DRAM MEMORY CELL HAVING A VERTICAL BIPOLAR INJECTOR 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 memory
cell formed by a field effect transistor FET with floating body, and a memory array comprising a
plurality of memory cells of this type. BACKGROUND OF THE INVENTION Figure 1 shows a
cross-section of a conventional floating body DRAM 10 (dynamic random access memory) memory
cell.  The conventional floating body DRAM cell isformed in a silicon-oninsulator (SOI) substrate
comprising a thin film of silicon 3 separated from the base substrate 1 by a buried oxide layer (BOX) 2.
A floating body 4, a 3BigeMENDFY abEla tHaviveyian/griedarmetPD AR thaFiDW3rRN top of the 15
BOX 2. A gate dielectric layer 7 and a gate electrode 8 are sequentially deposited on top of the floating
body 4. The drain region 6 is connected to a bit line BL, the source region 5 is connected to a source
line SL and the gate Bigmmeﬁ-pg pwmecﬁgﬂ to a word line WI. The floating body is electrically

insulated by the BO e gc tric layer,.th urce re the drain region. Because of this

insulation, the floatlriif;r g%ta%gﬁ“ o %@tr‘ﬁ:al %ﬁaé% %Pn %1% ga g\/"r‘i/t'é:%spearagowg)ﬁesuch a

transistor, the flpanm?glibdmyhﬁezf mmmaaewnmmm&ngmmw storeotapgesjavhich modifies

the threshold voltage thr‘?vg t,%r rﬂ@]@ §5 tlt%n ”ﬁ?e tuglp%nﬁ éﬁlrtg?né 25flowing
ram o tﬁe tr e

between the source an the anS|st r thus pends ont quantlt es stored in
the floating®od{e!d effesideansiverdiid toifeferiing ingly. Pothte WeRCapareloABIERIEBN hereinafter

called "write 1)z apiatyely Aighysliage. Sligeoynd 2.5 times the nominal power supply voltage VDD
that has to be applied to the gate 30electrode, must be applied to the bit line BL. Besides the fact that
; this high voltage is likely to damage the cell, it can also disrupt the operation of nearby

' BACKGROUND OF THE INVENTION

Figure 1 shows a cross-section of a conventional ficating body DRAM

106 (dynamic random access memory) memory cell. _

The conventional floating body DRAM cell is formed in a siiicon-on-
insulator (SOI) substrate comprising a thin film of silicon 3 separated from the
base substrate 1 by a buried oxide layer {BOX) 2. A floating body 4, a source
region & and a drain region 6 are formed in the thin film 3 on top of the
BOX 2. A gate dielectric layer 7 and a gate electrode § are seguentially

P
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deposited on top of the floating body 4. The drain region € is connected fo a
bit fine BL, the source fegion 5 is connected to a source iine SL and the gate
electrode 8 is connected to a word line WL,

The floating body is electrically insulated by the BOX, the gate dielectric
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fayer, the source region and the drain region. Because of this insulation, the
floating body can store an electrical charge.

tn a data write operation in such a iransistor, the floating body uses an
impact ionization phenomenon {o store charges, which modifies the threshoid

voltage of the transistor. In a data read operation, the quantity of the current
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n

fiowing between the source and the drain of the fransistor thus depends on
the quantity of charges siored in the floating body.

in order to be able to perform a logic 1 state write operation {operation
hereinafter called “write 17), & relatively high voltage, of around 2.5 times the
nominal power supply voltage VDD that has to be applied to the gate
30 electrode, must be applied o the bit line BL. Besides the fact that this high

voltage is likely to damage the cell, it can also disrupt the operation of nearby



2 memory cells. The generation of this high voltage also requires dedicated circuitry implementing
charge pumps.  One technique for reducing the surface area occupied by such a floating body
DRAM memory cell is described in the document US22004/0108532. This document proposes creating
a memory cell by associating a floating body horizontal FET transistor and a horizontal bipolar

transistor suitabladaidrjessing it grmisistithie doain tibadyoildgelcisstasagranpaaiagidhe floating
body is thus increased. . The horizontag_ll bipolar transistor is more specifically arranged laterally to the
FET transistor Mtf?'rﬂ%‘ﬁi‘ﬂé"ﬂ?&ﬂﬁﬁgc & ?eBHinéf the bipolar transistor formed in the substrate with

a conductivity opposi@rte tieetatiguetherbastuairibetbipalarfaen st weiogriednby ythesubstrate
and the collector,of the bi trapsistpr serying as. floating e.FE] fransi With such
f P%% 8852 B'%?j\é? memod, 2%al 18 B8%¥{TBEH“ b irh%el’@%&?@%qt

f
an arrangement, e Surface Area e memory cell is réducéd to approximately owever, in
this arrangement/3h@dinitié08ndhd bissdeamsanieoriasesaeaaiintha anasery geefitdyreduction of

the mermory cell-\deemALeR fBEIMEBRPRITERNRACHE G rdlat BAbAbrizoMEaIHBlarthis memory

cell has the drawback that'it is difficult to accurately control the voltage of the substrate serving as

base for the bipdiansigiRsisuiabienes inesiifscebrrsembrodns leabnsussind s W &gt memory
cells, the result isop sisik/b it ditisRpHRRIVRERA IRaAErBaIkpOouring cells. It will therefore be

understood that the memory cell accordijng to the document US 2004/0108532 is not totally
satistactory, and that tHE BOULANE HERAC RIS (Rd HBVERRE eI A TR AGE LR prior art
BRIEF DESCRIME (¥ DRrahisiyV RN @Y enfiitebodioneinis efdhiejistentiat skekiiippkavide an

improved memO{')é cell tha} has g re b%e(ﬁj uifa(t:ee area, Acco&d&ng{o a first sqg;tnof tl'}ctaepresent

invention, there 58%\3/%% Remor cePpF’o‘@uce onaacgtfbs%rété oOrRBﬁ%r?g. -ealﬁor|20ntal FET

transistor havingtesbaseedafotiee tipdtay areogi_sieﬂibeirw dhictinned nipye dted wi@b@tﬁwemdf‘@ floating
pody between e, ROLG® 8 0Bl ,ﬁaﬁ@lggprgeamgpg%ggg% b IniGCkRCIrAge into the

floating body of ET transistor, the injector consisting olar fransistor having an emitter
connected to anifAfeEHEMN line, a base and a collector formed by the floating body of the FET transistor,

wherein the emitter ofjfjg RipelrLHaasisteRInamange karibat e LHitipEsmEsRAPTRMbY forms a
vertical stack, the source of the FET 2 . . .
reduced to approximately 10F°. However, in this arrangement, the emitter
and the base consume surface area so that an even greater reduction of the
memory cell surface area remains an objective to those skilled in the art.
Moreover, this memory cell has the drawback that if is difficult to
accurately control the voitage of the subsirate serving as base for the bipolar
transistor. Since the injector is, moreover, shared between two adjacent
memory cells, the result is a risk of disturbances between these neighbouring
cells.
it will therefore be understood that the memory cell according fo the
document US 2004/0108532 is not totally satisfactory, and that there is still a

need o remedy the abovementioned drawbacks in the prior art.

BRIEF DESCRIPTION OF THE INVENTION
Embodiments of the invention seek to provide an improved memory

cell that has a reduced surface area. According to a first aspect of the
present invention, there is provided a memory cell produced on a
substrate comprising:



transistor serving as the base for the bipolar transistor, and wherein the injection line runs below the
surface of the substrate. = Some preferred, but nonjimiting, embodiments of this memory cell are as
follows: the emitter is integrated in the source; the emitter is arranged in a bottom region of the
source; the source comprises a strongly doped central region and a lightly doped peripheral region
surrounding the central regitonhtth¢EMiftenrdistinchakiagge douitinddrenpetiphieral segrop iridhe source

under the central region of the source; - the emitter is arr d in a top region of the source; - the
source comprises a Iigan S?%B%%%er%é?oﬁ %lmnae s‘?’r—'ona%{/1 Egdbggoegbﬁﬁafeen oSl

region arrangfec(?below the
top region, the emitterameitigartesirated in the top region; the bottom region of the source is arranged -

below a buried insulating.layer and is linked to ign. of the source via g,co ing passage
extending through t'healrr?s'mé |£%’?§f§r??ﬂw§eeﬁ1§t§rgp§ éﬁgaﬁgg%é 'b%loc?/.‘v%ﬁesﬁéﬁ?g;e jg%ﬁg mitter is
arranged below a burikodiy st &y transidtiy lithiceihjgsiteansisting b a dingdatitgnsisienge
extending through thejnsulating layex; - t nsjstar.a nises a,0aie glectrode recessed
in the floating body an"(ljalgn*égla%gd%#ﬁ %E’wﬁércb%ﬂaﬁlfe?eﬁtr%ﬁc%gﬁgﬁp -rtﬁ%% :?nitter comprises a doped

semiconductive materfglietturanseddoihsoinetitothatpothdedurdetransdst@il is produced on a
semiconductor-QpsisklatelSUNSHRIE: of the bipolar transistor is arranged so that the

emitter/source assembly forms a vertical stack, the source of the FET
transistor serving as the base for the bipolar transistor, and wherein the
injection line runs below the surface of the substrate.
Some preferred, but nonlimiting, embodiments of this memory celi
are as follows: _
- the emitter is integrated in the source;
- the emitter is arranged in a bottom region of the source;
- the source comprises a strongly doped central region and a lightly
doped peripheral region surrounding the central region, the emitter being
arranged within the peripheral region of the source under the central
region of the source; |
- the emitter is arranged in a top region of the source;
- the source comprises a lightly doped fop region and a strongly doped
bottom region arranged below the top region, the emitter being integrated
in the top region; _
- the bottom region of the source is arranged below a buried insulating
layer and is linked to the top region of the source via a connecting
passage extending through the insulating layer;

- the emitter is arranged below the source;



- the FET transistor is formed in a well produced in the top part of a bulk substrate. ~ According to
another aspect of the invention, there is provided a memory array comprising a plurality of memory
cells according to the first aspect of the invention. he memory array can notably comprise a
source line coupled to the source of each memory cell along a column of the array and an injection line

parallel to the source i coniigdisaaingrgitiesieheadiueenesyiasflaper wrid roliirst to According
to yet another aspes% of the invention, there i,gs}&;ovided a method of controlgn a meTor cell
according to the first SspRIUCHNE I RNiIRS Rﬁﬁaﬁ%ﬁéﬁﬂi@f RrRye ngH18Yig 1 state, a
nominal write voltaggyigrapplied to the gate of the FET transistor, a voltage less than or equal to the

nominal write voltage is ap rl%sdto the drain of the FET transistor and .a positive voltage is applied to
the emitter of the bipolISrAFISTSFISS{Rl 41581 AR AR RSB HeLSEREBEIBAE fraction of
the nominal write vdltageddbtuy gatdinsthetdcETomatindaite BRI BDESGRIEION OF THE DRAWING
Other aspects, aims and advantages of the present jnvention will.become more apparent from reading
the following detailed gggcﬁr&lo%o ibnr ferre edrS(ﬁB%(c];i?negr']'Fso Sfy%/ﬁg gt{gré}%ri'\?(laor? ?/gvr\?%%f/gg}, IH’onlimiting

example and with refepeside to theteqcf[iéadgmmawings in which: F_igure 1, already mentioned
previously, represents g, coryen ?é‘cg%é@@%ﬂgabsoe%%ﬁ&:“ét&‘s?«'!jnliﬁ@g%‘? ?%JS&%%Q“S a

cross-sectional view of a memor% according to one possible embodiment of thé first aspect of the
invention; Figure 2b rébeeBEt&ransisisivefspiddy efvecineradugedrinteenisioyiad afenborly cells of
Figure 2a; Figure 26 fisRrepents a circuit diagram equivalent to the memory cell of Figure 2a ; Figure
3a represents a possible embodiment according to the invention of a memory cell using a partially
depleted FET transistOf@HESCn @opihies Renael et inatsivenbishateer i Be 8 srEMEN possible

embodiment accéﬁﬂkﬁedﬁﬁ?%iﬂ'@/%” 'Rﬂé?iftf‘@ﬁﬁ’ﬂé?ﬁb BersingeadrdiRd Hamasipsioqy gdulkrsubstrate; -

Figure 3c represents another possible embodiment of a memory cell according to the invention in
which the injecti8¥IiR¥SE¥fted below the insulating layer;

The memory array can notably comprise a source line coupled to the
source of each memory cell along a column of the array and an injection line
parallel to the source line coupled to the emitter of each memory cell along
said column.

According to yet another aspect of the invention, there is provided a
method of confrolling a memory cell according to the first aspect, wherein
during a WRITE 1 operation for programming a logic 1 state,



- Figure 3d represents another possible embodiment of a memory cell according to the invention in
which the source line is buried below the insulating layer; 6 - Figure 3e represents a possible topology
of a memory array employing memory cells of Figure~3d; - Figures 4a and 4b respectively represent,
on the basis of equivalent circuit diagrams, an operation for programming a logic O state in a
conventional DRAM®eihandviitea {2RAY4 dell @osinsding théheanwestidne - Figurearissand ab
respectively represent, Qn the basis of equjvalent circuit diagrams, an operation for,programming a
logic 1 state in av(?i%gfrcliﬁgﬁa BE{RW%%};{R:“WQ BRAM ¢ {eagéi(g?g%i %Jﬁj'eean eﬁloor?;a'-nFigures 6a
and 6b respectivefithe fresemansisitredvass pbsitjviy atdiaptOisirspitidhdvating, emitiperafidmeto read the
logic state storegg%@rcggxg%@gpal DRAM cell and by a DRAM cell according to the invention; -
Figures 7a and 7b respectively represent, on the basis of equivalent circuit diagrams, an operationto -
hold the logic state stbre@l gt s opecabPD R alsib prEFBeDR Avnte IRatasignidhBe invention;
15- Figure 8 repﬁ%ﬁﬁméi%‘?t@%RQ%@%%&%Z%%@%PB%WQFM@@M@mp'Oying memory cells
according to the invention. DETAILED DESCRIPTION OF THE INVENTION Referring to Figure 2a, a
cross-sectional view of a memory cell 20 according to a preferred embodiment of the first aspect of
the invention is repre grIEFIDESSRIPTICNPHIMEDRANINGNSistor having a source S, a drain D and a
floating body FB betw, %n the source and the d ain,van an injoefcé r that can.be conﬁrolled.ﬁo inject a
charge into the floating 88)ﬁ§%98ﬁh(§ T K s?&o?,n A9%Re%h OR,F%%ﬁqg’lanﬁf'} 'Ocrclasv(\éq, produced
on a semiconduttecana sotato aSearEsuismatesgitfe réhai dilcwiiiic celaiiet stdstwirtion substrate.

preferred embodiments of the latter, given by way of nonlimiting example and

with reference to the appended drawings in which:
- Figure 1, already mentioned previously, represents a conventional
floating body DRAM celi;
- Figure 2a represents a cross-sectional view of a memory cell according
to one possible embodiment of the first aspect of the invention;
- Figure 2b represents a possible topology of a memory array empioying
memory cells of Figure 2a ;
- Figure 2¢c represents a circuit diagram equivalent to the memory cell of
Figure 2a ;
- Figure 3a represents a possible embodiment according to the invention
of a memory cell using a partially depleted FET transistor on a
semiconducior-on-insulator substrate;
- Figure 3b represents a possible embodiment according to the invention
of a memory cell using an FET fransistor on a bulk substrate; |
- Figure 3c represents another possibie embodiment of a memory cell
according to the invention in which the injection line is buried below the
insulating layer; | '
- Figure 3d represents another possible embodiment of a memory cell
according to the invention in which the source line is buried below the
insulating layer;



The drain D and the source S are preferentially in contact with the buried oxide layer BOX so that the
FET transistor is fully depleted. The source S can thus be shared between two adjacent memory cells
30(along a line of a memory array extending in the plane of Figure 2a; the columns of the memory
array extending perpendicularly to the plane of 7 Figure 2a). Such sharing makes it possible to reduce
the surface area occupied by a memory cell.  As can be seen in Figures 3a and 3b, the invention is
not, however, limited to a fully depleted memory cell, but also extends to a memory cell on partially
depleted Se01 (Figure 3a) and to a memory cell produced on a bulk substrate (Figure 3b). In the
case of Figures 3a and 3b, and in a manner conventionally known per se, it is necessary to isolate the
cells along a line of-thEignEenogyrapregsnisrddiasstvigatenpiegioafingrrdgrefirceyiompingngse of
Figure 3a, this is cqgg%igq@ipé g@p%mélgga!ral isolating trenches 13 (according to the shallow trench
isolation STI techniqu;}_ extending depthwise from the surface of the substrate to the BOX.  In the
case of Figure 3b, this ' ¢SsvaAtRMAIRPIGTEBIMIE dERGIBARY BRIEReBaBSRtcPRiiEShthwise from

the surface of the spipstiataianghy, 1nisohiiagdheiiementselhing welbdl prodused in the top part
of the bulk substrate and delimited b% the trenches 14. The FET transistor |s situated in the

semiconductive wefA% SRECEEhRRVIGFSANAiIEN S GRISTRABREHE HRHNEMMch makes it
possible to isolate it froiguie SibsinatSoT espaiticaly atsordesatanrgdckoba ke ddofdleatsubstrate

ha\{ing an opp(_)site Zipccugtn%é:ti?gt . Rec'gug%n[%{t]o gre d?sc{ri nt*si ri1nof Fiqlcj}recz : tg% ,tigjeigtor consists of
a bipolar transistor ﬁavmg an mrﬁ?érel%, a base an(g A collec or%)rr%e% bﬂ eﬁloa ing boday FB of the
FET transistor. In theseenérnef BeAN ealtiendtheacittdy! tEbatseipglir thensistofis;
- Figures 6a and 6b respectively represent, on the basis of equivalent
10 circuit diagrams, an operation to read the logic staie stored by a
conventional DRAM cell and by a DRAM cell according to the invention;
- Figures 7a and 7b respeclively represent, on the basis of equivalent
circuit diagrams, an operation to hold the logic state stored in a
conventional DRAM cell and in a DRAM celi according to the invention;
15 - Figure 8 represents another possible topology of a memory array

employing memory celis according to the invention.

DETAILED DESCRIPTION OF THE INVENTION

Referring fo Figure 2a, a cross-sectional view of a memory cell

20 according to a preferred embodiment of the first aspect of the invention is
represented. This cell comprises an FET transistor having a source S, a
drain D and a floating body FB between the source and the drain, and an
injector that can be controlled o inject a charge into the floating body FB of
the FET {ransistor.

-25. The memory cell is, in this case, produced on a semiconductor-on-
insulator SeOl subsirate, preferentially a silicon-on-insulator SOl substrate.

The drain D and the source S are preferentially in contact with the
buried oxide layer BOX so that the FET transistor is fully depleted.
The source S can thus be shared between two adjacent memory celis

30 (along a iiné of a memory array extending in the plane of Figure 2a; the

columns of the memory array exténding perpendicularly to the plane of



- the source electrode

25 arranged so that the source S of the FET transistor serves as the base for the bipolar transistor. It
will be noted that controlling the voltage of the source serving as the base for the bipolar transistor is
easier than controlling the voltage of the substrate serving as the base for the bipolar transistor of the
memory cell presented in the document US 2004/0108532. S  The FET transistor is a horizontal
transistor and the emitter of the bipolar transistor is more specifically arranged facing the source of the
FET transistor so that the emitter/source assembly forms a vertical stack.  In a preferred
embodiment, the emitter is connected to an injection line that runs below the surface of the memory
cell, thereby not consuming surface area.  The emitter 15 of the bipolar transistor can notably be
integrated in the Siguree 2 thSRET dremisigtonakesoiidipgstobaefinst vadact eimbodirfemt mpresented in
Figure 2a, the ergggqgile% iﬁ){@‘?ﬂéﬂ‘iﬁﬂ{ie e source 21,22 in a 10 bottom region thereof. According to a
nte

second variant embodiment represe In Figure 3d, the emitter 35 is integrated in the source 31, 32

in a top region thereof\s: CaeRG iR to IFifiFE 28, IAcASGURtL dopvBrtblRNTORTpisREEYEa manner
known per se a sirqpaidaned,ceatiategdirmdh/ (N exRmals NN aJightkdenedqesipheral

region 22 (for example N-) surroundingtrh,e central region. The main purpose of the strongly doped
central region 21PRGIBHIBRSIRE SSMAET Wit tHe) itirde BN e tHEItRARShELEripheral
region 22 mainlyse@nirdratesigarthgmperation of the FET transistor. Thus, it is the lightly doped region

22 which is used in thF c&)ntext of %e&nventio%as thg%base for the bipolar transistor. | In the
context of this variant, the enfitter is'%wgﬁg 3 §80'%s baéqgog]tian@&%%%vm%%m% P’egion 21 of
the source while breing ipecadaittisvithdbesperiph aralbtegton liofdlbasauine ahthisotatedifyom the

floating body FB éi}yatsl/’l% %ggﬁ%@% @[ﬁgjiggéﬁg% 0@;{?8?5' ter is, in this case, totally 25 integrated in

be e centra "peri 2 regions thereof.  In the case of a
memory cellimade of foleisprRacy SieIysEe HigutetRayanitualikeohe basetefal imelaitty cell made

of partially deplefreh el F39uiB3RliARE aBIEMONLIeaIbAN Rk stbsaiRArigyie gRihpBOX 30can

help to insulate the emitter 15 from the floating body. 9 It will be noted that the drain D can also
have a strongly dfRiefEshaepiayion flamiheisureeehtiteytriraladadyuBetd peripheral region 12
(N- in the example) syp@yadingthe CeUHARILAINB.is conventionally done by lateral isolating

trenches 14 extending depthwise from the surface of the substrate, and by
15  isolating the memory cell in a well 15 produced in the top part of the bulk

substrate and delimited by the irenches 14. The FET transistor is situated in

the semiconductive well 15, the conductivity of which is identical to that of the

channel, which makes it possible to isolate it from the substrate. The well can

alsc be arranged on a layer 16 of the substrate having an opposite
20 conducti.vity.

Returning to the description of Figure 2a, the injector consists of a
bipolar transistor having an emitter 15, a base and a collector formed by the
ficating body FB of the FET transistor.

In the context of the invention, the emitter 15 of the bipolar transistor is

25 arranged so that the source S of the FET transistor serves as the base for
the bipolar transisior. It will be noted that controlling the voltage of the source
serving as the base for the bipolar transistor is easier than controlling the
voltage of the substirate serving as the base for the bipolar transistor of the

memory cell presenied in the document US 2004/0108532.



In a manner known conventionally per se, the drain D is linked to a bit 5 line BL. This bit line BL can
extend along a line of the memory array, coming into contact with the drain of each of the memory
cells arranged along this line.  As can be seen in Figure 2b, the source S is connected to a source
line SL. This source line SL typically extends perpendicularly to the bit line BL, 10 coming into contact
with the source (typically the strongly doped region of the source) of each of the memory cells
arranged along a column of the memory array.  In the case of Figures 2a and 2b, the source line SL
therefore runs immediately below the surface of the Se01 substrate. 15Moreover, in the case of
Figures 2a and 2b in which the source is shared between two adjacent cells, a single source line SL
can be used to addre§&i¢hé& Bdutcanefste twentemooptetlisansisttheaetitter &mhikdinkédite an injection
line IL which ext rce ling:: o ress t mar. ) ged along
a 20 column of tﬁ&ﬁ@?ﬁ?@%ﬁ%&? ﬁﬂ?ﬁ%\?viﬁ%%?ﬂ%d_” rs?%%é%%ﬁ?ﬁ?eﬁ?o?@%%%g %ﬁ%%ag%gse of
Figure 2a, the inferiaidined thstdhargddebsiowod @ ssrimddifeTss s Mesticd giaokthis is a particularly
compact arrangementingsehéts SNLIIRRURD 1R dr RS OeLARBSMEAIN RHElars RAlon.

25Figure 2b represents a topology of a memory array according to the invention with the source line

SL shared betwdBA I adpiant 8eisSHRsarPAribeniarime thueelydneisbie BBnpRisUMiIMBased on the

topology of Figueg,;2hcdéhasuirface area of the memory cell can thus be reduced to approximately 4 F2

in the case where a standalone 3%§:Iemt§>}g IS being developed. While this cell is not totally insensitive
81 B

to disturbances, neverthgBEU4RE REYBRNANS RRTaTRS BRI B dhyigred in the

source of the FET transistor. According to a first variant embodiment

represented in Figure 2a, the emitter 15 is integrated in the source 21, 22 in a
10 bottom region thereof. According tc a sscond variant embodiment
represented in Figure 3d, the emitter 35 is integrated in the source 31, 32 ina
top region thereof.

Referring to Figure 2a, the source conventionally comprises in a
manner Known per se a strongly doped central region 21 {for example N+)
and a lightly doped peripheral region 22 (for example N-) surrounding the

[
[82]

central region. The main purpose of the strongly doped central region 21 is to

ensure the contact with the source line SL while the lightly doped peripheral

region 22 mainly contributes to the operation of the FET iransistor. Thus, it is

the lightly doped region 22 which is used in the context of the invention. as
20 the base for the bipolar transistor.

In the context of this variant, the emitter 15 is arranged so as to be
positioned beiow the central region 21 of the source while being in contact
with the peripheral region 22 of the source and isolated from the floating body
FB by the peripheral 22 of the source. The emitter is, in this case, totally

25 infegrated in the source electrode between the central 21 and peripheral 22
regions thereof.

in the case of a memory cell made of fully depleted SeOl (see
Figure 2a), and unlike the case of a memory cell made of partially depleted
SeQl (Figure 3a) or a memory cell on bulk substrate (Figure 3b), the BOX

30 can help to insulate the emitier 15 from the floating body.



case less than the level of disturbance encountered with conventional memory cells.  In the case of
an embedded memory, given that the requirements are greater for the transistors (need to provide
spacers to avoid cross-excitation phenomena), the surface area occupied by the transistors is greater.
A memory cell surface area of the order of 15 F2 to 18 F2 is then achieved. It does, however, offer the
benefit of being totally insensitive to the disturbances. Another possible topology, less compact but
totally insensitive to 10 disturbances, is represented ifA Figure 8. In this topology, the word line WL
controls two adjacent physical rows which share a common source line SL. This particular
arrangement eliminates most of the sources of mutual disturbances since the cells situated on this
double word line WL érevidllibgsedtandhiatresidegiimatedisssanted gimnply werediaauitehre more
powerful 15 than the disturRances, On hsptherhangsdie s celaiHatac-geen sgnofihe other

must, imperatively, be connected to two different bit lines'BL1, BL2, otherwise their information would
become mixed diierRyETeg) BEERRAMEI§RLBI@IEREIAPact on the surface area of the cell since it

must be wide enough,toJeauaiwolineeroEmetHRIpagsie: aie teother Whileithedates 2Q point is
generally prohibitive for standalone memories, it is, on the gther hand, perfect%/ﬁillggitimat_e in the case

of embedded méRfofits HESALIAS S hE HHEE LA G INDES L BGRPREIRY1 6391 As is

represented in Figidredaathedfth Triatgisosfadsnhas ehgatecetecireddpasiioned abeayettie floating
body, on the surface of the memory 25 array, and insulated from the floating body by a dielectric layer.
The gate electrod®is linked to a word line WL which typically extends along a column of the memory
array. According#e aanthesestbodifigent 26t tepresented thegatecdectrogledsneréssed in the

oating body angnspee TR QY @a@éﬂgtgﬁtm&f- oA aeeRed chaang| array

transistor) type transistor IS Igure 2c Is a circuit diagram equivalent to the memory

cell accordirly toaP@ figirdesertiattndtintiensow ch iricrir & eHarrEERRRst6?aiPthi Bise N - has
the reference 9 apg the Binolantansisiaeriprinisraae- AR Arnihs eeferance e MerERyiously

discussed, the source of the FET transistor 9 connected to the source line SL serves as the base for
the bipolar trans@&éY10, while the body of the FET transistor 9 serves as the collector for the bipolar

transistor 10.  Referxingdodaiguirss 3ddliwsiratingmnoihetheadantemiradigienteatiaeopsitier 25 is
integrated in the sourc . 32 |n a top reqgion thereo In the context of this variant, the source S
comprises a IighfW'HSEﬁggégg)?éﬁ%#é)f 'éﬂ%lcg gﬁh?g%/e]g%&é@ %%?%Sm region 31 arranged below the top
reg?on, the emitter 35 Me*mg)\_imegrgm indbe tdpHiegias 32 an@s{Zteﬁnew@ict_bdﬁw Fsigl_.:rees@, the bottom
region 31 of the E%%F(gg gan,in #ag%ulgéojrgagﬁﬁgggf‘,% ! bg%asvtgﬁ?é?% ﬁ%u%&%aggrdgégqosubstrate,

for example the layer in the case Str eing li to the top region 32 of
the source via a 8oarasstithg passer @3B eientRigers@yp. the insulating layer.  The strongly doped

bottom region 31 of thesource IN+IRPIREJR theRXAERIRSOREINGHikh BRkhaResfisal:grranged,
below the insulating layer, 20in a region 36 of the substrate that has an opposite conductivity (P-
region in the source line Sl sc as to address the memory celis arranged ajong a
20 column of the memory array.
It will be understood from the foregoing that, in the case of Figure 2a,
the injection line 1L is arranged below the source iine SL. The result of this is
a particularly compact arrangement inasmuch as the injection iine IL does not
consume any surface region.

25 Figure 2b represenis a topology of a memory array according fo the
invention with the source line SL shared beiween two adjacent cells. This
arrangement is thus even more compact.

Baéed on the topology of Figure 2b, the surface area of the memory cell
can thus be reduced to approximately 4 F2 in the case where a standalone

30 memory is being developed. While this celi is not totally insensitive fo

disturbances, nevertheless the ievel of disturbances remains low and in any



the example).  In the context of this variant, the source line SL is buried; it can notably be buried
directly below the insulating layer BOX as represented in Figure 3d. The emitter 35 of the hipolar
transistor is linked to an injection line 25 IL which extends directly below the surface of the substrate
(this injection line IL is provided instead of the source line of a conventional cell) and which, because
of this, is easier to access. Also in this variant, the vertical stack of the source and the emitter has the
particular consequence that the injection line consumes no surface area. 30Figure 3e represents a
possible topology of a memory array employing memory cells of Figure 3d. In this topology, the source
line SL extends 12 parallel to the injection line IL along a column of the memory array, while being
buried below the igjectieadineanntes ther@0X lajsturtathis \araneenbodintentdhednieeon line IL is
simpler to accessmgligglrfc?é%epresents another possible embodiment, in which the vertical 5 stack of
the source and the emitter is obtained by arranging the emitter 25 below the source 21, 22. It will be
noted that this embodiih&nt cawespor s obbedesrianenudFigike Sdhalttith easmittenenid tie strongly

doped egion of SOl HDRYIEKPARE 19 HEGHSS D0 GUIer S BRLTERS g eriter 25

(P+) is buried under 10 the insulating layer, in a region 26 of the substrate that has an opposite
conductivity fN- iRRBBERAMIHlEn8YE ARk TS tREPBYRthey HogidrrPoiTPtRe!SoliRESfiaA connecting

passage 23 eXte%ﬂ%Wr@@MEﬁhﬁd@%ﬂéﬂr& idesrddiessowae lineiBlreqnvrationaiyaxdtends
immediately below the 15 surface o thet%}té?bstrate while the injection line IL extends under the BOX

layer parallel to tHEHUBTRESL OFls fife .*ﬁ?é‘&’an fhePR Hbe LRV oRSERRINRY Lirtie area.

To return to the déistrptioosef the invention, the injection line is preferentially produced using a doped
e e T B, AR A A TR e
~ (P-type floatihg bdigiyrdenitheneasoottthat thgurs/éntiorifiss robtimited tosawdIdHIEE téinsistor, but
also extends to ﬂlz%r’?@él@ %8‘ gdfe!%@tﬂ%?ﬁ@@él(H)W%ﬁkeﬁt%r@gy%mmon source line SL.
This particular arrangement eliminates most of the sources of mutual
disiurbances since the celis sifuated on this double word line WL are all used
and it can be legitimaiely assumed that the write circuits are more powerful
15  than the disturbances. On the other hand, the two cells situated one on fop of
the other must, imperatively, be connected to two difierent bit lines BL1, BL2,
otherwise their information would become mixed during the WL access. This
has a direct impact on the surface area of the cell since it must be wide
enough to isave two lines of metal alongside one another. Whiie the latier
20 point is generally prohibitive for standalone memories, it is, on the other
hand, perfectly legitimate in the case of embedded memories inasmuch as
the surface area of the cell is around 4F*4F=16 F2.
As is represented in Figure 2a, the FET transistor also has a gaie
electrode positioned above the ficating body, on the surface of the memory
25 array, and insujated from the floating body by a dielectric layer. The gate
etectrode is linked to a word line WL which iypically exiends along a column
-of the memory array.
According to another embodiment not represented, the gate electrode is

recessed in the floating body and insulated therefrom by a dielectric layer. An

LR
)

RCAT (recessed channel array transistor) type transistor is thus defined.



25By using the techniques conventionally used in CMOS technology to produce such a doping of the
substrate in order to produce the injection line IL, the latter does not need to be metallized so that
metal wiring can be avoided. Figures 4a-4b, 5a-5b, 6a-6b and 7a-7b show the equivalent circuit -
30diagram of Figure 2a in order to compare the different programming, read and hold operations for a
conventional memory cell of the type of that 13 illustrated in Figure 1 (Figures 4a, 5a, 6a and 7a) and
for a memory cell according to the invention (Figures#b, 5b, 6b and 7b). In these various figures:
Figures 4a and 4b illustrate the WRITE 0 operation for programming the 5logic O state, Figures 5a and
5b illustrate the WRITE 1 operation for programming the logic 1 state, - Figures 6a and 6b illustrate the
READ operation for refaigurg reisog)ic rstatedid GRigueasivalemictd il istrateyhe H@LDrdipgration for

holding the logic §al.; H%%ttép f8 Q%HW%H%H%%@JF@'%O&%?W%%?t LNAVRiL0BEApplied to

the various lines to control the cell and carry out these various operations
N — has the reference 9 and the bipolar transistor — in this case PNF — has

the reference 10. As previously discussed, the source of the FET transistor 9

5 connecied to the source line SL serves as the base for the bipolar fransistor

10, while the body of the FET transistor 9 serves as the coliector for the
bipolar transistor 10. |

Referring to Figure 3d iliustrating another variant embodiment, the
emitter 25 is integrated in the source 31, 32 in a top region thereof.

10 in the coniext of this variant, the source S comprises a lightly doped top
region 32 and a strongly doped bottom region 31 arranged below the top
region, the emitter 35 being integrated in the fop region 32.

As represenied in Figure 3d, the bottom region 31 of the source can in
particular be arranged below a buried insulating layer in the substraie, for

example the BOX laver in the case of an Se0l substrate, while being linked

jo
[k

to the top region 32 of the source via a connecting passage 33 exiending
through the insulafing layer.
The strongly doped bottom region 31 of the source (N+ doping in the
example concerned) is more specifically arranged, below the insulating layer,
20 in aregion 36 of the substrate that has an opposite conductivity (P- region in
the example).
in the context of this variant, the source line SL is buried; it can notably
be buried directly below the insulating layer BOX as represented in
Figure 3d. The emitter 35 of the bipolar transistor is linked to an injection line
25  |IL which extends directly below the surface of the substrate (this injection line
IL is provided instead of the source line of a conventional cell) and which,
because of this, is easier to access. Also in this variant, the vertical stack of
fhe source and the emitter has the particular consequence that the injection
line consumes no surface area.
30 Figure 3e represents a possibie topology of a memory array employing

memory cells of Figure 3d. in this topology, the source line SL extends



WL SL WRITE 1 2.5 VDD VDD 0 V WRITE 0 - 0.25 VDD VDD | DV READ 0.25 VDD VDD DV HOLD
DV - .

12

parallel to the injection line L along a column of the memory array, while
being buried beiow the injection line, under the BOX layer. In this variant
embodiment, the injection line IL is simpler to access.
Figure 3¢ represents another possible embodiment, in which the vertical
5 stack of the source and the emitter is obtained by arranging the emitter 25
below the source 21, 22. It will be noted that this embodiment corresponds fo
the variant of Figure 3d with the emitter and the strongly doped region of the
source simply interchanged.
in practice, in this other embodiment, the emitter 25 (P+} is buried under
10  the insulating iayer, in a region 26 of the substrate that has an opposite
conductivity (N- in the example) and is linked to the peripheral region 22 of
the source via a connecling passage 23 extending through the insulating
layer.
The source line SL conventionally exiends immediately below the
15 surface of the substrate, while the injection line IL extends under the BOX
layer paraflel to the source line SL. Thus, the injection line IL does not
consume any surface area.
To return to the description of the invention, the injection line is
preferentialiy produced using a doped semiconductive material. This is a
20 P-type doping (notably, a P+ doping} of the material of the substrate in the
examples represented in the figures in which the FET transistor is of the
N type (P-type floating body). it wili be understood that the invention is not
limited to an N FET fransistor, but also extends to the case of a P FET

transistor (N-type floating body).

[he]
o1

By using the techniques conventionally used in CMOS technology to
produce such a doping of the substrate in order to produce the injection iine
[, the latter does not need to be metallized so that metal wiring can be
avoided. |

Figures 4a-4b, ba-5b, 6a-6b and 7a-7Th show the equivalent circuit
30  diagram of Figure 2a in order to compare the different programming, read

and hold operations for a conventional memory cell of the type of that



DV DV 15Table 1 - Memory cell of Figure 1 lallil WL WRITE 10.75 VDDVDD SL IL 0V 0.75 VDD
WRITE 0 - 0.25 VDD VDD DV DV READ

illustrated in Figure 1 (Figures 4a, 5a, 6a and 7a) and for a memory cell
according o the invention (Figures 4b, 5b, 6b and 7b).
in these various figures:
- Figures 4a and 4b iliustrate the WRITE 0 operation for programming the
5 logic O state,
~ Figures 5a and 5b iliustrate the WRITE 1 operation for programming the
logic 1 state,
~ Figures 6a and 6b iliustraie the READ operation for reading the logic
state,
10 - Figures 7a and 7b iliustrate the HOLD operation for holding the logic
state.
The tables below illustrate examples of voltages that have to be applied

to the various lines o control the cell and carry out these various operations.

BL WL SL
2.5VDD VDD ov
-0.25vbD { VDD AY
0.25VvDD (VDD IAY
oV oV oV
15 Table 1 — Memory cell of Figure 1
BL WL SL IL

1 WRITE 1
WRITE O
READ
HOLD

WRITE 1

6.75 vDD

VDD

oV

0.76 VDD

WRITE O

-0.25 VDD

VDD

oV

oV

READ

0.25 vDD

0.5VvDD

oV

Y

HOLD oV oV oV

Table 2 — Memory cell according o the invention

oV

it will first of all be observed that the voliage that has to be applied to

the word line WL 1o carry out the read operation READ s, moreover, lowered

to a fraction of the nominal power supply voltage VDD, for example to

20 0.5 VDD. This makes it possible to lower the overall consumption level of the

cell. Furthermore, inasmuch as this voltage is situated between the two



0.25VvDD 0.5VDD OV 0V HOLD DV DV DV DV Table 2 - Memory cell according to the invention

It will first of all be observed that the voltage that has to be applied to the word line WL to carry out the
read operation READ is, moreover, lowered to a fraction of the nominal power supply voltage VDD, for
example to 200.5 VDD. This makes it possible to lower the overall consumption level of the cell.
Furthermore, inasmuch as this voltage is situated between the two 14 threshold voltage levels (0"
and "1"), the read selection leads to the presence of a current for the lowest threshold voltage (in
principle, "CT by convention), and the absence of current in the other case. The design of the
detection amplifier is then reduced to a "simple" comparator that is much easier to design than if there
are two currents bfdiffaignivaliggitutioeihat fiusnde tOinphedtadefarientios, lefetencedihat must be

known and that rgust Qe trusted cyrrent for the lowest threshold voltage (in principie, “0” by
convention), and the absence of current in the other case. The design of the
detection amplifier is then reduced to a “simple” comparator that is much

5 easier to design than if there are two currents of different amplitudes that

must be compared to references, references that must be known and that
must be trusted.

Moréover, as already described in the introduction, a voltage of around
2.5 times the nominal write voltage VDD must be applied to the drain of the

10 conventional memory celi to carry out the WRITE 1 operation.

By using the injection of charge into the floating body by the injector, the
invention makes it possibie to lower the voliage needed to carry out this
WRITE 1 operation. In particular, the voltage that has to be applied to the
drain of a memory cell according to the invention is Iess than or equal to the

15 nominal voltage VDD, for example equal to 0.75 VDD as indicated in Table 2
above.

The fact that all the programming operations are carried out with iow
voltages applied to all the power supply lines 1 offers a number of
advantages.

20 First of ali, the power consumption is reduced and the design of the
peripheral circuits is simpiified. In particular, the circuitry needed to generate
high voltages (2.5 VDD for the conventional memory celi, notably for the
WRITE 1 operation) is not necessary.

Moreover, by reducing the voliage, damage to the memory cell is

25  avoided. Disturbance of the neighbouring cells is also avoided.

Thus, a disturbance potentially generated via the bit line BL in a write
operation on a neighbouring cell corresponds to a voltage of 0.75 VDD
(WRITE 1) or -0.25 VDD (WRITE 0) on the bit line BL in the example in

- question (with WL=SL=IL=0V). These relatively low voltages are not likely to

30  generate significant disturbances,



Moreover, as already described in the introduction, a voltage of around 2.5 times the nominal write
voltage VDD must be applied to the drain of the conventional memory cell to carry out the WRITE 1
operation. By using the injection of charge into the floating body by the injector, the invention
makes it possible to lower the voltage needed to carry out this WRITE 1 operation. In particular, the
voltage that has to be applied to the drain of a memory cell according to the invention is less than or
equal to the 15nominal voltage VDD, for example equal to 0.75 VDD as indicated in Table 2 above.
The fact that all the programming operations are carried out with low voltages applied to all the power
supply lines 1 offers a number of advantages. 20First of all, the power consumption is reduced and the
design of the peripheral distutsiesingtifidalyropaetistadry i dherawittyinecdbdincagbtidrete thigh
voltages (2.5 VDP-for e, spKesionab mesaaRnS el etk ian e WRLEE 4 \petationl ismot

necessary. Moreover, by reducing the voltage, damage to the memory cell is 25avoided.

Disturbance of théleighisaeiyEdns iVaspawide® VOPHoR taadiBierhandepbedialyenerated via

the bit line BL in gwiie-opgraliomeeimAeiohhadinased sorrRspoadpiofyalingeri8)ihy DD
(WRITE 1) or -0.25 VDD (WRITE 0) on the bit line BL in the example in question (with

WL=SL=IL=6V). ¥R £ RGR0EK MEW o RRGMEY SRR BB L & &6 ignificant disturbances, 15
A disturbance potentiafly-ggnRIared waitbeoperstiine W LaimaiyMBbLERL wete wiernatian vDa
neighbouring cell corresponds to_respective valtages.of VDD o word line WL and of 0.75 VDD on
the injection line W(_%tlgn W’Tﬁ‘gﬁ'}:@&b@oiﬁﬁ nbfrqj%c{iotrﬁacg\‘s é:%%?gl%%m! B the \g)](érr?f)( & Uegcribed
here) into 5the floasngheadiyarka) tisetdpolai fransistbtie theietikely isagdarbe evacuwWERIT™E0 write

operation on a n%igﬁggég\i)’égb%qmé/w is at VDD while BL=SL=IL=0 V. The bipolar transistor (PNP type

-~ in the example descri here) Is then OFF and all the holes are likely to be evacuated via at negative
* bit line. 101A%rder to dimplgasvircime theserenstariapee plsebmest PANETRNa, a choice

can be made o not remain passive by writing to the stressed celis given that
they are located on the active word line WL (which is tantamount 1o carrying
out valid WRITE operations on all the cells along WL by applying the

appropriate voltages to all the corresponding bit lines). This conditions the

[
@3]

partitioning of the memory (requires ail the cells along the word line WL to
belong to the same word) without, however, this posing any problem given
that all the stressed celis can be used directly by the application. in practice,
if the word is wider, the information bit rate is greater and ultimately the
consumption is lower,

20 It will have been understood from the foregoing that the invention is not
limited to a memory cell according to its first aspect, but also extends to a
memory array comprising a plurality of memory celis according to the first

aspect of the invention, and to a method of controliing such a memory cell.



can be made to not remain passive by writing to the stressed cells given that they are located on the
active word line WL (which is tantamount to carrying gut valid WRITE operations on all the cells along
WL by applying the appropriate voltages to all the corresponding bit lines). This conditions the 15
partitioning of the memory (requires all the cells along the word line WL to belong to the same word)
without, however, this posing any problem given tganplighe stressed cells can be used directly by the
application. In practice, if the word is wider, the information bit rate is greater and ultimately the
consumption is Iowermzog W!}”a ave Lk}:)ce%n Hn%%ﬁ%tt(?qd Eronr]n rtag% foregoing that the invention is not
limited to a memory cell Actor iﬁg ?o Its f?rs‘f:‘aspec?, GF a0 extends to a memory array comprising a -
plurality of memory cellsadweBrdited itb tHedRstudsetocT theris/erisatesia tosaursetisd df controlling
such a memory cell. 164 ¥ebechemnasy Fell4podueasharbads esiale teoBuFrisingisa horizontal
FET transistor having a source connected to a source line, a drain connected to a bit line and a
floating body between tH es?fﬁl’?fe and the drain, an injector that can be controlled to inject a charge
into the floating body-of nerfEriaatstoheterifijdetolodojrststingandeaitiip tiarfivatinsistothaving an
emitter connected to an jpigctigaring, ahasaandadlpciiio s dibsdhefiQrunchady of the FET

transistor, wherein the emitter of the bipolar transistor is arranged so that the emitter/source assembly
forms a vertical stack, tH&'<SURES BPTRECHE A SIERIPLdRGNG B25Hha R EFBTTRE BIFEEr transistor,
and wherein the injectiohyithe fisatingedody tii¢hsUiEdceeobiter substrate. 2. Memory cell according to

Claim 1, in which e Herds HUPGHE I e SRS « Srimecs oell akeariliagdoufdaim 2, in which

the emitter is arranged in a bottom region of the source. 4. Memaory cell according to Claim 3, in which
the source comprRSEHRY S AspEaat et RegfoHrenafdNfyRly J8pEsiYeisrresas&fon
surrounding the cesateaksegianpiaodrnrwikistethenemitieris greamfetonitiria thespesipheital region of the
source under the ggj@ég%l 5&%’&8& g.source. 5. Memory cell according to Claim 2, in which the
emitter is arranged in a top region of the source.

2. Memory cell according to Claim 1, in-which the emitter is integrated in the

SQurce.,

3. Memory cell according to Claim 2, in which the emitter is arranged in a bottom

region of the source.,

4, Memory cell according to Claim 3, in which the source comprises a strongly
doped central region and a lightly doped peripheral region surrounding the central
region, and in which the emitier is arranged within the peripheral region of the

source under the central region of the source.

5. Memory cell according to Claim 2, in which the emitter is arranged in a top

region of the source.



17 6. Memory cell according to Claim 5, in which the source comprises a lightly doped top region and
a strongly doped bottom region arranged below the tqp region, and in which the emitter is integrated in
the top region. 7. Memory cell according to Claim 6, in which the bottom region of the source is
arranged below a buried insulating layer and is linked to the top region of the source via a connecting
passage extending through the insulating layer. 8. Memory cell according to Claim 1, in which the
emitter is arranged below the source. 9. Memory cell according to Claim 8, in which the emitter is

arranged below Ul R ualagURL DL EINER (ke Solkee A A faRneclgRgesace

extending through the insulating layer. 10. Memory cell according to one of Claims™ to 9, in which the
FET transistor aIs?PE%ﬁjnfﬁﬂs’@@'%f‘g%ﬁ% %Ié@?f’&ﬂﬁ’é?@%@%é’éﬁqﬁ ﬂﬁ*@'%zﬁ" RyBSHYSRY tsifated from the
latter by a dielectriggtayeandlid wkiemnbeeoettsaccondingdo ionkeabtagng.1 to 10, in which the emitter
composes a doped semiconductive material of conductivity opposite to that of the source. 12. Memory
cell according to one of Claims 1 to 11, produced on a semiconductor-on-insulator substrate. 13.
Memory cell accofdiffeieronesbpesgiting fore'eim f wmbkhie PetoRREISIRT IS FRPHES ik a well

produced in the teprpayéobaidwily Subé‘dr&tﬁnaiiﬁg lé'yeN@mOf,wiaké@yt@Qmapr@imgga;@Iwm&y of memory
cells according to any one of Claims 1 P{ array accor toc claim 14, wherein the

source line is coup?ecf fo'the Zolirce o %%Scsﬁ q%g?ﬁ%?y o qoﬁg r:Jteco urﬁ% e - array and the injection

line is parallel to the source line and coupled to the emitter of each memory cell along said column.

16. Method of corgroliag i/ aemerseRibasoEHNg, a ARKIoRR ehMaiMsskrdyeahersiniskiing a WRITE
1 operation for programmlng a logic 1 state, a nominal write voltage is applied to the gate of the FET

transistor, a voltag Y&&s than or equal to the nominal write voltage is applied to the drain of the FET
transistor and a positive voltage is applied to the emitter of the bipolar transistor. 17. Method

according to Clairg 1feifonhieh. £dbrehg B PBertiariahseading: e lrgig-ataignf she cell, a

fraction of the norEinal write volta%e is a%)he(i] to tJ' te of the FET transistqr.
‘ uried insulating fayer and is linked o t e source via a connecfing passage

extending through the insulating layer.

10. Memory cell according to one of Claims 1 to 9, in which the FET transistor
also comprises a gaté electrode recessed in the floating body and insulated from

the latter by a dielectric layer.

11.Merﬁ<’3ry cell according to one of Claims 1 to 10, in which the emitter
composes a doped semiconductive material of conductivity opposite 1o that of the

sSource.

12. Memory cell according to one of Claims 1 fo 11, produced on a

semiconductor-on-insulator substrate.

13. Memuory cell according to one of Claims 1 to 11, in which the FET transistor is

formed in a well produced in the fop part of a bulk subsirate.



19 DRAM MEMORY CELL HAVING A VERTICAL BIPOLAR INJECTOR ABSTRACT According to
a first aspect, the invention relates to a memory cell cgmprising: an FET transistor having a source
(S), adrain (D) and a floating body (FB) between the source and the drain, an injector that can be
controlled to inject a charge into the floating body of the FET transistor, the injector consisting of a
bipolar transistor having an emitter, a base and a collector formed by the body of the FET transistor,
the cell being charAcrDaY AP S RREPSFRIY BJBRIIPAASIEBrIeraNa yal B8t the source of
the FET transistor3amves @stthe base for the bipolar transistor.  The invention also extends to a
memory array comprising a plurality of memory cells according to the first aspect of the invention, and

to a method of controlling such a memory cell. FIGURE 2a o
15. Memory array according to claim 14, wherein the source line is coupled fo the

source of each memory cell along a column of the array and the injection line is
parailel fo the source line and coupled to the emitter of each memory cell along

said column.

16. Method of controlling a memory cell according to any one of claims 1-13,
wherein during a WRITE 1 operation for programming a logic 1 siate, a nominal
write voltage is applied o the gate of the FET fransistor, a voltage less than or
equal to the nominal write voltage is applied to the drain of the FET transistor and

a positive voltage is applied to the emitter of the bipolar transistor.

17. Method according to Claim 18, in which, during a READ operation for reading
the logic state of the cell, a fraction of the nominal write voltage is applied to the

gate of the FET transistor.



