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 c I(I)Incloergg{'sgnr% of ana'r\lnl\élu aSritr%l%i%tgr i§tdeescrigr%d heégfpgglgw. Such a
cell is equivalent in its in etive Siale o & oglcqrf'%ecause 5 curren?%o%ps tﬂ?ou&ﬁrythe channel by
applying an appregrsitonciteige tortheneoittol gite(Buctlastsitearidreproghamandit{tesstecit to the "0"
logic state) by the 2n dpligwing-praceayie thahimplements af §iselanniastiopphgoamenon.

memory array consisting of a piurality of memory cells of this type, and a

method of controlling such a flash memory cell.
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 layer. '



A very high voltage is applied to the control gate and to the drain. The channel is passing so that
electrons flow from the source to the drain. The source-drain current is then sufficiently high for
high-energy electrons (hot electrons resulting from the collision of the charges with the crystalline
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 insUffieinhto eedesibeteatissiorgpassing. fhbefitean gursent @hripragiammed cell

isthus "0".  Thg.cell can he erased (reset to the "1" logicstate) b lying a low voltage to the
control gate so thﬁa-l'tg thltg rt{?é}r]\gﬁgto\ﬁ?gaﬁot ﬁzité}?r?g ! Swsé?g’tei,ﬁjai%dﬁv%et%%gw cgaﬁ%ﬁﬁaest? 3 "0%or 1" (that
is to say, whethevitliggs prdgeattnatod @gatet piscumopastsntha eppptighthcsgedsajpajedto the drain

so that a high volfage,of.appo 'zﬁngﬂ%rwgrweﬂ\%dgb%gm%%?fge%g@t@%iegn#& Sianplied

between the control gate and the source. The electric e two gatesincreases until

electrons carf es¢Bpe"ESHSRTHE fRsaARiegiRelhroaghitEe-gaidl dddetridivyer ey tannemstect.
During this erasurgResatismitBrdlaatinggpieyeitage desTeasesiandiis-appareniheesheld voltage

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

control gate. DeptRAURHT VP aTE 8l EOFRAL CRITRPIASRARTREG B Eassd)stHi s Ctansistor is either
passing (ON state if it Eherasedher htoskab (QFds state fihdt i9 pregeamaedby appipsityeveltage is
also applied to the drain ( i

read signal). Thevé)ra?rqf\emﬁ%ﬁé\%&&%ﬁ%ﬁ%&%ﬁ%@ﬁ%&%E%Es:t%g %%?OEIE %g‘?g&?@fﬁ p%%é%r sgrl: ?rt\in
read 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



25either the current or the voltage drop.  Such flash cells have the drawback that a very high
voltage must be applied to the control gate during programming operations to generate the hot
electrons capable of reaching the floating gate thrgugh the gate dielectric layer. 30As it happens, such
high programming voltages are undesirable in as much as they increase the complexity of the design
of the perAREISF Bfb HEC T eRALEAS IR S TR RUERG ahalb ALY RFTesTElalhecessary
to generagRipatctighseotipgesiitipisarts bvelydaikanage sheaerlina ey emdlisvept dnagperation of
nearby memory cells.  US 5455,791A desg:ribes a EEPROM device fabricated on a SOI substrate

having a %%PQ@WW&&&%WW@PM%W fit semiconducting layer separated by a buried insulating

layer. The EEPROY 455/78 100 dipsisifiscivg SEIFIRDe/ copliekoribscat@pncarsol gatssaatba back
control gate. The back control a@? formed by tge%lla]@lck semiqondéctin layer and a back gate
I

contact mA¥EWY: § ehl PRk S04 SHYIGILREIRR dRRIc R3S hnd s
Separateglaifombﬁlﬁi@d(;i?%métfﬂﬂjiﬁﬁy@yemtmbmﬂém@gw@d%@]‘é hT\k)g haupkaegrirol gate is
not suitable to be used for_performing,a programmijng operation becayse of the distance separating
the back GARIEbSEE G ERAHALERIGGHCER IR CRRSHR) STION PRSI RN BRI
Emboddimfgﬂtgrﬂiéhﬁtiyl\tlﬂéfmﬁe%nﬁﬁbd f@ﬁﬁl!@ﬁ' ¢ l@ra%g%?r@@ﬁtmtlg%?w g&@@@ﬁt%ﬂﬁﬁg@i QﬁfﬁpLGXity
regarding the peripheral circyits and of rejiability of the cell and of the circujt in general. = The
inesntion PO Eta (4l ARG a FYRATA ARG e EORI S B Y PLA i Reistor with a
floating gaspanatesefrise e Gofien insulatonsulsiraie Lempiikng mikondilptpiseyieondactor
material separated fro(gn a base substrate by ﬁn insulatin Iz er, thﬁ:?transistor having, in the thin film, a
€s;

channel, FBRYEY BAat Tt Q5Hh e dB dRErdf fa REHPEGHFbI G HEHEHD B nged above
the floatingpgaigianheeparaicdftiieseiierameandpiaagate telecitk aata dntscoRseh gate being
arranged within tl}-u]e base substrate directly under the insulating layer so as to be separated from the
channel O%BS}EE 'éemgUrating layer, the two control gates being designed to be used in combination to
perform a cell (BREESMBESORIPFIGNOOF THEOMEENTFIERd, but nonlimiting, embodiments of this

memory cellarg g5 follpwiers U ek FRLFRIGTRIGS2HERgS BRI eRLIBAYGI € MR

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;



4 the back control gate is located in such a way as to extend only facing the floating gate; the polarity
of the back control gate is of the same type as that of the channel of the transister; 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 eithenhsidasy tefiontag gatedomsicr isube shamnakse babHe cHginggeion is closer
to the floating gat thﬁ?n he soggr(;e region is. According to another aspect, the invention relates to a

memory array 26 o J&%&% %Iurality of cells according to the first aspect of the invention arranged
in rows and in columngénpwhidty aobéek pate knetistauped tof the backeonpisokgateobeash of the

cells along a row gqraco %'?ﬂ'trﬁ'e’%r\évr?sr% tlc')rlle can be coupled to the front control gate of each of the cells
5 - the back control gate is insulated in the base subsirate by a well of.
opposite bias;

- 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.



along a column, the back gate line extending in parallel to the word line. 25 According to yet another
aspect, the invention relates to a memory array comprising a plurality of memory cells arranged in
rows and in columns, in which a first set of cells cansists of flash cells with a floating gate recessed in

the channel in %ccor ance, with the first aspect of th% vention, and a second set of c%s consists of

DRAM cells wih\CEHGHA g ChdfiheP AR Eb N % g i WSUIPTH MO WRERNE. BENRrding to yet

another afirtiatite; inventamproxitey asneshierhgf falifcating afrmbryrasreyrgoselissiagha first set of
flash memory.cells with floating gate recessed in thﬁ %hann | that C(ﬂ;%)r, to the first aspect of the
invention AR B ERAEEE SR Kb bRy Rl VA CRSUARY calfol Mk BSRES Ghdcessed in

the channglehiiematdd cosprseseadir HRANEVESISNs cesmuaiintdisatthfrsihamnhseepad sets of
cells, comprising, for each cell: _thﬁeforrﬁation o% trenc(‘H?i the thin film, the coating of the walls of the
trench by (RERIHARIEHRRSRY D, RRCRARBRT IS PRRIPR e MR8 Snaterial; said first series of

steps being followepstferepach &f diemelisoritheniitet seidbfiréte datmatienref Esténter-gaie,dielectric
layer on the trench and the formation of the front control gate on the inter-gate dielectric layer, for

each of the cellsCOMRELBGo i SA°B\FBe formation of a control gate directly on the trench. ~ An

embodiment of the igvaptcampisnientendsrishamatiedtpircamirolling a memory cell according to the
first aspect of the invention, in whichmguring a cell programming operation, the front control gate and

the back control gate af §,€88tRE8 ﬁ]&f%ﬁ&%gﬁpf%% BYINSRAGHRIRGHE (FYRE front control
gate and a second postheriumiage tecthe hackipnirgbaaiassaitfirst voltage being less than the

voltage needed to programme the cell when no voltage is applied to the back control gate.
~ 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;



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 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 togthe 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 DESCRIPFiQNQFditEstEbd QRYssibiR eleisgrirefigsire Jﬂagkﬂacﬁarﬁéeweéﬁ cell1is
represented, consisti an FET transistor wjth floating gate on.a semjconductor on insulator
su%strate comprisir\%{%gffmﬁ (ﬁ:‘?r%i%t? erﬁl??gﬁag\g&%? %t%?iqgl @‘é‘b%f%{f%tﬂgﬁ YBAEO8 bstrate 5 by an
insulating layer, typicafligardsifiecddoxitiesBEX ldyferent Flepsenhicendieiasominsutaiog sslhstrate is, for
example, a silicon gn insulator, S%l substrate.. 15According to a preferred embodiment, the insulating
layer is a layer of Si fl%ggo%dbl%a g%#é%%%ﬁé%%@%@%%en%E%ﬁﬁé??nsulanng layer comprises a layer of
Si3N4 sandwiched-betigea fwoslaygsrsndd SiO2pology of @ memory array according o a

preferred embodiment of the invention.

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



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 20region 3. In Figure 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. =~ 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 SeOl. 30Conventionally, as is known per se, it is
then necessary tedhisutate tre callsiadonTing acohikatbaapaiaydmerdetigimpuatenae channels

of adjacent 7 celE from.one anoth his.is canventionally done using, insulating trenches (according
to the STI - "shal av?/Ct?gér’\%ﬁ i?orl}a ?O%fﬁgchsﬁ?qaﬁgyeg%nncﬁn%%% %N@gtﬁ%?ﬁqiﬁ%éeiﬁg%%dﬁ?gche
substrate to the B@XhwisKRétemitig teuFigrreilithedlaghamdmtny BEIXL comprises a floating gate 10

extending on the surfaggiafing SRR ARALOLAR ShamRe LoTliedlaging uatads naylated from

the channel via a gate diele ont control gate 12 1s arranged In a conventional

manner that s knBiaperdeaissvdnhestiviansg ¢atbel Guistister-gaty didiectimrysr 43 Peing
interposed betwegihilig fant ¢ondrplameslZandihedioaing date do=10eiErG flashememory cell 1 also

comprises a back control gate 6 arranged within the base substrate 5 directly undér the insulating BOX

layer, so as to be sepatdt@8teRitRE eRlhAel & BRIFNGPth& i GamventenR! | gyapner 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 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 memory cell thus has two control gates: the front control gate 12 used conventionally, and the
back 'control gate 6 proposed by the invention 15which is in particular designed to be used in
combination with the front control gate to perform a cell prograrnming operation.” As a purely
illustrative example, the thickness of the thin film of the semiconductor on insulator substrate is
between 1.5 nm and 50 nm, the thickness of the insulating layer is between 1.5 nm and 50 nm.
20Figure 2 illustrates another possible embodiment ofza 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 chanriel dachgatedidietectriciinmgert 2 1ibsing 25 aserigetove thremadsiottherstench so as

to insulate the flo ro t eI 4. hIS econ mbodlm t is advantageous in
that the back con?%l gate %2 ISt eﬁlﬁ%%?;ar é{&ﬁ{}gl n ose t6 the floati ag% e EE?I%CESSE(? in the
channel. This semﬁmﬁdmm@mm@m@mmm MGM} 30 for example up to 300

. B omech o theembedimenis deearines bereiaskmi e Aac) 001l aale.0 frgaces the

current flowing in the channel during a cell programming operation us provides
a boost effect). BEEatRefRAHRIADR faghdrafsistairremale ssiparRiahcrainiag sidetng the

back control gate therefore makes it possible to obtain hot electrons at a
lower voltage when programming. The programming voltages can thus be
iowered, which considerably helps in the design of the peripheral circuits and
strengthens the reliability of the cell and of the circuit in general.

10 As an iliustrative example for the current technologies implemented in
2009, the programming is done with voltages of the 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



5 the dimensions 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 the design of the peripheral
circuits and strengthens the reliability of the cell and of the circuit in general. 10As an illustrative
example for the current technologies implemented in 2009, the programming is done 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
roughly the same amplitudes for the 15programming and erasure operations. It will be noted that,

instead of loweringithéipregraieingaobages fibigipgspibleitoriditize progRaNmiNgyalaoes of the
same amplitude. Use of the back control gate then makes it possible to reduce the time needed to
r {o tﬁ@ﬁ %P %

IO WHTCR 18 Of ParicUTAr eerast HsPPEEHSWRRA S 20conventionally not

carry out the programmiig which iS5 of pa
very fast in write modeA celtherpeladtyopbthddaciaconolngadelBis prefaventatiychasasiisg as to be

of the same type @g&{;@&&}%gtgﬁg&l&f {98 gg)jl%t% R%%%h&%? ﬂgla{'j% C;‘?c%é an bNel?m%-txpe

transistor, a P type polarity for a ransistor resho of the m transistor is defined
in such a way. 2%Moleelieg grisnventiba dleoteseaios e bddk Jhretitaidads sollegdntamitage

(polarity oppositesiggal m&wﬁﬂar@@%i%eaomAQiﬁiooar%ﬁﬁ_rn%aﬁ%m\efsaﬁasﬂ&% tyeshgld voltage of

the transistor is increased and it is then necessary to apply a higher voltage to the back control gate in

a cell programmiri§ BYRSAIBRSS GRLRENGITGRG Tt RB JHIRIRMEMRd stRorFeRierantb ot source

region and the dratipregion efghe&iF Fdgansistotiae iaianpadagy maersisaly natberthipdilm on
either side of the floatingrga.te for e%é% theg:hannel so that the drain region is closer to the floating

gate than the soute8fegl6H'’! 1 A UBRLTSH SRR GTPURANSE SrBBIIRRP By tio LEGEERbupling
capacitors, ane béticepattiesdrthin amct thenflohtipdeoate, thefothgidgiredren 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.



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 between the front control
gate and the floating gate then increases until, by tunnel effect, electrons pass from the floating 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 Se01 substrate comprising a thin
film of semiconductor fna¢erial GFapparaded Jroand basehsuhsieia Sdibysapiinsdiating &0x¢ layer. In a

first step, alignment marks are defined in the Se01 sybstrate so as 20to allow for the necessary
alignment in Iate?{?négﬁflb% and p% e%# %r%ra%rﬁagr{’) 58;@%8%%?% 3 %\\ﬁ’}gllzﬂbeaéQ%lgﬁtllW@fﬂ%s,
insulating structuttgsicetly petwatrisfifst' S apstiateiiankitig step thus consists in forming, in the

substrate, a groove, a ﬁqerﬁetuﬁerg?fnag opgt?}gé)th éﬁ@ (%H]gg] 35.2 ”?:rg}?ﬁgmg e(:)g;&rllrgf]gr|3218%)%-911re 3bto

this end illustrates the formation o sas by surface layer etching. IS, S

fabrication métho@aPiBtakied. bererjtirBy3osatpting BO¥e|seseint ditfveirppdusislswpiratiches for
the formation of "welisHaupadiindei the iasWatingsB @K dowem WiB R B Q,pimately, iasiiating one
or more back corgt&g!c grt](?s with respect to the base 30substrate 31.

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).



10 In each of Figures 3c, 3d and 3e, the base substrate 31 is doped S0 as to exhibit, in a top layer
thereof, an N-type conductivity. The doping level is typically between 1'1015 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-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.  In Figure 3e, both a P-type well
32 and an N-type well 33 have been produced, as in Figure 3d. An SD-type insulating trench 38 has
also been produced, extending, from the surface of the Se01 substrate, under the insulating BOX

layer, depthwise in theijpase s;gbstmte‘-@ﬂ;réms tserel p{@ndmtbQJthmmtwe@g hgywells 32, 33.

15The doping IeveI |n the and 3 ISt en 5*10 and 5*1018 cm-3.

It will be noted thREtHe" g{ép% %d%c%?ﬁ‘ﬂ?ﬁégg Ry H&%‘gg?&%‘i@ é%| e re\é’ £ 8d and 3e

are based on stahtdbeECMOS faimicatigatensthods . 2208kaetin gl frastiythie Stnactirbizepredented in

Figures 3c (respe&}y&%?gi e 3d and Figure 3e), dopant implantation is then implemented in order to
4

form back control gates 34, 35, 36, 37 within the base substrate, directly under the insulating BOX
layer as représented int FifjLiRe3ngiedpbetivesnerglive Bip awe!Figlirashy 28Miserdspirigdeviet to form a

back control gatedp,picalychebyans BILAHRANWLRE AAEYT e BeRICEERIES UbfdigsAg and 3h,
the back control gate 34, 35, 3
well is always reversed the diode then insuiating 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.



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). I 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 £ontrol 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). 10According to a first embodiment represented in Figure 3h,
the back control gate 363l exiendssendentaesesdite wigthtabtherwela? B3t Imthimpartiedlar case,

the insulating trench 35 insulates the back cont qhg es 37, 38 from one another. According to another
embodiment repr%rsoéfﬁ & fﬁrﬁg%stﬁgﬂia,e {Hg%aﬁﬁ(ﬁ ?:%ﬁ%r@lﬁg'g%véé{‘fa\%%ﬁgégﬁzcéocﬁFngéf?a way as to
extend only over At ioeticerofahet width etkel\welird2gas. dtomil becnateditbatandnmsulatimgntrench can

Iso b ided ' ' tributi the insulati fth
ells, According i ST BB h I At e T S e

arranged in the bAdeaskitsstiainsdio i tsecmarirgiig BoRday o aalslgfmariry tentidate to
insulating a backgengel @aleramdlimpase substrate.

In a manner that is known per se, a word iine is coupled {o 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 C2, as described previously. Aiso 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 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.



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 30by the duly deposited
dielectric, 12 It will have been understood from the:zforegoing that the invention provides for a flash
memory cell that has an individualized back control gate. At the very least, only the cells arranged
along one 'and the same row or one and the same column of the memory array share the same back
control gate. 5A back gate limerisrthusheouplied;¢o dbelleaickaedhtrobgake afreahgafitheaellsealong a row

or a column. 'Hﬁ%&\@@'?ﬁra”%%‘iésq‘ﬁ%%%l??foSSn&/&N da"%%t%%rCP gacbiodpa frontoniral gate of

each of the cells alohg a column of the memory array. Preferentially, provision 1S ma for the back
gate line to exterftigrfipaiiafiedateiothe word line (the back control gate effectively assisting the front

control gate during pragiaminghn. < G4te AFAANREJ0DYIoMN S & MEIROLY RIERKGBAIORMING (0

preferred embodiment of the invention. In this figure, the dotted lines identify two adjacent memory

cells 01 and 92, fabdsatyisaaiiyreisns nsIdocstring staststethacihfises deee s8Briuntisiines to the
different regions gftheptansisiaes: seriselineiBL finkingdhesouarFRgions ARl easholkee

transistors, bit lines BL1, BL2 used to address the drain region of each of the transistors, word line

WL1, WL2 Iinkingﬁ"fﬁ%"f@ EoHORGAT BERER BFGRESHARTIYTS, back gate lines BG1, BG2 used to
address the back contRelfgaiegobeatigh@ttheand 2, the elimination of the inter-gate oxide layer

13, 23, or more directly the joining of the fioating 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 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:;



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 the transistor forming the 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 contrgl,gate voltage is positive for programming (which
means that the programming voltage that 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 operatipdenadpméocaibeitantetestieptobingnehpigesivntie firatingrgate. The
invention is also advantageous in.that it makes it ssigle to 5 fa&r' ate easily on one and the same
substrate both flash-type n%%?o@%gﬁgn rﬂgﬁﬁﬂﬁﬁﬂ‘y% "R él & %ifﬂwﬁg/ﬁ n‘JéﬂﬁH‘ﬁ%ﬁ(DRAM
being the acronym for "DyramicRaadoom AbeesdavigaioryiiplaectrRefteyangdodsiguries dad2, the
elimination of the inter'gatec%q%@%%raﬁg +QF more directly the joining of the floating gate 11, 21

and the front 10 control gate in a sirigle control gate makes it possible to change effectively
from a flash memory celt td@ BRAEM e raiscdtie wetemtheeflozitittedhanation cha acotichulate

charges. It will be notedhat #e QAck caUragrie %%%Ota%ﬁﬂt@ﬂ:@w%&{s%ﬁﬁ/ﬁ%ﬁﬁg in that it

makes it possible to modify tk;e effective threshold
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,

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.



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 incre@se the conduction current, advantageously in
operations in which the circuit has to be as powerful as possible. The effective threshold 20 voltage
can also be 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 fab# a hybrid memory array comprising a first set of
flash memory cells and a second set of DRAM 25memory cells. The method comprises more
specifically: - a first series of steps common to said first and second sets of cells, comprising, for each

cell: o theyforgalion.al adrgnehiintheitindioy a FET R4ReiSRAIBAILTINEoaNS QJdhe gengh by the

gate dielectric layer, 300 the filling of the trench with a gate material; - said first'series of steps being
followed: SEMERIIBELAroPthiNSEIRISK thelmisr R CoF RIS REn oM ofitie AhtERFUES RHEIEETIC layer on

the trenchyand e dopmalien Hohedrenseonlineale By e ineiARlS dislRstrimlayelagsas to form

flash cells with floating gate, 5c for each of the cells of the second set, by the formation of a control
gate diredtRVBIStHB Hent) a6 I8AMIDRAM cells with floating gate. It will also be noted that the

back conypbgateptadlashicslipcerrdingds tr fksh-asnesireking NyaRtQMEEN gite bRinsed as
DRAM cell control gate, the channel 4 then forming a floating channel for the DRAM cell. hybrid

memory é8N389RGs Foevediofigaling satereadl sprpRteshitharefpmm abyrRAM IR SftRe back

face.  gielectric 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 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.



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 transisgor 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

substrateﬁiire‘}fél}i]undert je insul ayer so a ttg‘é) agegcat] di’:i%iiii épor% the

insulatinglayer; WETCORtFS ga being 8e5|g be use in'com |nat|on a cell
programrinisglepeeatiencireexendiod deebrdiag ioteithe b?ﬁﬁﬁﬂbﬁftﬁ@bﬁti@“@e‘ﬂﬂﬁél Hite extends
under thergpiire yWgEr ghtbe cell. 3. Memory cell according to Claim 1, in which the back control gate
is located in such a way as to extend only facing the floating 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 df thel¢rmosistell Scddetimytcahacbidengrecedmngfdlenmsechdiagicdinad, imtwaich the back
control g edfstmmr(]egé I@t‘écp substrate by a well of opposite bias. 16 6. Memory cell according
to one of the preceding claims, also comprising insulating trenches extending depthwise into the base
substrate to insulate the back control gate. 7. Memory cell according to one of the preceding claims,

ChafaCtef&eMmeiU@iDéﬁa@ﬁ@iﬂbgCtepdﬁt@(bﬂ/%iiﬁsMemdfy eelvaetomtimditaing ghtelasms 1 to 7,
in which thf?rg';?at' g)gaée is ar ang%gi nt eﬂsglrl%cgn%.f tgen ftigg ﬂg%liﬁ%gﬁsﬁ% fir? H&e channel in

the thin film via’a gate Iesgtric ayer. emory cell accor ng toone o |n which the
floating g&wnisilfortied |@%&i@@lﬁﬁfﬁéd@ymrthe channel, and insulated from the channel via a gate
dielectric layer arranged on the walls of the trench.

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



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 1%,-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, in

which a first set ofsladlsfaf=saidiptalialitf cbitetsrsnsisis DRaghcepd ithatsardansewith sne of Claims

9 or 10, and a seggngl_ éeta% rle7cé:eé|§’ dqfﬂ Stﬁlg &!gg%lity of cells consists of DRAM cells with floating
channel and contropgategrecessea n°the Chanhel. T4. Method of fabricating a memory array according

to Claim 13, comprising: 5- a first series of steps common tq sgid first and ;econd sets of cells,
rench by the gatc ALIB0E By 2 AL i ST CEAn e 3 B DA TSP bR series o
steps being féllowed:- 2 first series of steps common to said first and second sets of cells,
comprising, for each cell:
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,



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, for each of the cells of
the second set, by the formation of a 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 iniédombination 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 INSULATINGHASHEMEMQRR R ONSSPREGYING A BRGRANGTRNRES, Gédrding to a first

aspect, to a flash memory cell (BUJQ)xonsighing afiqm RSLIrANsktor Witk a floating gate (10, 20) on a
semiconductor on insulator substrate comprising a thin film of semiconductor material separated from

a base substrate (5) by an insulating (BOX) layer, the transistor having, in the thin film, a channel (4),
characterized in that it comprises two control gates, a front control gate (12, 22) being arranged above
the floating gate (10, 20) and separatedfg}g%rgmﬁyeaﬂmﬁwdielectric (13, 23) and a back
Control gate (6, 34-37) being arranged Within the Dase substrate (o) directly under the insulating (BOX)
layer so 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. The invention &l IBXEHES et ipeniepREting tomprsimsresiutalisy ifshanmmpoells

ﬁféﬂg i Iggzto thesfiret a3peciopistibgnig\aniioFandimaicastneghok faktaating.suah @ reemgry£ell.

semiconauctor on insulator substrate comprising a thin film of semiconducior
material separated from a base substrate (5) by an insulating (BOX) layer, the
transistor having, in the thin film, a channel (4), characterized in that it
comprises two control gates, a front control gate (12, 22) being arranged above
‘the floating gate (10, 20) and separated therefrom by an inter-gate dielectric
- (13, 23) and a back contro! gate (8, 34-37) being arranged within the base
substrate (5) directly under the insutating (BOX) iayer so as to be separated
from the channel (4) only by the insulating (BOX) layer, the two control gates
(10, 20; 8, 34-37) being designed to be used in combination to perform a cell
programming operation. The invention also extends to a memory array
comprising a piurality of memory cells according to the first aspect of the

invention, and to a method of fabricating such a memory cell.

FIGURE 2



