FLASH MEMORY CELL ON Se01 HAVING A SECOND CONTROL GATE BURIED UNDER THE
INSULATING LAYER FIELD OF THE INVENTION The field of the invention is that of
semiconductor devices, and more particularly that of memory devices comprising a plurality of memory
cells.  The invention relates more particularly to a flash-type memory cell on a semiconductor on
insulator (Se01) substrate, formed by a field-effect transistor FET that has a floating gate. The
invention also relates to a memory array consisting of a plurality of memory cells of this type, and a
method of controlling such a flash memory cell. BACKGROUND OF THE INVENTION 10The

structure of a FlashifsirivErbBRCEICE] globabeGirmikaritodhatsr aornvetinna YMQSERT transistor,
apart from the fact that the flash IS K ﬁ?ﬁ ngfa.t_ i e,fﬁ éon top gate corresponds to the
control gate of the transistor (as %ﬁtjﬁ%hcggse oré(\)%her Meg‘!g‘?rén iﬁ &)%ﬁ% another gate, the floating
gate, is arranged betweﬁ tBng_o.ngI'ﬂﬁw ’ F&he channel of the 15 transistor. An inter-gate

dielectric layer is arrangetbetweer ttrecontrorgate and the floating gate, while a gate dielectric layer
is arranged between thé Mo dihg ghtaadyaidiendaribet Phasanlernasths fisuierpgaRAiITaNg insulated

by these dielectric)ayeisiararag D EaRRR SIUSAIESIRIM i & MAHISKIaY, db Al BrgnReE 20The
example of an NOR-type flash cell consisting of an NMOS transistor is described hereinbelow. Such a

cell is equivalent in its iNQENYSERMEERIBEITOI® HEchtida dorfefRTbive tnierigRhethahdel by
?pplying a)nba@l?]m@éiﬁﬁ@l?mﬁﬁﬁ@rtodheiﬁ@@!ﬁﬂi@d@i@@”c&%@@é@;n f@mﬁé@gr@ynraedéét@_gﬁbmto the "0"
ogic state) by the 25 followi rqocedyre that implements a hot electron injection phenomenon. A
very high voltage Eaﬂje’bﬁgﬂ %ﬁe%ggﬂthﬁsggteégéﬁr{% tﬁ%t%ra?ﬁ%ﬁg%ﬂ%%e?ﬁ Opé‘gﬁﬁ & that
electrons flow fromtresyusceio dbesisting. dhe souraihdcdimmeuneyt deitheof ufficigmdly dnighafor

high-energy electrons, (hot elec s resuyltin llision of the charges with the crystalline
30network of the c%g%nhr(?e )%%C%ﬁégﬂﬁtﬁ%%cginé[gﬁe %ﬁpgz;gscl(%g through the gate dielectric layer.

BACKGROUND GF THE INVENTION
10 The structure of a Flash-type memory celi is, globally, similar to that of a

conventional MOSFET transisior, apart from the fact that the fiash transistor
has two gaies insiead of one. A top gate corresponds fo the control gate of
the transistor {as is the case for other MOS transistors), while another gate,
the floating gate, is arranged between the control gafe and the channel of the

15 transistor. An inter-gate dielectric layer is arranged between the control gaie
and the fioating gate, while a'gate dielectric layer is arranged between the
floating gate and the channel. in as much as the floating gate is fully
insulated by these dielectric layers, charges can be stored therein in a
particularly durabie manner.

20 The example of an NOR-iype fiash cell consisting of an NMOQOS
transistor is described hereinbelow. Such a cell is equivalent in iis inactive
state to a logic “1" because a current flows through the channel by appiying
an appropriate voliage to the control gate.

Such a cell can be programmed (fo set it to the “0” logic siate) by the

25 following procedure that impiements a hot electron injection phenomenon.

A very high voltage is applied to the control gate and to the drain. The
channef is passing so that electrons flow from the source o the drain. The

- source-drain current is then sufficiently nigh for high-energy electrons (hot
_electrons resulting from the coliision of the charges with the crystalline

30 network of the channel) to reach thé fivating gate by passing through the
‘gate dielectric layer.



2  These hot electrons are then trapped in the floating gate, which alters the threshold voltage of the
transistor. This mechanism decreases the voltage in the floating gate, and increases the apparent
threshold voltage of the transistor (so that a higher voltage must be applied to the control grate for 5
the transistor to be able to be passing - ON state). However, in normal reading conditions, the coupling
of the two gates is insufficient to render the transistor passing. The read current of a programmed cell
isthus "0".  The cell can be erased (reset to the "1" Ipgic state) by applying a low voltage to the
control gate so that the transistor is not passing (OFF state), and whether it contained a "0" or "1" (that
is to say, whether it was programmed or not) is unimportant. A very high voltage is applied to the drain

so that a high voltage, §f,apRositepaladisiathat inplameanted m@weﬁq@g@, 545 gpRled

between the control gate and the source. The electrical field between thetwo gates increases until

electrons can escHjfe I5RONIhe'AiaERg Yatbenibrrpisive galisdiBiechetisedeprering difect.
During this erasurgopgealipthd TR ARG Nk BatenlRge-Aacreasepsad fhedpRMRNL dresheld voltage

of the transistor decreases. . In order to read the cell, a nominal read voltage VDD is applied to the

control gate. DependitigBiT iR SRSt HRDEEY PHASG SHRIRE GPalieskd) RS DT I% either

passing (ON statefititiinesased ordaloskied tORE stassinigt is programNedpwevér pasitivenvaltage is

also applied to the drgin (anxafglue b&low VDiDnéO ay id disturbances while .obtaining an adequate
the

read signal). The dram will then %Sdis&g?agd | rgr;“s"fgtgra ISORRN alﬁE8.8|9 i dmplitleY'can then
read 25either the tangatamdgsingtade deep. currsnchffras rogedisrevectibis thudhHtk that a very high

voltage must be appliega the, %rgg%ggr?ggggoﬁgrﬁgmmg% f&E?é}St{;? g@&g e ngvpot

electrons capable of reachinglxthe floating gate throu gate dielectric’layer. st happens, such
high programming/9éf@gde Hie GRAESIrapie fPabahicn HathsjahisaxagrsibentPERitsiathe design

of the periphgsal Gifditshether it contained a “0” or “1” (that is to say, whether it was
programmed or not) is unimpdr’fant. A very high voltage is applied to the drain
so that a high voltage, of opposite polarity to that implemented in
programming, is thus applied between the control gate and the source. The
electrical field between the two gates increases until electrons can escape
15 from the floating gate through the gate dielectric layer by tunnel effect.

During this erasure operation, the floating gate voltage decreases and
the apparent threshold voltage of the transistor decreases.

tn order to read the cell, 2a nominal read voltage VDD is applied to the
control gate. Depending on the status of the cell {programmed or erased), the

20 - transistor is either passing (ON state if it is erased) or blocked (OFF state if it
is programmed).

A positive voliage is aiso appiied to the drain (any vaiue below VDD to
avoid disturbances while obtaining an adequate read signal). The drain will
then be discharged if the transistor is ON. An analysis amplifier can then read

25 either the current or the voltage drop.

Such flash cells have the drawback that a very high voltage must be
applied to the conirol gate during programming operations to generate the
hot electrons capable of reaching the ficating gate through the gate dielectric
layer.

30 As it happens, such high programming voltages are undesirable in as

much as they increase the complexity of the design of the peripheral circuits



S (dedicated circuitry implementing charge pumps is in particular necessary to generate these high
voltages), they are likely to damage the cell and even disrupt the operation of nearby memory cells.
US 5,455,791A describes a EEPROM device fabricated on a SOl 5 substrate having a back
semiconducting layer and a front semiconducting layer separated by a buried insulating layer. The
EEPROM device comprises two separate control gates, a front control gate and a back control gate.
The back control gate is formed by the back semiconducting layer and a back gate contact made of a
conductive material that extends all over the back lo semiconducting layer and is separated from the
buried insulating layer by the back semiconducting layer. The back control gate is not suitable to be

used for performing &4pRLOGFR; m%- o | ayse. ISt | ate
contact from the channel re@i%]r;? é II—?@%@E%%TIO!\?%M& ?Ig\lw\%? NTI%@Q@%%%%?&% the
invention is to proYRfEEEIESHEREN I BRI Greeigh donsisaagerBrarsh@ase Psivheral
circuits and of reliahility ohthesskhane @fﬁggrgngﬁ[bg%@qgj. To this end, the invention proposes,

according to a first aspect, mory cell consisting of a FET transistor with a floating gate on a
20 semiconductor on in%lié?i?bﬁ%té?%%ﬁﬁ FSirfy Eﬁﬁ?ﬁ% d?eé@?ﬁic%ﬁ@f@fjn%eﬁal%%garated
from a base stibstatstytanhiasuatindimyescihetransisiar hawngid therthin §imieosbRanel
characterized in that i I trol gates,. a front cantro jng arranged above the
floating gate and é%?)%r%%ggﬁ?egéé\g% %qﬁqéér% iﬁtselﬁ%fé?g Eg?&?ﬁ&%&%ﬁ%@& contror 'g't%”t?Sth 25
arranged within th@@é@%ﬁﬁigtm’i@ﬂ@ﬁﬂymmj'@mth@@n’smmg{a@Iayérabaﬁtmb&cﬁeg@t@da‘r(_)m the
channel only by the, iSRRG Igyes ’@%F\%%&Q{Wm@%E'?&b%%%é!ﬁ%algﬁﬁg“?ak}%r“éﬁ&’ ) @88@'?'”&“0“ o

perform a cell programmin? opeération. Some preferred, but nonlimiting; aspects of this memory

cell are as 30follofRE- BRBIBSERGSIRrel GafRsvshue mnierithdhaitratondth ot evecdiie barkback
control gate i locateidd st AgVBY RSB ex@sshrnbafaeiRoHREIPRINAGA g layer by the
back semiconducting layer. The back control gate is not suitable to be used
for performing a programming operation because of the distance separating
the back gate contact from the channel region.
BRIEF DESCRIPTION OF THE INVENTION
15 The aim of the invention is to provide a response fo these problems of

design complexity regarding the peripheral circuits and of reliability of the cell
and of the circuit in general.
To this end, the invention proposes, according to a first aspect, a flash
memory cell consisting of a FET transistor with a fioating gate on a
20 semiconductor on insulator substrate comprising a thin film of semiconductor
material separated from a base substrate by an insulating tayer, the transistor
having, in the thin fiim, a channel, characterized in that it comprises two
control gates, a front control gate being arranged above the floating gate and
separated therefrom by an inter-gate dielectric and a back control gate being
25 arranged within the base substrate directly under the insulating layer so as to
be separated from the channel only by the insulating layer, the two control
gates being designed fo be used in combination o perform a celi
programming operation.
Some preferred, but nonlimiting, aspects of this memory cell are as
30 foliows:

- the back control gate extends under the entire width of the celi:



the polarity of the back control gate is of the same type as that of the channel of the transistor; 5- the
back control gate is insulated in the base substrate by a well of opposite bias; the cell also comprises
insulating regions extending depthwise into the base substrate to insulate the back control gate; the
cell is of the fully depleted type; - the floating gate is arranged on the surface of the thin film and is
insulated from the channel in the thin film via a gate dielectric layer; the floating gate is formed in a
trench made in the channel, and insulated from the channel via a gate dielectric layer arranged on the
walls of the trench; 15- the FET transistor comprises a source region and a drain region that are
arranged asymmetrically in the thin film on either side of the floating gate formed in the channel so that

the drain region is closerda,b& loaling gate (D the.SpULeeaipn s, Aoarding g Another aspect

the invention relates to a memory array~zo comprising a plurality 6f cells according 10 the first aspect
of the invention arfaf§eatingéf@ & and in columns, in which a back gate line is coupled to the back

contrl gate of each of e G5l B/o50rI ! SERELAWBIDS 57 b coUDIg 3 g ront

control gate of each of the cells along a column, the back gate line extending in parallel to the word
line. 25 Accordingt8Yet' i diifel 2apeld  the invention relates to a memory array comprising a plurality

of memory celis arranged iB4ewscHIFbINEALIMNBsMIChafisshseof gslisfensists pfdiash cells with

a floating gate recessed in the channel in accordance with the first aspect of the invention, and a
second set of ceIIQEB?l@fgt?’@FDRAM cells with a floating channel and control 30gate recessed in the

channel. ~ the cell also comprises insulating regions extending depthwise into the
base substrate to insulate the back control gate;

— the cell is of the fully depleted type;

10 - the floating gate is arranged on the surface of the thin film and is
insulated from the channel in the thin film via a gate dielectric layer;

— the floating gate is formed in a trench made in the channel, and
insulated from the channel via a gate dielectric tayer arranged on the walls of
the trench;

15 - the FET transistor comprises a source region and a drain region that are
arranged asymmetrically in the thin film on either side of the floating gate
formed in the channel so that the drain region is closer to the floating gate
than the source region is.

According to another aspect, the invention relaies to a memory array

20 comprising a plurality of cells according to the first aspect of the invention
arranged in rows and in columns, in which a back gate line is coupled to the
back control gate of each of the cells along a row or a column,

A word iine can be coupled to the front control gate of each of the cells
along a column, the back gate iine extending in parallel to the word line.

25 According to yet another aspect, the invention reiates to a memory
array comprising a plurality of memory cells arranged in rows and in columns,
in which a first set of cells consists of flash celis with a floating gate recessed
in the channel in accordance with the first aspect of the invention, and a
second set of cells consists of DRAM cells with a floating channel and control

3¢  gate recessed in the channel.



According to yet another aspect, the invention relates to a method of fabricating a memory array
comprising a first set of flash memory cells with floating gate recessed in the channel that conform to
the first aspect of the invention and a second set of DRAM memory cells with floating channel and 5
control gate recessed in the channel. The method comprises: a first series of steps common to said
first and second sets of cells, comprising, for each cell: the formation of a trench in the thin film, the
coating of the walls of the trench by the gate dielectric ID,ayer, the filling of the trench with a gate
material; said first series of steps being followed: for each of the cells of the first set, by the formation
of the inter-gate dielectric layer on the trench and the formation of the front control gate on the

inter-gate dielectic laystc 5fRr €298 0% e eels.aline AECPNA Shin el opatipRALe contol gate

directly on the trench.  The invention also extends to a metho controlling a memory ce
according to the fifSPHSBE Gf TRRTMIARHHIGAY iFOMREHNERIfESh sell Prigranmeimg upestgiovitithe front
control gate and thdiack artiel@atearm 2R usachincombinationhYARRYIRG adsstpesifiye voltage

to the front control gate and a second positive voltag@ to the back control gate, said first voltage being
less than the volta{gqéeﬁ‘élé’ae@fi%ﬁ? me Ak EeMIHBRRB YV Seige vt fpalecisiRRNsA@0eontrol

gate. 25BRIEF DESGRIRES NOfsJedEDRAVBNGS. TheQtharn@speatisriaias and advantages of the

resent invention will become more apparent from reading the following detailed description of
P {nSt efies BP S¥

preferred embodiments fheraof givan-as Honlining BxAmpiss EruanithSRIREne ot heippended
drawings in which: 30- Figurerismepréseststonelipossible embodiment of a fully depleted planar flash

memory cell according to the InKEMARsion of a trench in the thin film,
o the coating of the walls of the trench by the gate dielectric layer,
10 o the filling of the trench with a gate material:
- said first series of steps being followed:

o for each of the celis of the first set, by the formation of the inter-
gate dielectric layer on the trench and the formation of the front
control gate on the inter-gate dielectric layer,

15 o for each of the cells of the second set, by the formation of a
control gate directly on the trench.

The invention also extends to a method of controling a memory cell
according to the first aspect of the invention, in which, during a cell
programming operation, the front control gate and the back control gate are

20 used in combination by applying a first positive voltage to the front control
gate and a second positive voltage to the back control gate, said first voltage
being less than the voltage needed to programme the cell when no voltage is

applied to the back control gate.

25 BRIEF DESCRIPTION OF THE DRAWINGS

Other aspects, aims and advantages of the present invention will

become more apparent from reading the following detailed description of
preferred embodiments thereof, given as nonlimiting examples, and with
reference to the appended drawings in which:

30 - Figure 1 represents one possible embodiment of a fully depleted planar

flash memory cell according to the invention;



6 - Figure 2 represents one possible embodiment of a flash memory cell with fully depleted recessed
floating gate according to the invention; - Figures 3a-3k illustrate different steps of sequences in
forming and insulating a back control gate in the base substrate; 5- Figure 4 represents a topology of a
memory array according to a preferred embodiment of the invention. DETAILED DESCRIPTION OF
THE INVENTION Referring to Figure 1, a flash memory cell 1 is represented, consisting lo of an FET
transistor with floating gate on a semiconductor on insylator substrate comprising a thin film of
semiconductor material separated from a base substrate 5 by an insulating layer, typically a buried
oxide BOX layer. - The semiconductor on insulator substrate is, for example, a silicon on insulator
(S01) substrate. 15Accsyding 30, 8pEcistre bREBRLERRN L ASIARYLAING IaVREdR BRI PTRI02.
According to an advantageous variant, the insulating layer comprises a layer of Si3N4 sandwiched
between two layers‘¥fsidly. depleteRaeransreibieaiinp ssée apcpidirardife fveuliesiregion 2, a drain
region 3 and a channeksepanaing NAsERHECRIFRHON SIED e HaikRRETIR Y drmindn drigure 1, the

drain D and the source S are in contact with the buried oxide BOX layer so that the FET transistor is
fully depleted. insulating a back control gate in the base substrate’

5 - Figure 4 represents a topology of a memory array according to a

preferred embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION
Referring to Figure 1, a fiash memory cell 1 is represented, consisting

10 of an FET transistor with floating gate on a semiconductor on insulator
substrate comprising a thin film of semiconductor material separated from a
base substrate 5 by an insulating layer, typicaily a buried oxide BOX layer.

The semiconductor on insulator substrate is, for example, a siiicon on
insulator (SOI) substrate.

15 According to a preferred embodiment, the insulating layer is a layer of
SiO;. According to an advantageous variant, the insulating layer comprises a
layer of SisN4 sandwiched between two layers of SiO..

The transistor comprises, in the thin film, a source region 2, a drain
region 3 and a channel 4 separating the source region 2 from the drain

20 region 3.

In Figure 1, the drain D and the source S are in contact with the buried
oxige BOX iayer so that the FET transistor is fully depleted.

The source S can thus be shared between two adjacent memory celis
{along a row of a memory array extending in the plane of Figure 2a; the

25 columns of the memory array exiending perpendicularly to the plane of
Figure 2a). Such sharing means that the space occupied by a memory cell
can be reduced.

It will be understood that the invention is not limited to a fully depleted
memory cell but also extends to a memory cell on partially depleted SeOl.

30  Conventionally, as is known per se, it is then necessary to insuiate the celis

along a row of the memory array in order to insulate the channels of adjacent



The source S can thus be shared between two adjacent memory cells (along a row of a memory array
extending in the plane of Figure 2a; the 25 columns of the memory array extending perpendicularly to
the plane of Figure 2a). Such sharing means that the space occupied by a memory cell can be
reduced. It will be understood that the invention is not limited to a fully depleted = memory cell but
also extends to a memory cell on partially depleted Se01. 30Conventionally, as is known per se, it is
then necessary to insulate the cells along a row of the memory array in order to insulate the channels
of adjacent cells from one another. This is conventiondlly done using insulating trenches (according to
the STI - "shallow trench isolation" - technique) extending depthwise from the surface of the substrate

fo the BOX. Referdof\Réraii brilit dashuerameaiti-cammadaes aiaatiag sas m.dthgending on

the surface of the substrate above the channel 4. The floating gate 10 is Tnhsulat om the channel via

a gate dielectric IARCRIING ko1ibAt Sdhtrol §RAIQY i HIFaNEEIPA contrsitnee maxindint is
known per se abodegtilQatinehgateslidael bitaraaieddisiacligayest3 being interposed between the

front control gate 12 and the floatgé% ate 10, The flash memory cell 1 also comprises a back

control gate 6 arranged \WItHIN $hé&CaSL Eubstisd#RirBemPonael thetRRIISgRF Bt N8 120 as to be
separated from theChanaedidgonly hethaiifirtdatingBOXayete atde memeRased;thusthas two

control gates: the front control gate .12 used, conventionally, and the back control gate 6 proposed by
the invention 15 v@ﬁﬂn%%%ﬁgﬁgf Lc'ﬁ.feas%ggn?erarpﬁ %%%%%%Fﬂ‘é@rﬁb%ﬁ i he%ffﬁiﬁﬁ ¥Fc5r?tf:ontrol gate to
perform a cell programmiifigtipepation.gateA$ 2 isusetpniastriative exampimrthiertickeessatfithe thin film

B L od s TN L
fully depleted being interposed between the front conirol gate 12 and the floating gate 10.

10 The fiash memory cell 1 also comprises a back control gate 6 arranged
within the base substrate 5 directly under the insulating BOX layer, so as to
be separated from the channel 4, only by the insulating BOX iayer.

The memory cell thus has two control gates: the front control gate 12
used conventionally, and the back control gate 6 propesed by the invention

15 which is in particular designed to be used in combination with the front
control gate to perform a cell programming operation.

As a purely illustrative example, the thickness of the thin fiim of the
semiconductor on insulator substrate is between 1.5 nm and 50 nm, the
thickness of the insulating tayer is between 1.5 nm and 50 nm.

20 Figure 2 illustrates another possible embodiment of a fully depleted
flash memory cell 10 according to the invention, in which the floating gate is
not arranged on the surface of the substrate, but is, on the contrary,
embedded in the channel. The floating gate 20 in this case fills a trench
formed in the thickness of the channel 4, a gate dielectric layer 21 being

25 arranged on the walls of the trench so as to insulate the floating gate 20 from
the channel 4.

This second embodiment is advantageous in that the back control gate
6 is then sijtuated relatively close to the floating gate 20 recessed in the
channel. This second embodiment thus allows greater thin film thicknesses,

30 for example up to 300 nm.



flash memory cell 10 according to the invention, in which the floating gate is not arranged on the
surface of the substrate, but is, on the contrary, embedded in the channel. The floating gate 20 in this
case fills a trench formed in the thickness of the channel 4, a gate dielectric layer 21 being 25arranged
on the walls of the trench so as to insulate the floating gate 20 from the channel 4.  This second
embodiment is advantageous in that the back control gate 6 is then situated relatively close to the
floating gate 20 recessed in the channel. This second embodiment thus allows greater thin film
thicknesses, 30 for example up to 300 nm. 8 In each of the embodiments described hereinabove,
the back control gate 6 increases the current flowing in the channel during a cell programming

operation (the back conyolgate i Piavides AR aLEHSED %gf&%%%é@%%rée@ééﬁ *?;ibgﬁtg& the

current density also increases since 5 the dimensions of the flash transistor remain su ntially

minimal. Using th&B&cR thedienibareresid avdreditthosdiprne ouiae aceblpneasanataciower

voltage when progfg@ami@@{ﬂi@%@%@%@i@@mmqﬁ&%é%%%&%%& which considerably helps
in the design of the peripheral circuits and strengthens the reliability of the cell and of the circuit in

general. 10As an illustr3f78 S MBIEYE P OIRERT 14Lh rIBEECRRSIBhAIRATHE689 Sihee
programming is déne diitfevsitages afdhimsidesrnfiside @vprasurevithmpliagrsnf thegrder of -4V to

-6V. The inventio rall makes it possible to lower by approximately 40% the voltages required for
programming, ang) %‘nxegre o?rg?o %g\(/aﬁ r(%(a?—ﬂgletﬁ%ase?r%éyaorﬁéjﬁ%%e Ofé’rgfﬁ@ 1%%(%‘?8%%%6% d erasure
operations. It vidiings Motegehaténsragrefiovezingtbeppogoramining vititage s;dh ishpssbible to

utilize programming yoltages, pkthe same amplityde, Us e b g hen.makes it
possible to reduce the time needed to cararyr%ut y%e g‘:ﬁ)ggra8n%g1&§ﬁgc%vcﬁ8ct%%r‘§b %gérﬁ%lﬂ éjrﬁioh?enr(zst for a

flash cell which is SRiBHAEREGREIR RIS felheire afdhe.circdihie penrersi.of the back control gate

6 is preferenially choser stagusrRent Biesamebmaathalefithe chappsl %grsn%@ﬂébﬁﬁﬂf (oranN
type polarity for ag é\r&FéN-type transistor, a P type p_olarit¥t for a PNP transistor). A threshold voltage of
a

the bottom transi &?irﬁ’éﬂ%?%ﬁ‘% i@,&l)?_ne with voltages of the order of 7 to 9V, erasure
with voltages of the order of -4V to -6V. The invention overall makes it

possible to lower by approximately 40% the voltages required for
programming, and therefore to have roughiy the same amplitudes for the

15 programming and erasure operations.

it will be noted that, instead of lowering the programming voliages, it is
possible to utilize programming voltages of the same amplitude. Use of the
back control gate then makes it possibie to reduce the time needed to carry
out the programming which is of particular interest for a flash cell which is

20 conventionally not very fast in write mode.

The polarity of the back control gate 6 is preferentially chosen sc as to
be of the same type as that of the channel of the transistor (or an N type
polfarity for an NPN-type transistor, a P type polarity for a PNP transistor). A
threshold voltage of the bottom transistor is defined in such a way.

25 However, the invention also extends to a back gate that has a working
voltage (polarity opposite to that of the FET transistor). In this particular case
however, the threshold voltage of the transistor is increased and it is then
necessary to apply a higher voltage to the back conirol gate in a cell
programming operation.

30 According to one embodiment that is not represented, the source region

and the drain region of the FET transistor are arranged asymmetrically in the



25 However, the invention also extends to a back gate that has a working voltage (polarity opposite to
that of the FET transistor). In this particular case however, the threshold voltage of the transistor is
increased and it is then necessary to apply a higher voltage to the back control gate in a cell
programming operation. 30According to one embodiment that is not represented, the source region
and the drain region of the FET transistor are arranged asymmetrically in the 9 thin film on either side
of the floating gate formed in the channel so that the drain region is closer to the floating gate than the
source region is. A cell erasure operation can be modelled by two series coupling capacitors, one
between the drain and the floating gate, the other between 5 the floating gate and the front control

gate. The floating val I ' ording.to a coupling that depends on
the ratio between %@Y@oﬁg%\%ﬂ%ﬂié@&cﬁ\g@%y%% p%ﬁéﬁ%r?&e}ﬁeédait%ﬂo%g% FJ%gr ﬁ% i%%lgﬁ‘fpin the
drain region so that'&is"61@er itodReaidating ipatnbamihéeouie segion isgivr idrain-floating gate

coupling is increased. Thecglecirical 4 Odirickhisivesn the fraptgrnirelgale.and e flopling gate then

increases until, by tunnel effect, electrons pass from the floating gate to the front control gate.

Figures 3a-3k repfEESH Bferdit SeMEEP dhesibrRitaqdcite§attsnsainting Aiaansetirr)a back

control gate insthethastoauhgtigie: Bhesed TriguresnsRowydethithe aaseof adttraiand aaN type

back control gate., ., Figyre 3a represents an Se0Q1 substrate comprising a thin film of semjconductor
material 30 separé?éla\?’r%r{rg]%g} ‘fga %%%@Cﬁrgwgn%i"n@u‘FQHHcBr@d&altaggﬁel'?’pé fAstibR 2 iignment

marks are definecbiaiteesd0dssubstizitegsoapn cittosaliwi fosithesneingssarydaligmmae ni-indater masking
and pattern formafipsiens (fmsalin afwels, hack pontpl gates, sulatig stueuies, ele).  This
nt Ve ?enc?‘n Mhesa,

first substrate marking step thus consists in forming, in the substrate, a groo or
any other sign (suéPLEseareenas for Beathipleyloating gate coupiing is increased. The electrical

10 field between the front control gate and the floating gate then increases until,
by tunnel effect, eiectrons pass from the fioating gate to the front control
gate.

Figures 3a-3k represent different steps of possible sequences in
constructing and insuiating a back control gate in the base substrate. These

15 figures show both the case of a P type and an N type back control gate.

Figure 3a represents an SeOl substrate comprising a thin film of
semiconductor materiai 30 separated from a base substrate 31 by an
insulating BOX layer.

frv & first step, alignment marks are defined in the Se0! substrate so as

20 to allow for the necessary alignment in later masking and pattern formation
steps (formation of wells, back control gates, insulating structures, etc.),

This first substrate marking step thus consists in forming, in the
substrate, a groove, a trench, a mesa, or any other sign {such as a cross for
example).

25 Figure 3b to this end illustrates the formation of mesas by surface layer
eiching. For this, standard CMOS fabrication methods are used.

Figures 3¢, 3d and 3e represent different possible approaches for the
formation of "wells" buried under the insulating BOX tayer, with a view to
ultimately insulating one or more back control gates with respect to the base

30 substrate 31.



25Figure 3b to this end illustrates the formation of mesas by surface layer etching. For this, standard
CMOS fabrication methods are used.  Figures 3c, 3d and 3e represent different possible
approaches for the formation of "wells" buried under the insulating BOX layer, with a view to ultimately
insulating one or more back control gates with respect to the base 30substrate 31. 10  In each of
Figures 3c, 3d and 3e, the base substrate 31 is doped so as to exhibit, in a top layer thereof, an N-type
conductivity. The doping level is typically between 1*19&5 and 5*1016 cm-3. In Figure 3c, a P-type
well 32 has been produced, by dopant 5 implantation, beneath the insulating BOX layer in the N-type
base substrate 31. The P-type well 32 is thus insulated from the N-type substrate by a pn junction.

In Figure 3d, both a P-typg uelof-aarshl-psiel S haye hean aipduoefl The el 32, 33 are

insulated from one another by a pn junction. 10 In Figure 3e, both a P-type well 32"and an"N-type well
33 have been prode&HiRis iR Bigore e ARssatiype Mrtvrstingneertnas Tize drsdnseverisduced,

extending, from thgsuERcea{benSe9d Sustratey Unget the insulating BOX layer, depthwise in the
base substrate 31, this trerﬁgﬁrovidin the insulation between the wells 32, 33. 15The doping level in
a

the wells of Figures 3c,3d et tybicallyetEln 8¢ 1638 HREB-WPEUGRN. bY 11ARAABE noted

that the stepsmeenteidotfdionicatertbatisttustinasagpsesentadyarRiguien\Bexdrmne 3emuediased on

standard CMOS fafaricatio ethods Starting from the, structyre represented in Figures 3c
(respectively Figu?g?) aeﬁd?.j ?ngl?réN §g)%%o'%a¥h%' %M%féq;\?a?%nr@hgﬁ iﬁf Bhé %rfht% ePt8form back

control gates 34, 35@® 87 within the base substrate, directly under the insulating BOX layer as
represented in Figure 3f,(r3ppcively Silowe30/0d Ei9se 3 an N-type well 33 have been
produced. The welis 32, 33 are insulated from one another by a pn junction,

10 tn Figure 3e, both a P-type well 32 and an N-type well 33 have been
produced, as in Figure 3d. An STl-type insulating trench 38 has also been
produced, extending, from the surface of the SeOl substrate, under the
insulating BOX layer, depthwise in the base substrate 31, this trench
providing the insulation between the wells 32, 33.

15 The doping level in the welis of Figures 3¢, 3d and 3e is typically
between 510" and 5*10"® cm™®.

It will be noted that the steps needed to fabricate the structures
represented in Figures 3¢, 3d and 3e are based on standard CMOS
fabrication methods.

20 Starting from the structure represented in Figures 3¢ (respectively
Figure 3d and Figure 3e), dopant implantation is then implemented in order
to form back control gates 34, 35, 38, 37 within the base substrate, directly
under the insulating BOX layer as represented in Figure 3f (respectively
Figure 3g and Figure 3h),

25 The doping level to form a back control gate is typically between 510
and 5*10%° cm™,

As represented in Figures 3g and 3h, the back control gate 34, 35, 386,
37 is insulated from the base substrate 5 by a well 32, 33 of opposite bias (P-
type well 32 for the N-type back control gate 34, 36; N-type well 33 for a P-

3¢ type back control gate 35, 37).



25The doping level to form a back control gate is typically between 5*1018 and 5*1020 cm-3. As
represented in Figures 3g and 3h, the back control gate 34, 35, 36, 37 is insulated from the base
substrate 5 by a well 32, 33 of opposite bias (P-  type well 32 for the N-type back control gate 34,
36; N-type well 33 for a P- 30type back control gate 35, 37). 1l In the case of Figure 3f, a well has
been produced solely for a single back control gate bias (P well 32 insulating an N back control gate
34, while a P-type back control gate 35 is arranged directly in the N-biased base substrate 31). 51t will
be noted that, generally, the well voltage is chosen so that the diode created by the electrical node
between the back control gate and the well is always reversed, the diode then insulating the back

control gate from the el gRdem &nyiHing SiakilyBioRLEAUaN (PHREERAG,RANtY! Qaél i

particular). 10According to a first embodiment represented in Fegure 3h, the back control gate 36, 37

extends under theP8RtirePRAtRHIGE sHISREIT 321832 IRgHidtivarfELbAPRas SOHES ity Waileh 35

insulates the backrcgiteolgriesc3htrap tiam @ rnathenglacereing laanetheyembedirngst
represented in Figﬁure %E%ﬁgg}eﬁack 15 control gate 34, 35 is localized in such a way as to extend only

over a portion of t 5% e well 32, 33. It will be noted that an insulating trench can also be
provided wheh the back ecdtittel gate dstlogalzadrbithtis cantribotiagetosthehtasulasiorhet the wells.

According to a Va@?‘dﬁa‘*@ﬂ@&%&“ tht%a%léé%%é?%edseegte%\clj\/a%r‘? %ggrlgack control gate and the
well is always reversed, the diode then insulating the back controt gate from
the well and from anything that it might contain (other back control gates in
particular}.

10 According to a first embodiment represented in Figure 3h, the back
conirol gale 36, 37 extends under the entire width of the well 32, 33. In this
particular case, the insulating trench 35 insulates the back controi gates 37,
38 from one another.

According to another embodiment represented in Figure 3g, the back

15 control gate 34, 35 is localized in such a way as to extend only over a portion
of the width of the well 32, 33. it will be noted that an insulating trench can
also be provided when the back controi gate is localized, by thus contributing
to the insulation of the wells.

According to a variant embodiment that is not represented, a second

20 insulating layer, arranged in the base substrate below the insulating BOX
layer, can wholly or partly contribute to insulating a back control gate from the
base subsirate.

Starting from the structure represented in Figure 3f (respectively
Figure 3g and Figure 3h), the mesas are then filled, and, where appropriate,

25 the insulating trenches are also filled, by deposition of a dielectric. This filling
implements standard passivation treatments of the side walls, filling and
surface planarization.

One or more transistors (of the same type) can then be formed in each
of the regions of the thin film 30 delimited by the insulating regions 39 formed
3¢ by the duly deposited dielectric.



20 insulating layer, arranged in the base substrate below the insulating BOX layer, can wholly or partly
contribute to insulating a back control gate from the base substrate.  Starting from the structure
represented in Figure 3f (respectively Figure 3g and Figure 3h), the mesas are then filled, and, where
appropriate, 25 the insulating trenches are also filled, by deposition of a dielectric. This filling
implements standard passivation treatments of the side walls, filling and surface planarization.

One or more transistors (of the same type) can then bngormed in each of the regions of the thin film
30 delimited by the insulating regions 39 formed 30by the duly deposited dielectric. 12 It will have
been understood from the foregoing that the invention provides for a flash memory cell that has an

individualized back conra),iafes At fearetnisastoBatis Calls atianged Alona neand e, same row

or one and the same column of the memory array share the same back Control gate Back gate
line is thus coupleBry'#iRs facr damtrangarervirehdhainne selisdiitivplizemback cohirphgate.In a

manner that is kngwiBersg.aasoshineis sauplerhigiiedian sretplame oheach el ipgsels along

a column of the memory array. Preferentially, provision is made for the back gate line to extend in

parallel to the wor8ThE' BIFEHEACLERE G Jate MHELH BN ASSISHT HEcSABIN Raritreraiaet @rling

programmingy  Arigasie deshtin i3 thpelegymba meneoby strayreanigaming ansetarrediss

embodiment of th%i%’lﬁlegti%gj Irrl ‘;:lh(i:s iflijgrtljrr}e, the dotted lines identify two adjacent memory cells Cl and
02, as described prev%usly. Als8 SR8WH'are 15 the various access or control lines to the different

regions of the transistols: sosecediné 8L iknkingvthesosecearegioh$is: df eanipebthe trangistors, bit
lines BL1, BL2 usgd o addiess the drai i the t istars, word line WL1, VVL2 linking
the front control gate of edgéh o?the trang)igta[cﬁg,n%%}:iaéaagt% Iingescé@%B Ztrﬁ%e%q%n 886r248%he back
control gate of eacHedptABlBY tRivyisiorsis Mereprsfiircbasihn betirieattilestene dnhyataierigure 4, the

back control gate B RGhasaesisieg i iamaLel01-90251irpdsd '?rBﬁf%lJﬁ"t??ﬂt dfe word line
n

WL1, WL2 coupled to the front control gate of the transistor forming thé memory cell. e context of
the invention, the HEUHBRFETBARR control gate is 25 used dynamically: the voltage that is applied to

it is effectively modulateiaccarsingtodhedyee pbeelltamise) eperateRfRIPG TR g&@sUre, read,
o e B RSSO E, e B contol s PR, RS
adjacent memory cells C1 and C2, as described previously. Also shown are
15 the various access or control lines to the different regions of the transistors:
source line SL linking the source regions S of each of the transistors, bit lines
BL1, BLZ used to address the drain region of each of the transistors, word
line WL1, WL2 linking the front control gate of each of the transistors, back
gate lines BG1, BG2 used to address the back control gate of each of the
20 transistors. in the preferred embodiment iliustrated by this Figure 4, the back
control gate BG1, BG2 associated with a memory cell C1-C2 extends in
paraliel with the word line WL1, WL2 coupled to the front control gate of the
transistor forming the memory celi.
in the context of the invention, the individualized back control gate is
25 used dynamically: the voltage that is applied to it is effectively modulated
according to the type of cell control operations (programming, erasure, read,
hold).
According to a preferred embodiment, the back control gate voltage is
positive for programming (which means that the programming voltage that
30 has to be applied to the front control gate can be reduced) and zero for the

other operations.



30has to be applied to the front control gate can be reduced) and zero for the other operations, 13
As a variant, the voltage applied to the back control gate can be negative in a hold operation, to allow
for a better retention of the charges in the floating gate. The invention is also advantageous in that it
makes it possible to 5 fabricate easily on one and the same substrate both flash-type memory cells
and DRAM-type memory cells with floating channel (DRAM being the acronym for "Dynamic Random
Access Memory").  Referring to Figures 1 and 2, thelglimination of the inter-gate oxide layer 13, 23,
or more directly the joining of the floating gate 11, 21 and the front 10 control gate 12, 22 in a single
control gate makes it possible to change effectively from a flash memory cell to a DRAM memory cell

in which the floating chagnel émec%nugfgg@%{%%d st il %%é}?;g[ﬁnw t%qéaaccﬁ*ﬁec%gtrol gate is

also advantageous for a DRAM cell in that it makes it possible to mo e effective threshold 15
voltage. An approPRE®EIE Hirgl Bpitherfickieonitoripmelen s betre Selaissime focretiateetis effective
threshold voltage {fer @mplgai positive voltage applied to a back control gate with no working
function), which makes_ﬁégossible_to increase the conduction current, advantageously in operations in

which the circuit has to Y& al BWERuIR L FOs A0 HIERHE cIiv MRl nBIRKSD JoRasadantalso be
increased (vies a ngaitetevelisigeapptiechialatkackreriibkgate With fravoriRo-engiignieNghich

T mvention thus S At Jse RS0 51 Jabr LA RoBGmaH S Ear Ly Al 4 frst set o
flash memory cellge@ndyasieroy sansf BRsn Semsoiaelisy The method comprises more
A L R
13, 23, or more directly the joining of the floating gate 11, 21 and the front
10 control gate 12, 22 in a singie control gate makes it possible to change
effectively from a flash memory cell to & DRAM memory cell in which the
floating channel 4 can accumuiate charges. |
It will be noted that the back controi gate is also advantageous for a
DORAM cell in that it makes it possible to modify the effective threshold
15  voitage. An appropriate control of the back control gate thus makes it
possible to reduce the effective threshold voltage (for exampie, a positive
voltage applied to a back control gate with no working function), which makes
it possible to increase the conduction current, advantageously in operations
in which the circuit has to be as powerful as possibie. The effective threshold
20 voltage can also be increased (via a negative voltage applied to a back
contro! gate with no working function}, which makes it possible to reduce the
leaks, advantageously in a globally inactive state of the circuit.
The invention thus extends to a method of fabricating a hybrid memory
array comprising a first set of flash memory celis and a second set of DRAM
25 memory celis. The method comprises more specifically:
~ & first series of steps common to said first and second sets of cells,
comprising, for each cell:
o the formation of a trench in the thin film,
o the coating of the walls of the trench by the gate dielectric layer,
30 o the filiing of the trench with a gate material;

~  sald first series of steps being foliowed:



the coating of the walls of the trench by the gate dielectric layer, 300 the filling of the trench with a gate
material; said first series of steps being followed: 14 o for each of the cells of the first set, by the
formation of the inter-gate dielectric layer on the trench and the formation of the front control gate on
the inter-gate dielectric layer so as to form flash cells with floating gate, 50 for each of the cells of the
second set, by the formation of a control gate directly on the trench, so as to form DRAM cells with
floating gate. It will also be noted that the back control gate of a flash cell according to the first
aspect of the invention can also be used as DRAM cell control gate, the channel 4 then forming a
floating channel for the DRAM cell. A hybrid memory cell is thus formed, comprising a flash cell on the

front face and a DRAM cell g the-hankaceeilSPAIMS: LeFIasNmempnatsl & HQ)ifansisting of a

FET transistor with a floating g[ate (10, 20) on a semiconductor on insulator substrate comprising a thin
film of semiconductor mater#a'8efialaEirfianea adbstissrhtans) hy darmatinging (BOXPMyer, the

transistor having, in the thinddatsc ghannel (Ad Fharapterigrsdpithaldy somprisesuRHROME gates, a
front control gate (12, 22) being arr r} ed above the floating gate (10, 20) and separated therefrom by
an inter-gate dielectric (13, %%ﬁaw&?a %&‘é‘f?%@ﬁﬁ% gate (6, 34-37) being 10 arranged within the base
substrate (5) directly under fbedashlefitig: (BDX)pidapersseasitedietsepar sdeddiomn dhe chanpel (4) only
by the insulating (BOX) layer, the twq, contral gates (10, 20; 4-37) being designed to be used in
combination to perform a cé{FéQroddF%Sm“ %%%ggﬁs |8ﬁf gf ﬁ}?eqr%i%i;ngeiﬁ?g%ggrc ﬁr%gf'gﬁ&fgq Irl];gin which
the back control gate (37, 38R®xtends under the entire width of the cell. 3. Memory cell according to

Claim 1, in which the bacgk: , i i facing th
Claim ; g'QtZVd% | e )ﬁ_%ff%@&%&méﬁ 14 BB RCHRHINEHER PR AT SXLERA QY facing the

the first aspect of the invention can also be used as DRAM cell controi gate,

10 the channel 4 then forming a floating channel for the DRAM cell. A hybrid
memory cell is thus formed, comprising a flash cell on the front face and a
DRAM cell on the back face.



4. Memory cell according to one of the preceding claims, in which the polarity of the back control gate
is of the same type as that of the channel of the transistor. 25 5. Memory cell according to one of the
preceding claims, in which the back control gate is insulated in the base substrate (5, 31) by a well of
opposite bias (32, 33). 1 6 6. Memory cell according to one of the preceding claims, also comprising
insulating trenches (38) extending depthwise into the base substrate to insulate the back control gate.
57. Memory cell according to one of the preceding claims, characterized in that it is of the fully
depleted type. 8. Memory cell (1) according to one of Claims 1 to 7, in which the floating gate (10) is
arranged on the surface of the thin film and is insulated from the 10channel (4) in the thin film via a
gate dielectric layer (11). 9. Memory cell (10) accorging@;one of Claims 1 to 7, in which the floating
gate (20) is formed in a trench made in the channel;and ihsulated from the channel via a gate
dielectric layer (21) arranged on the walls of the trench. 10. Memory cell according to Claim 9, in

which the FET transistor comprises a source region and a drain region that are arranged
asymmetrically in the THIaHiMeOBItSE! didle BHikeTRistRg ghe Frmé@nsigierchithrelfisatingt the drain

region is closer to gaesftaating asie:tbamisoisRIER Hegitflor BLyMEMORLAAYIFOIRKSIRgA plurality

of cells according tQ one of Claims 1 to 10 arranged in rows and in columns, in which a back gate line

is coupled to the BAcRTBMPSICGSE of R4EHTr SRPEENCAISH A AWare SHRFHAIRSE. Membry array
according to Clainng{eiting hisiOx weyeines(Wérkistd: 2hisapupled wiharoat el gate of each of
the cells (CI, C2) %Iggr%&é:%légﬁpnamgiiﬂ \év(g}rirg:hritglg ‘E’IVCKF%SIE& Iine BGl,gBGZ) extePgds Parallel to the
word line. 13. Mémory array comprising a uraﬁty 0 3 39% fs &r %e@mr wete (12,
22) being arranged above the floating gate (10, 20) and separated therefrom
by an inter-gate dielectric (13, 23) and a back control gate (6, 34-37) being
10 arranged within the base substrate (5) directly under the insulating (BOX)
layer s0 as to be separated from the channel (4) only by the insulating (BOX)
layer, the two control gates (10, 20; 6, 34-37) being designed to be used in

combination to perform a cell programming operation.

15 2. Memory cell according to Claim 1, in which the back controi gate (37, 38)

extends under the entire width of the cell.

3. Memory cell according to Claim 1, in which the back controf gate (8, 34,
35) is located in such a way as to extend only facing the floating gate (10,
20 20).

4. Memory cell according fo one of the preceding claims, in which the
polarity of the back control gate is of the same type as that of the channel of
the transistor.

25
5. Memory cell according to one of the preceding claims, in which the back
control gate is insulated in the base substrate (5, 31) by a well of opposite
bias (32, 33).



30and in columns, in which a first set of cells of said plurality of cells consists of flash cells in
accordance with one of Claims 9 or 10, and a second set of 17 cells of said plurality of cells consists
of DRAM cells with floating channel and control gate recessed in the channel. 14. Method of
fabricating a memory array according to Claim 13, comprising: 5a first series of steps common to said
first and second sets of cells, comprising, for each cell: the formation of a trench in the thin film, the
coating of the walls of the trench by the gate dielectric IaOyer, the filling of the trench with a gate
material; said first series of steps being followed: for each of the cells of the first set, by the formation
of the inter-gate dielectric layer on the trench and the formation of the front control gate on the

inter-gate dielectrig layiinory cell ad95BREN ©f B GSieef hecerondsshdy-ias tumationsf a
15control gate directly on the trench. 15. Method of controlling a memory cell according to one of
Claims 1 to 10. in/nsuiating trenches (38) extending depthwise into the base substraie to

insulate the back control gate.

5 7. Memory cell according to one of the preceding claims, characterized in

that it is of the fully depleted type.

8. Memory cell (1) according to one of Claims 1 to 7, in which the floating
gate (10) is arranged on the surface of the thin film and is insulated from the

10 channel (4) in the thin film via a gate dielectric layer (11).

9. Memory cell (10) according to one of Claims 1 to 7, in which the floating
gate (20) is formed in a trench made in the channel, and insulated from the

channel via a gate dielectric layer (21) arranged on the walls of the trench.

15
10. Memory cell according to Claim 9, in which the FET fransistor comprises
a source region and a drain region that are arranged asymmetrically in the
thin fitm on- either side of the floating gate formed in the channel so that the
drain region is closer to the floating gate than is the source region.

20

11.Memory array comprising a plurality of celis according to one of Claims 1
to 10 arranged in rows and in columns, in which a back gate line is coupled

to the back control gate of each of the cells along a row or a column.

25  12.Memory array according to Claim 11, in which a word line (WL1, WL2) is
coupled to the front conirol gate of each of the celis (C1, C2) along a column

and in which the back gate iine (BG1, BG2) extends paraliel to the word line.

13.Memory array comprising a plurality of memory cells arranged in rows
30 and in columns, in which a first set of cells of said plurality of cells consists of

flash cells in accordance with one of Claims 9 or 10, and a second set of



which, during a cell programming operation, the front control gate and the back control gate are used
in combination by applying a first positive voltage 20 to the front control gate and a second positive
voltage to the back control gate, said first voltage being less than the voltage needed to programme
the cell when no voltage is applied to the back control gate.

10

15

20

cells of said piurality of cells consists of DRAM celis with floating channel and

control gate recessed in the channel.

14. Method of fabricating a memory array according to Claim 13, comprising:
- a first series of steps common to said first and second sets of cells,
comprising, for each cell:

o the formation of a trench in the thin film,

o the coating of the walis of the trench by the gate dielectric layer,

o the filling of the trench with a gate material;

— said first series of steps being followed:

o for each of the cells of the first set, by the formation of the inter-
gate dielectric iayer on the trench and the formation of the front
control gate on the inter-gate dielectric iayer,

o for each of the cells of the second set, by the formation of &

control gate directly on the trench.

15. Method of controlling a memory cell according to one of Claims 1 to 10, in
which, during a cell programming operation, the front control gate and the
back control gate are used in combination by applying a first positive voltage
to the front control gate and a second positive voltage to the back control
gate, said first voltage being less than the voltage needed to programme the

cell when no voltage is applied to the back control gate.



