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 a5 semiconductor on
insulator (Se01) substrate, formed by a field-effect transistor FET that has a floating gate. The
inventidn 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 Fla§i-tyte MieMey caFk- JOpARPEMAENG thad TEQ NN ZBNGIRDMGSHET transistor,
apart from the fact that the flasheirgasisionas ivegatasdnsteasef g@\%ﬁﬁtop gate corresponds to the
control gate of the transistor (as is the case for other MOS transistors), while another gate, the floating
gate, is arranged betwegn fheceniEqhgaigang the channel of the 15 transistor. An inter-gate

dielectric layer is arranged between the conirol gate and the floating gate, while a gate dielectric layer
is arranged between tﬂgé‘ﬂéﬁlﬁgﬂgé‘fﬁ ARGBIHOBR SN A %WBBH‘%@%%‘&%& %ﬂg iS'%fy insulated

by these dielectrigpiaiensrshvgest easnhestiveddberaiprisnpariauaity dirabteomareiar. 20The
example of an NOR-ty;?ﬁaflasvré [(1:€I9(I)Inclc_){.3 g{'sgnr% of analr\lul\éll%sritr?cp%i%tgr i§tdeescrigr%d heégfpgglgw. Such a
cell is equivalent in its in etive State 1o aefoglcqrf'%ecause 5 curren?%o%ps tﬂ?ou&ﬁrythe channel by
applying an appregrsitonciteige tortheneoittol gite(Buctlastsitearidreproghamandit{tesstecit to the "0"
logic state) by then%ﬁé%‘f&"’ P r&%‘?dﬁ‘ég tQaﬁHaHr?ﬁg‘g&fé ol Slecion ”5&8%94189%‘%10”- A

very high voltage is applied to the control gate The drain. The channel is passing so that
electrons flow fromamsbafcatEarsislam of e BoUREE. RhimetiveheRiitheh YisitiestyaRiyR for

high-energy electropg dRairelssironsd esiitinaremHgneplisign of the charges with the crystalline
BACKGROUND OF THE INVENTION
10 The structure of a2 Flash-type memory celi is, globally, similar o that of 2

conventional MOSFET ftransistor, apart from the fact that the flash transistor
has two gates instead of one. A top gate corresponds to the control gate of
the transistor (as is the case for other MOS transistors), while another gaie,
the floating gate, is arranged between the control gate and the channel of the
15 transistor. An inier-gate dielectric iayer is arranged beiween the control gate
and the floating gate, while a‘gate dielectric layer is arranged between the
fioating gate and the channel. in as much as the flcating gate is fully
insulated by these dielectric iayers, charges can be stored therein in a
particularly durable manner. |
20 The example of an NOR-type filash cell consisting of an NMQGS
transisior is described hereinbelow. Such a cell is equivalent in its inactive
state {o a8 logic "1” because a current flows through the channe! by applying
an appropriate voltage to the control gate.
Such a cell can be programmed (o set it 10 the “C” logic siate) by the
25 following procedure that implements a hot electron injection phenomenon.
A very high voliage is appliec o the control gate and o the drain. The
channel is passing so that electrons flow from the source o the drain. The
- source-drain current is then sufficiently high for high-energy electrons {not
electrons resuiting from the colilsion of the charges with the crystaliine.
3¢ network of the channel; to reach the fioating gate by passing through the

. gate dielectric jayer.



30network of the channel) to reach the floating 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" logic 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 wathpesegnameredronseidsherinmpoiaat irntieridighy olagevsiappiiesdo the drain

so that a high voliage,.of site,polarity. tg_that implemented in programming, is thus applied
between the cont{r% g%?an% h\éos;% r%e‘.y %éeeallgg{}%saﬁo iel tfgtw”zee% %néstvvo%ééi@??ﬁére Ses until

electrons can esoap@dsirothapfitaginggatenthiootgates dateadipteetrichayendy tuitagleetfect.
During this erasuiis.opsyigiiegy (e diapinagite ilaicrarBases ad e ankaiRaIRSROld voltage

of the transistor decreases. In order to read\)t%e cell, ano read voltage IS applied to the

control gate. Dep&Rd eI 6is e iStdtasabientocBR (PrSGHaMmENbsERisediotievaotrinsigtotls either
passing (ON stategikifiig &0 lecked dRGFostae #hib isRE0aMNeDien: A RASilyanwitage is

also applied to the drain (any value below VDD to avaid disturbances while obtaining an adequate

read signal). The EARSIHIRABHTKE ARG RRGEHFRRetarisRREsRe o8l ShiiysiCamplifier can then
read 25either the curremeoeshecualiogedion (reSaich fiash cellsghaveatbe syaydpagkdghatawery high

woege st e SERUEE 0 ol e i Pise g praten pgnRs s o
16 and whether it contained a “0” or “1" (that is to say, whether it was
programmed or not) is unimportant. A very high voliage is applied io the drain
'so that a high voltage, of opposite polarity to that impiemented in
programming, is thus applied between the conirol gate and the source. The
electrical field between the two gates increases untit electrons can escape
15 from the floating gate through the gate dielectric layer by twnnel effect.

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

In order to read the cell, a nominal read voltage VDD is applied to the
control gate. Depending on the status of the celi (programmed or erased), the

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

A positive voltage is also appiied o the drain (any vaiue beiow VDD to
avoid disturbances while obtaining an adeguate read signal). The drain will
then be discharged if the transistor is ON. An anaiysis amplifier can then read

25 either the current or the voifage drop. |

Such flash celis have the drawback that a very high voltage must be
applied to the control gate during programming operations io generate the
hot electrons capable of reaching the fioating gate through the gate dieleciric
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



30As it happens, such high programming voltages are undesirable in as much as they increase the
complexity of the design of the peripheral circuits 3 (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 FFPSIOR sGSHARS HRTIRG SR SORRIBNBHEERS 3yt ARTUEHBR REFRERARUtEg layer
separatedyBydr e e sashighing lexrss T ek BRRIGM Ry gartagwieesdvaserasrieirpopol gates, a
front control gate and a back control gate. The back control gate is formed by the back semiconducting

layer and RHIPEARLShERAPABEBIA L SRlfictive material that extends all over the back

semiconducting)ig\erapd B! pepakigisb el PR UG Al g latalgriexeidoyrihe $askapgire@nducting
layer. The back control gate is not sujtable to be used forgerfor*min a prog ammiré%é)%eéagion
Fé’ﬂii‘?zf

because ORHBHRBACK SEFY HHEDIRYEL ARE AR SRR SR il
DESCRIRFIQN QFiddHEndIVENG | Rler. FBbEtiPROMOHbAIBYeBtign-Reek tRdrevisieraigesponse to

these problems of design complexity regarding the peripheral circuits_gnd of reliability of the cell and of
the circutGRTYRAGAIES: ST i@ GERHGH GPUR AR, BEESTERRE FRPadbBL e IR cel

consistingsfahbd banssioasktberfioatingopate o seicobauktighaN dastrioh s bale

comprising a thin film of semicgnductor materjal separated from a base substrate by an insulating
ayor, the OGS RAG A, (HEERIATRS Pl Aol Er APRS TR N D S Y- B8 84S control
gates, a feyparanddfgatetheiparastaingathing e ybefloatn o geitesantlaanriveted theelPREbY an
inter-gate die|ectric ar)d a back contro% beina%‘arran%%d within ﬁhe base substrate directly under the
insulating78Gér S8l 4 dSaRdb s Fhd THARNEF Iy By RS LIRS IRRFT3AEHDS control
gates beipgglegignedde-ue dissdiiecdmiings oseiv-petitay i CBH K OgaesN BUREaePEralDIthe  Some
preferred, but noglimiting, embodiments of this memory cell are as follows; - the back control gate
extends u NRETERRE width of the cell; 4 the back control gate is located in such a way as to
extend only facBRiEFeIESGRIPTAMN CreTHEANYERMEe#ack control gate is of the same type as that of

the channel of r%i:t:nroa x%sétrq{é of the invention seek to provide a response to these

problems of design complexity regarding the peripheral circuits and of reliability
of the cell and of the circuit in general.

The invention provides, according to a first aspect, a flash memory cell
consisting of a FET transistor with a floating gate on a semiconductor on
insulator substrate comprising a thin film of semiconductor material separated
from a base substraie by an insulating layer, the transisfor having, in the thin film,
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 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 to be used in
combination o perform a cell programming operation.

Some preferred, but nonlimiting, embodiments of this memory cell are as
follows: '

— the back control gate extends under the entire width of the cell;



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? 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 closer to the floating gate than the source region is. According to another aspect,

the invention relates tara meokosyrrey; a2 comprisinihaspltticdity 9f eells asgerding ip theriyst aspect
of the invention a{r in rov¥s‘ and in columns, in which a back gate line is coupled to the back

anged.
control gate of ea&?%%ﬁ?@%ﬁ% %Iong a row or a column. A word line can be coupled to the front

control gate of each otiteepcddistalontha talthnuriivel haste gatefline extepdineinparalieltenthe word

line. 25 According to yet angther aspect, the invention relates to a memory array comprising a plurality
of memory cells a(“gr?grq}ég}dolﬂ%gv%sagﬁ%%ﬂ’columns, in which a first set of cells consists of flash cells with

a floating gate recesséudnbthek chaming| ga&cdoidanteaauitmtheditsiaspecthtbebipention oand a
second set of cellgpg%ﬁ'gﬁ Of DRAM cells with a floating channel and control 30gate recessed in the
channel. : ’

- the cell aiso comprises insulating regions extending depthwise into the

base substrate {o insulate the back control gate;

- the cell is of the fully depleted type;

16 - 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 fioating 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 closer to the fioating gate-
than the source region is,

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

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

A word line can be coupled to the front control gate of each of the cells
along a column, the back gate line extending in parallel 1o the word line.

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

30 gate recessed in the channel.



5 According to yet another aspect, the invention provides 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 6f DRAM memory cells with floating channel and

control gate re%?sse in the cha&nsefl?. '{%e method c rises: a first series of stﬁ)s common to said

first and seconB SEEXHLelR, ¥EMARSHE (ARG cHIE R BHRSH A DF AP AU IRNH film, the
coating ofsbeiowaite; ok thednemgh Ay dhegaiedistectsicHiayesethss fifling ohbesignebiwitvighgate
material; said first series of steps being folJlowed: for.each of the cells of the first set, by the formation
of the mid EBURSRACRTETBSEP it B AT HETCHTAAEN cFirB JECAmPEEbE Sifme
inter-gatejgielettic imkra seach séthd GRAM the:sregndeatiet, witiiotaimpiipamia camrol gate

directly on the trench.  An embodiment of the invention glso extends to a method of controlling a
momory AT TRL SRR ABATRES AR EEPEY e TFIRACA Aok SRimg a cell programming

operation, the frenfigenketisatepnridpe baaknsontiel gaig aipstisadinseesingten &y agdying a first
positive voltage to the front control gate and a second positive voltage to the back control gate, said

first voltage beintPEEEIEAg {78 $8RAGEheeded to programme the cell when no voltage is applied to
the back control gatg. BRAESrRERSFRIPT EINGDRnTIHE BRANINGS  Other aspects, aims and

advantages of the pres?%r‘lt invention will become more apparent from reading the following detailed

description of prefefred 8RR A SRS gL AeRGRIMYifNG SHTIRIECHITIAVEN reference to the
appended drawingsdn yraigiiind-tsfures ireeie sati sasd asstbleagmbodiment of a fully-depleted planar

flash memory cell according to the invention; 6
~ 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 layer on the trench and the formation of the front control
gate on the inter-gate dielectric layer,

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

An embodiment of the invention aiso extends to a method of controlling 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 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 o the back

control gate.

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:

—~ Figure 1 represenis one possible embodiment of a fully depleted planar

flash memory cell according to the invention;



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 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. 15AcERygiag teeprpeieiseshentedimeinibednrauating daygstisdayesy, ofHi02.
According to an advaptageous variant, the insplating layer comprises a layer of Si3N4 sandwiched
between two layers ﬁF 102" pie?e@@ﬁ%??ﬁiﬁ%%?ﬁ&é@f‘fmﬁér‘t@uiwﬁﬂﬁ,”&vgfﬁﬂ?& region 2, a drain
region 3 and a channdiigusepaaiihg ithetsaieragifegion &émmdhedsaim2esegioforning Imfdgure 1, the
drain D and the S%}ﬁ&?ﬂ &%%% ga%(%nct:act[ Wilth t[he b#}rlegl oxide B%)_é(t layer so that the FET transistor is

fully depleted. e sou Can thus be Shared befveen ano aﬁjacent memory cells (along a row
of a memory array exteigdiegiin tregsiants of Fiopre@a; thez 25 eclomnsrodtheateniony array extending

perpendicularly to ng}?&??‘?ﬁﬂgm E? %%% Ing means that the space occupied by a memory
cell can be reduced. It will be un eras{atl(z)jf) t &?t e#l?'/ention is not limited to a fully depleted memory
cell but also extends to a memory cell on partially depleted SeOl.

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

10 of an FET fransistor with floating gate on a semiconductor on insuiator
substrate comprising a thin film of semiconductor material separated from a
base substrate 5 by an insulating tayer, typically a buried oxide BOX layer.

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

15 According to a preferred embodiment, the insulating layer is a layer of
Si0;. According to an advantageous variant, the insuiating layer comprises a
jayer 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
oxide BOX layer so that the FET fransistor 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 extending perpendicularly to the plane of
Figure 2a). Such sharing means that the space occupied by a memory celi
can be reduced.

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

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

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



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 7 cells from one another. This is
conventionally done using insulating trenches (according to the STI - "shallow trench isolation" -
technique) extending depthwise from the surface of the substrate to the BOX.  Referring to Figure 1,
the flash memory cell 1 comprises a floating gate 10 extending on the surface of the substrate above
the channel 4. The floating gate 10 is insulated from the channel via a gate dielectric layer 11. A
front control gate 12 is arranged in a conventional manner that is known per se above the floating gate
10, an inter-gate dielectric layer 13 being interposed between the front control gate 12 and the floating
gate 10. 10 The faghfroemony aabthaisTigonnisesatback contiel gate; thauanggdratitiadhe base

substrate 5 directly under the insulating BOX layer, so as to be separated from the channel 4, only by
the insulating Bot(gcig%cﬁng ?‘Frr}és“ ?nag’ﬁgﬁ/ cserﬁa[%vg ﬁ%‘?é’ ?wo‘%%%ﬂ%'ﬁgeite%?ﬁ%qﬁg%tec)gﬁﬂ iInSate 12
used conventionalgnthwdsehiedadke confeniegaiténé putystrade foythlseBiovention 15which is in particular

designed to be used i@g@%@rﬂoﬁ@m@ ‘ﬂ%ﬂ&oﬁéfﬁi%%%gﬂye?%ﬂg?ﬁ%&%‘r&%%e%%%irﬁ%{ 9

operation.  As a purely ative'example, the ness o e sem uctor on

insulator subStrattlischtandiea DB i Hd8eena], the thidiaieds ciihesinbglatienisiet is Between 1.5
nm and 50 nm. 2QkigHEEAdusIRRR aRetharRTAb IS smhadimen At a bk denigied 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 &G &SN ER It @NgsRe N ThRBYEREPate M ethiBatae fills a
trench formed in K ihickaess aiibeLChanTRIAing grie dielealriclayesAd bring#Ramkgsged on the

walls of the trencges[gge}%tte?gg%lél(??e h%fgl‘? ?ltxig grgr%t%c?n(%rg%nata 12 and the floating gate 10.

10 The flash 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 insuiating BOX layer.

The memory cell thus has two controi gaies: the front control gate 12
used conventionally, and the back conirol gate € proposed 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 exampie, the thickness of the thin fiim of the
semiconductor on insulator substrate is between 1.5 nm and 50 nm, the
thickness of the insulaling layer is between 1.5 nm and 50 nm.

20 Figure 2 iliustrates another possible embodiment of a fully deplsted
fiash 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 ficating gate 20 in this case fills & trench
formed in the thickness of the channel 4, a gate dislectric layer 21 being

25 arranged on the walls of the trench s0 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 fiilm thicknesses,

30 for example up to 300 nm.



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 control gate thus provides a boost effect). Because the current is
higher, the current density also increases since 5 theglimensions of the flash transistor remain
substantially minimal. Using the back control gate therefore makes it possible to obtain hot electrons at
a lower voltage when programming. The programming voltages can thus be lowered, which
considerably helps in tireedesigsi dfi¢herpiesiihesalciteusitsive istrengibens, thiesrediakilitywfshe cell and
of the circuit in geperal. . [ [ ample far the current technologies implemented in 2009,
the -programming%%%zén@%v%%sa%ltﬂéggs%ﬁir%%@ 6?%?0%\7? Qﬁggﬁl{éﬂ%ﬁh‘:\%ﬁgg&‘% Ot theSorder of -4V
to -6V. The inventipgraiieitdihmaRes topdsdiptdadhowerdydesprdxinsitefiedi0% the voltages required for

programming, and thegelosedo fave rodahly igameagplitides farihe Jopioaraqmigg and erasure

operations. It will be noted that, instead of lowering the programming voltages, it is possible to
utilize programmifi§ WRaHEO RS Bidiafrshiphaisier (Baif thebbikiabntmingaes tHeimenakes it
possible to reducgdfie tivgrhegsiadiraaEN Auhiie RrogsasMiNg WESHef Radiswas intesest for a

flash cell which is 20conventionally not very fast in write mode.  The polarity of the back control gate
i

6 is preferentially QNG5 EI5s Y8k BOHE TEREy p B L IRIFFIHECHANAGRST B8 tHalsi8for (or an N

type polarity for dovrdttypedansisiosrabh typlepalatity desiaPMRrsansisBerafAdhcasbaleyvoltage of
the bottom transigpr istgefin%%leip ﬁggﬁna Way. Zgi,[—mwev the inyention alsp extends to a back gate
0 a

that has a working \%Wag%nfp arity oppgslte 6 i %’??h% ‘{r%%H‘?letS?)r.‘?ﬁ his particular case

however, th&dthreshold\waitadeietf stigsransistoe ibmtreasedanttiths thuriasereskang tegpply a higher
voltage to the bagkgoniral gats nmeell RTaGRIMINIRRERAIB e order of 7 to 9V, erasure
with voltages of the order of -4V to -8V. The inveniion overall makes it
possible to lower by approximately 40% the voltages required for
programming, and therefore to have roughly the same amplitudes for the

15  programming and erasure operations.

It will be noted that, instead of lowering the programming voltages, it is
possible to utilize programming voltages of the same amplitude. Use of the
back control gate then makes it possible 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 so as to
be of the same type as that of the channel of the transistor (or an N type
polarity 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 aiso extends to a back gate that has a working
voltage (poiarity opposite to that of the FET transistor). In this particutar case
however, the threshold voltage of the transisior is increased and it is then
necessary to apply a higher voltage to the back control gate in a call
programming operation.

30 According 1o one embodiment that is not represented, the source region

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



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 regionis. 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 gate voltage
then follows the drain voltage according to a coupling that depends on the ratio between these
coupling capacitors. By implementing an additional N- or N+ implant in the drain region so that it is
closer to the floating gate than the source region is, the drain-floating gate coupling is increased. The

electrical io field tretwendheitrantgastdlpatdanmhthefloatna-aats therinsreases walliey tunnel
effect, electrons pass fron? cm?sf!: gstigrg[ gﬁge ;P the front control gate. Iz%%ures 3a-3k represent
5t Ci@E8htrol gate in the base

different steps of p{)sgifgefg Sequences In cons rﬁ%{ﬁ%&% iﬁgﬁ%%iﬁa[ﬁ%a
substrate, These 15 figuresishasbathdheratise ofznPhypmadeliad Nyypedasiieontroligiite.  Figure

3a represents an .substrate isi in fi emi r material 30 separated from a
base substrate 3%%/%&%?@ gt%ng%%%kﬁa%ﬁ]r%g f|grgtEj ﬁ)%,%%&ﬁﬁé%%mﬁ%s c%{[Irﬁlee BgF?r[]V‘eP%e"lrﬁ the Se01

substrate so as 2th8 dnsiinogie Becedxarianigapndiol indtteradikiatingndatatantetrnizaion steps
(formation of wellg|RRgk FRNER)IAIESHRSHIHIIEISHUSIU e BifnY that! BEHIIRISURSIHRIG Marking step
thus consists in forming, in the substrate, a groove, a trench, a mesa, or any other sign (such as a
cross for examplé}?tween these coupling capacitors. By implementing an additional N- or N+

impiant in the drain region so that it is closer fo the floating gate than the

source region is, the drain-floating gate coupling is increased. The electrical

10 field between the front control gate and the fioating gate then increases until,

by tunnel effect, electrons pass from the fioating gate to the front control

gate.

Figures 3a-3k represent different steps of possible sequences in
constructing and insulating 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 material 30 separated from a base substrate 31 by an
insutating BOX layer.

In a first step, alignment marks are defined in the SeOl 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
substirate, a groove, a trench, a mesa, or any other sign {such as a cross for
exampie).

25 Figure 3b to this end illustrates the formation of mesas by surface layer
etching. 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 layer, with a view to
uttimately insuiating one or more back confrot 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 Ineach 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 1'1045 and 5" 0,1 .16 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-lypavedi3F2and=aBcN3ypeavel 38dHave Heapspradused dossualls 82, 33 are

insulated from ong another by a.pn junction, n_Figure 3e, both a P-t well 32 and an N-type well
33 have been pro%’tie:é?agg’s'{g itggﬁrtiea§%r. %r? @B{t)?ﬁe .ﬁ?ﬁ%t%°&$%%&ﬂfg% 5439518618}% roduced,
extending, from tigpitataceoiehe $801°sutbtate, Uomier the insulating BOX layer, depthwise in the

b bstrate 31, thigtre iding the insulatien bet n ell . 15The doping level in
thaessv:Illjs ifr?:igures 3§ﬁ3dﬁ§$}d‘%{;%¥i’s t%pi%a%}g%etl\?v%@en *\%%% ag)r%:é é\ilédsﬁfgggr%%]b% Itéa v?/ﬁﬁﬁte noted

that the step$ neddeHHM AR tAE hadnreieiiaprBsahtieyen Mdhred-3radast Sbaraisased on
standard CMOS fgpricaion. fiethads. ZORIAIRGAQIIES REHCIHES (ERiESeled R Eigyesic
(respectively junction.

In Figure 3d, both a P-type well 32 and an N-type well 33 have been

produced. The wells 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
produced, as in Figure 3d. An SThtype insulating trench 38 has also been
produced, extending, from the surface of the SeOl substrate, under the
insulating BOX layer, depthwise in the base substraie 31, this trench
. providing the insulation between the wells 32, 33.

15 The doping level in the wells of Figures 3c, 3d and 3s is typically
between 510" and 5710% cm™®,

It will be noted that the sieps needed fo fabricate the structures
represented in Figures 3c, 3d and 3e are based on standard CMQS
fabrication methods.

20 Starting from the structure represented in Figures 3c (respectively
| Figure 3d and Figure 3e), dopant implantation is then implemented in order
to form back control gates 34, 35, 36, 37 within the base substrate, directiy
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, 36,
37 is insulated from the base substrate 5 by a well 32, 33 of opposite bias (P-
type weli 32 for the N-type back control gate 34, 36; N-type well 33 for a P-

30  type back control gate 35, 37).



Figure 3d and Figure 3e), dopant implantation is then implemented in order to form back control gates
34, 35, 36, 37 within the base substrate, directly under the insulating BOX layer as represented in

. Figure 3f (respectively Figure 3g and Figure 3h) 25The doping level to form a back control gate is

typically between 5'1018 and 5* 020 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). Il
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 substraiie k) o‘élée/vﬂr tmﬂu@éeﬁ t@aWQen@@IHméhq)mw@dﬂ@ﬁﬁei§ %@&egiﬁ@éhat the

diode created by the elec ical node be ontrol nd the well |s reversed,

the diode then msﬁatlnarfﬁg ﬁgcﬁ‘?‘tr} it&?& %I?%rﬁﬁ??&%%’fﬂ%ﬁé’% Wgﬁtacontam

(other back contrél-pyate shagbatimmuita). gm&c&ﬁrwbngzMBagHSt dnﬂmqlmeﬁheenﬂdaaatﬁd bmBégure 3h,

the back control %%h % g xtends under the entire width of the well 32, 33. In this particular case,
nc % insu

the insulating tre tes the back control gates 37, 38 from one another. According to another
embodiment Fepresentédvil Prym@sy tiee lggelerally, 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 well and from anything that it might contain (other back control gates in
particular).

10 According fo a first embodiment represented in Figure 3h, the back
control gate 36, 37 extends under the entire width of the well 32, 33. in this
particular case, the insulating french 35 insuiates the back control gates 37,
38 from one another.

According to another embodiment represenied 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 insuiating 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 ar partly confribute to insulating a back conirol gate from the
base substrate,

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

25 the insulating trenches are also filled, by deposition of a dieleciric. This filing
implements standard passivation tfreatments 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

30 by the duly deposited dielectric.



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 control 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 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. Onk aviinoeetrapsistormdershegamentypesd carcisindatarnies ineaahef the

regions of the thin film 30 delimited by the insulating, regions 39 formed 3 the duly deposited
dielectric, 12 ﬂr%ipﬁg\%rb%ﬁﬁ%n SN ?r%ttmh Q r%@éri]r%vfﬂ%?%fﬁg? i%?{‘ﬂv&fjﬁgé% for a flash
memory cell that ANatharvémdivadsializdy thacketerragze . b theoversineast; entydhewallscaranged

along one and th r hare the same back
control gate. 5A gﬁ;{ggtge% ing ?g %@r}c%hhp%eﬁﬁ@%hﬁg%}gg g&%%rgo{%ga%?’aé% §f0 ﬁ{el% é:g%éealong a row
oracolumn.5 It &PcKriEe g IS Kiewnerpeieselcatimitikembolipiid of srchraftiierieds gate of

each of the cells 3lgng & eRiLEra ebiigmemory array. Preferentially, provision is made for the back

gate line to extend in parallel to iothe word line (the back control g?,ate effectively assisting the front
control gate during préBranfiaiegr that fs known per se, a word Tine is coupled to the front

control gate of each of the cells along a column of the memory array.
Preferentially, provision is made for the back gate iine to extend in parallel fo

10 the word line (the back control gate effectively assisting the front control gate
during programming).

Figure 4 shows a topology of a memory array conforming to a preferred
embodiment of the invention. In this figure, the dotied lines identify two
adjacent memory cells C1 and CZ, as described previously. Also shown are

15 the various access or control lines to the diﬁerent regions of the transistors:
source line SL linking the source regions S of each of the transistors, bit iines
BL1, BL2 used to address the drain region of each of the transistors, word
fine WL1, WL2 linking the front control gate of each of the transistors, back
gate iines BG1, BG2 used fo address the back conirol gate of each of the

20 fransistors. in the preferred embodiment illustrated by this Figure 4, the back
control gate BG1, BGZ associated with a -memory cell C1-C2 exiends in
parailei with the word line WL1, WL2 coupled to the front control gate of the
transistor forming thé memory cell.

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 zerc for the

other operations.



Figure 4 shows a topology of a memory array conforming to a preferred embodiment of the invention.
In this figure, the dotted lines identify two adjacent memory cells 01 and 02, 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, BL2 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 illustrated by this Figure 4, the back control gate BG1, BG2
associated with a memory cell 01-02 extends in parallel with the word line WL1, WL2 coupled to the
front control gate of thagransistanforinmy titegaeappiedelio InHbebaahtedrdf dhey swentionbdhe

ndividualized bagl eqnjco) 21 2RSRELCNRARIGAN; (g yelans nable SRR gifectvely

modulated accor control operations’(programming, erasure, re d).
According to a pitéfefieatiegnis@igiment, the back control gate voltage is positive for programming (which

means that the prograﬁp,lgnr}g,gg{}agelghg éo%%éﬂtgge%‘?@i%%é@%tfrﬁfgl@%”%o% galgean pe reduced)

and zero for the other operations. As a variant; the voltage applied to the back control gate can
be negative i a RIS cARY 9 &Iﬂtﬂ/\?fﬁi ﬁ‘%éﬁ@?@éﬂé‘?ﬁ’%ﬁ%gﬁé RaFGBO Mt ARaSsYSgate. The

invention is also geyapRacPumE halfonakesdt Ragsibledehs fahdeale easiuon BagaNAdhe same
substrate both flash-t ej/ e me X,écells and DRAM-typ memor cells with floating channel (DRAM

being the acronyAFIBF¥ByRaMME BEHASATKOGRECR S Referrlng to Figures 1 and 2, the
elimination of the interRgdéerioxgide Fiyerst31 2840, Enerehdfﬁaeﬂxbrthﬁ‘ joming=oltite Heatnggate 11, 21

o e ont 10 o e R ORI R pesals o s ooty
charges. 10 control gate 12, 22 in a smgie Control gate makes it possibie to change
effectively from a flash memory cell to a DRAM memory celi in which the
floating channel 4 can accumulate charges.
it will be noted that the back control gate is also advantageous for a
DRAM cell in ‘that it makes it possible fo modify the effeciive threshoid
15 voltage. An appropriate control of the back control gaie thus makes it
possibie to reduce the effective threshold voltage (for example, a positive
voltage applied o 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 possible. The effective threshold
20 voliage can also be increased {via a negative voltage applied fo 2 back
control gate with no working function), which makes it possible to reduce the
leaks, advantageousiy in a globally inactive siate of the circuit.
The invention thus extends to a method of fabricating a hybrid memory
array comprising a first set of flash memory cells and a second set of DRAM
25 memory cells. The method comprises more specifically:
- g first series of sieps common o said first and second sets of cells,
comprising, for each csli:
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 filling of the trench with a gate material;

~ said first series of steps being followed:;



It will be noted that the back control gate is also advantageous for a DRAM cell in that it makes it
possible to modify the effective threshold 15 voltage. An appropriate control of the back control gate
thus makes it possible to reduce the effective threshold voltage (for example, 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
possible. The effective threshold 20 voltage can also bg increased (via a negative voltage applied to a
back control 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 menferysatayocaneptisiRgc firstmet ekflash memanisarlls angha seeend set of
DRAM 25memory cells. The meg?eid

amprises mare specifically; - a figst series of steps common to
said first and second sets GFCEl %ﬁ%‘”b?i g aF ethgh {:eerPf?,B ﬂﬁ}éfg}?niﬁfg?%?% REH&% Ftie thin film,
o the coating of the walls oftinérdiegste ynthiesgatedigectdzlayer; 30@theofilingoofdhe ftegich with a
gate material; - said first seééqii %t?nt?i%%tlﬂ%ﬁn {8llowed: 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 layéerseaal @ ibenealishidaissanbritbasing yihe, istietieach atundroklls of the
second set, by the formatiag,ef 8iRo0isabeaie diepkly 8B heyanch. s ap odarmARANcells win
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®8$o be used as DRAM cell control gate, the channel 4 then forming a

floating channel for the: RAM el Aotadrithiiesniceligdhdadormsdiacamanisigaifiash cell on the
front face and a DR cell on the back face,

the tirst aspect of the invention can also be used as DRAM cell conirol gaie,
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 csli on the back face.



15 CLAIMS 1. Flash memory cell consisting of a FET transistor with a floating gate on a
semiconductor on insulator substrate comprising a thin film of semiconductor material separated from
a base substrate by an insulating layer, the transigtdr having, in the thin film, 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 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 d%to be used in combination to perform a cell
programming operation. 2. Memory cell according to Claim 1, in which the back control gate extends
under the entire width of the cell. 3. Memory cell according to Claim 1, in which the back control gate
Is located,in F‘P&Qﬁd’i’éﬁﬁ@?ﬁ%&ﬂ@&%@%da&f@ tPEflaatingdaiewith MemRanneel Aeresiag 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 cfaREGPARSISIOR. 05, MEHBIOr calleitaleling wroakef théhieBERiIRf G8MISORFWAIRh the back
control gaieyis ipsulaind dreierBase WSl Ay awvel AfRrasieRiasad, M emanses!l according
to one of the preceding claims, also comprising insulating trenches extending depthwise into the base
substratehti@vingulfidhadiadkeoatdiagmel, 7. Memory cell according to one of the preceding claims,
characterizeddndhi@dbigPhikhe itboRgRIskd iyBePrienaBs cell RERPTEHIENN 9aOb&iIfMs 110 7,

in which the floatinga?%ate is arranged on the surface of the thin film and is insulated from the channel in
the thin fiFergagabaedbacliapiingoomtenming earacatedin esebibr affis INES-8aie which the

floating gaieis-iREMSAdNP BACBIAS indhe eRangShrRMbsURIAH e thechanmriMea gate

dielectric layer arranged on the walls of the trench. 10. Memory cell according to Claim 9, in which the

FET trans$i§eftto dba bsyietingdrienne adfaineseparaiaddrerarthaqaRRaghRRbIARAIlY in the
thin film op gither $ide 9 thelloairg gate Iumed igdhsschanng! srdhpide grapuregian isiploser to the

floating gate than is the source region. ) )
combination to perform a cell programming operation.

2. i\/iemdry cell according to Claim 1, in which the back conirol gate extends

under the entire width of the cell.

3. Memory cell according to Claim 1, in which the back control gate is located in

such a way as fo extend only facing the fioating gate.

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.

5. Memory cell according {o one of the preceding claims, in which the back

control gate is insulated in the base substrate by a well of opposite bias.



11. Memory array comprising a plurality of cells 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. 12. Memory array according tgClaim 11, in which a word line is coupled to the
front control gate of each of the cells along a column and in which the back gate line extends parallel
to the word line. 13.Memory array comprising a plurality of memory cells arranged in rows and in

columns, i ich a first set of cells of said plurality, of cel IS as lIs,] nce with
one of Clépmvé% BF %,%enﬁd a5eont sgc% o%r%? il@%f%@% %?ﬂﬁ§|it§a§fé%’||Sgé%8r'ls?§t}§?8c¥?§§l\/l cells
with floatiingiedingelrenchemesiending depdbwisetiete Hiaenba s sNisHeateoladpaetaiagtAememory
array acCgEHR@ A FdpAE3, comprising: 5- 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 layer, the filling of the trench with a gate material; 10- said first series
of steps beinlyléstionedelifaceacting theooellsfofhefaseditg miaimsiorhratiotenized imtdvat éte dielectric

layer on t eﬁ{%q‘g?ﬁgd%gﬁé{gg%@ of the front control gate on the inter-gate dielectric layer,
for each of the cells of the second set, by the formation of a

8. Memory cell according to one of Claims 1 to 7, in which 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.

9. Memory cell according to one of Claims 1 fo 7, in which 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.

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 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 is the source region.

11.Memory array comprising a plurality of cells 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.

12.Memory array according to Claim 11, in which a word line is coupled to the
front control gate of each of the celis along a column and in which the back gate
line extends parallel to the word line.

13.Memory array comprising a plurality of memory cells arranged in rows 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



15control gate directly on the trench. 15. Method of controlling a memory cell according to one of
Claims Ito 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 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. FLASH MEMORY:
CELL ON Se01 HAVING A SECOND CONTROL GATE BURIED UNDER THE INSULATING LAYER
DESCRIPTIVE ABSTRACT The invention relates, according to a first aspect, to a flash memory
cell (1, 10) consisting of an FET transistor with a floating gate (10, 20) on a semiconductor on insulator
substrate comprisja@aafm'aifﬁiImwétﬁ@mfm@lmmmat@ﬁWﬁé@ﬂ@dﬁﬂrﬂc@h@@%m@@d@) by an
insulating (BOX) ICEI he transgéorg%n% the in film, a channel (4), characterized in that it
comprises two con ro es X font control‘ga ; 22) being arranged above the floating gate (10,
20) and separated therefrom by an inter-gate dlelectrlc (13, 23) and a back Control gate (6, 34-37)

being arranged wibinSRSEHRSIRNE Chdherbatader he insuning,(BOX) layetso s to be

separated from the chann only e Insula ayer WO contr es (:90 20; 6,
34-37) being designed ta fissusedan cﬁwtbmmﬁemmqsettamsa @eq;tm@mnnndgse@erdtmmhe
invention also extends teognr&myf&rr@é/cﬁq@pnsmg a plurality of memory cells according to the first

aspect of the invention, and to a method of fabricating such a memory cell. FIGURE 2
o the formation of a french in the thin film,

o the coating of the walis of the trench by the gate dieiectric layar,
o the filing of the trench with 2 géte material,
10 — said first series of steps being foliowed:
¢ 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 dieiectric layer,
o for each of the cells of the second set, by the formation of a
15 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 cel! 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 voliage to the back conirol
gate, said first voltage being less than the voltage needed to programme the

cell when no voltage is applied 1o the back conirol gate,



