmetrical charge trapping, in response to asymetrical biasing of the
drain and source regions, of a first data bit adjacent the drain region and
a second data bummmnyaUEhﬁommmmngource region; and a plurallty of sel ect
gates, a flrst sel t nd_of t col u - sec n sel ect
gate at the r b grgygmqmél% %?a‘?ﬁ%‘éo ORI Whe e e urf“ﬁ& grglrlrm ng

oper at i oncor@;ﬁnsmgfa drsin r8gibh) = Hufdegedibyandre ftfide ﬁqulmgalayalthawsecagumé ef enti al
substantial ly equal to 20V, between a control ,gate of the first cell and the
source r e@iyBimeimiesl shayas trapping it reapqnse foasymeshicabbiasing phthedisn andy 25v bet ween

the control,, H@@f&ﬁ?st&ﬁt?fbﬂ Adfad éxR'E‘he"ﬁ} Hr&%ﬁl %Haséecorﬁﬁ{l 'té%]%;:%ngei ng

pr ogr amre “an véltage ere tla y equa et ween
t he contrdksgmten@nm.mME drain region and a voltage d|fferential
substantially

5V between the control gate and the source region

when the seconﬂpﬂﬁléy %f%e qeksaigse p HE SEleG Bainibope o of ﬁ'@ pdgses9ndat ¢l ai m
1 wherei ngdihie ga@ Wi e re{ﬂilﬁﬁg %na 8f fd Q&hﬁﬂt Whbbi RfHgh p}égrar{a{u%%e;ah@n drain
vol tage is substanti al }{ equal to 5V when the first data bit I's being

of a first multi-state NAND memory cell a voltage dlfferentlal substantially equal to 20V

between a control gate of the first cell and the source region and a voltage differential

substantially equal to 25V between the control gate and the drain region when the first

data bit is being programmed and a voltage differential substantially equal to 20V

between the control gate and the drain region and a voltage differential substantially

equal to 25V between the control gate and the source region when the second data bit is

being programmed.

2. The memory array of claim 1 wherein the source voltage is substantially equal to
0V and the drain voltage is substantially equal to 5V when the first data bit is being
programmed and the drain voltage is substantially equal to OV and the source voltage is

substantially equal to 5V when the second data bit is being programmed.

3. The memory array of claim 1 wherein a voltage substantially equal to -20V is

applied to the control gate of the first multi-state NAND memory cell.

4. An electronic system comprising:

a processor that controls operation of the system; and

a NAND flash memory device having a plurality of memory cells, each memory
cell comprising:

a substrate comprising a first conductive material;



programmed and the drain voltage is substantially equal to OV and the source
voltage is substantially equal to 5V when the second data bit is being
programmed. 3. The nenory array of claim1 wherein a voltage substantially
equal to -20V is applied to the control gate of the first nulti-state NAND
menory cell. 4. An electronic systemconprising: a processor that controls
operation of the system and a NAND flidsh nenory device having a plurality
of menory cells, each nmenory cell conprising: a substrate conprising a
first conductive naterial' II first and second active areas within the

bstr at the f d t d
zgnzu::'?l Se ma'?er: ;FlrStgarI]‘ 5?\?0 IrglCt ‘gefaééa\ég"('}@’éne@ﬁ(ﬁ&bﬁgg ‘i‘ ?'ngsﬁgnﬁcrcgg&)gnd second

active areas; @fide ardad doaiiisbdof Ayebnd@ind@ARe nh€erOnt rol gate and the
substrate such that the trapping |ayer is capable of asymetrical charge

trapping, in resporsenirel gaehayeerd befwes) the firg awt seeprd 4qtivg areavigndecond
active areas, of a fl’r%%ingﬂ%flc@b%&:e ﬂ'glcﬁﬁt?&tgafe%dftﬁv%ﬁhst%éé\éﬁ ﬂ?a"tﬂf% and a

second data bit adja L' Second act! ve Sarea ereln durin

pr ogram ng opmpptngdmyemﬁs cphble of asymmuycad:éialrgearappiﬂgagﬁespzbnﬁe‘ter enti al
substantial ly equal élﬁ-%][ bebﬁe?n th r ol gqa gf thlx?1 first cell and

t he second act%® mg}:rggl ng 0%, 9F {157, @n Felcf’ eag Qba Il dpaity equal to 25V
bet ween the cojy zfc@ﬁt tﬂé‘fiﬁt Q&Qetaﬂ;-% ahll %%Ecoﬁﬁﬁht‘é%ﬂ%ﬁﬁ@eﬁ’éﬁﬂ?c’ke%}ﬁi Jch{}ééreéjat a bit

is being program*re and a voltage differential substantially equal to 20V
bet ween t he cwehreioldugng e pamuammglgfqm@tlolagﬁa frest memaryaget] aavoltegd age

second act ve dRasniareyRlE Bmutpobergf e s P e
and the second active area and a voltage d1fferent1al substantially equal to 25V
between the control gate and the first active area when the first data bit is being
programmed and a voltage differential substantially equal to 20V between the
control gate and the first active area and a voltage differential substantially equal
to 25V between the control gate and the second active area when the second data

bit is being programmed.



