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 voltag t t n,t tif; rreng 25flowing
between the sourcejﬁ Pﬁg@ a|n (g%{[ﬁe tréﬂ@tlgt r thus ﬂpé% S %ﬁe qugﬁﬁénﬁ %6? és 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

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
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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

3]
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



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%uch a floating body DRAM memory cell is
described in the document US 2004/0108532. This document proposes creating a memory cell by

associating a flogiéngoppdeherizastabhbrbtitansiStalsanidia hotagstalddinequiteangisipssudable for
injecting charges. intq the flog[in% tl,olﬂcg The low storage capacity of the floating body is thus increased.
The horizontal b‘?ﬂ&‘é\‘ﬁ%é’ﬁ‘ﬂ 8158 rgrﬁggiﬁém?%rranged laterally to the FET transistor with the

emitter (serving as infeatorjeaf-hie it dler tednsisiprifer nsedfaceh e dsiratepieith lycendbctivity
opposite to the lgtter, the 0 ipalar transistoy being f y the st he collector
of the bipolar traﬁn%?s{,'trc])g Sé;@ﬁ% ask?%aﬂin%]l%gﬁ y or%[é)(le F%Tg?rét)%\%}l%%g ¥%ﬁ%uéaggﬁ%%gngement,
the surface aredl$ tR8GALIMOBP 38! iEhisddeedrierip proripses yreafing Howesmgmn tell &iyangement,

the emitter and e haise ROBSHSBR R8G9 ALAAGRANPERNIRAGIPAIRT IPRumRAfBmemory cell

surface area remains an objective to those skilled in the art. Moreover, this memory cell has the

drawback that iti@aHRirHitalieuferdNesing shaTesroite dhs tRatinghordre Sepmy 8910 for the

bipolar transisto&@mgytbﬁtmiﬁg Hedoyeh ghadaiween two adjacent memory cells, the
result is a risk of disturbances between these nei%%bourin%cells. l[will ther% r ?be understood that

the memory cell accotB§ARRIARRRIBNIBRESES AT0TEE8 SPFS TGRS i 5AY 4Rd that there
is still a need to figenE@Tttesakmtstemevitionied draeackseivitig pgoirgettBRIBF RESGRIRTION OF
THE INVENTIOIgl .%mb]odimeéﬂi%%éhedgggg%iejonl eakég 8¥{fdv<latar(1)im Sr%ve[g rfﬂeerﬁ]é}%rcell that has
a reduced surfad are: Qﬁggg?glng 0 & firs aspec¥vo the present in ent on, Rere s provided a
memory cell prothecéasm af sihissivitelsvinpnisisigr BsirghtairuedabFRiTetranbiitatchaviddgizesource

connected 10 a soificalineafaitycmPriad 196 Wblign anskadloaling bady hsRens source and

the drain, an injector that can be controlled to inject a charge into the Tloating body of the FET
transistor, the infE&f6i¢8hsisting of a bipolar transistor having an emitter connected to an injection line,

a base and a collectopfigime@byaihe:Heatieenkedy abihe fide taesisithe memory cell is

reduced to approximately 10F2. 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 skilied 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:



wherein the emitter 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 tife substrate. = Some preferred, but nonlimiting,
embodiments of this memory cell are as follows: the emitter is integrated in the source; the emitter is
arranged in a bottom eegmirehthlersiuteaisikierdaviog cospprisesensisorgl todapedieeningl, region and

a lightly doped peripheral region surroyndin t{u central region, the emitter being arranged within the
peripheral region of thd aﬁ’ﬂ?:%oﬂﬁﬁgﬁeaw D¢ gr?ﬂ aﬁn%a% %ﬁ %@3“% ubr%%?,n})ﬁ?ém%%?’lt aF igoaur?%%ged in a top
region of the source; v thaudcaicpmprises a lightly doped top region and a strongly doped bottom

e s e RPN IR SIS RARY LIGRPL B PRESE R aReeT, on
via a connecting passhgéyextdneih§ thireoglsitre s ingeitor agesisting ehaittéipdtantrangetdbelow the
e s s A LAon PR lpO I dedng e
collector formed by the floating body of the FET transistor,
wherein the emitter 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 also comprises a gate electrode recessed in the floating body and insulated from
the latter by a dielectric layer; - the emitter comprises a doped semiconductive material of conductivity
opposite to that of the source; - the cell is produced ¢h a semiconductor-on-insulator substrate; - the
FET transistor is formed in a well produced in the top part of a bulk substrate.  According to another

aspect of the invention{HE &R iteepig\AeeA Gemeiow Abayd MBURNIRMleralitd ¢ Rty cells

according to the first aspect of the invention., The memory array can notably comprise a source line
coupled to the sourééeo o it r’ﬁ'@n?oﬁ%@ﬁ"éﬁ'&ﬁgpfﬁﬁﬂ%r%ﬁﬂg?égribr%a?hr%ﬁjéﬁgéﬂt% parallel to

the source line coupdgerto the emitter of each memory cell along said column.  According to yet
another aspect of the inventjap, there is prqvided a method of controlling, a memaory cell according to
the Tt aspect, wihereil B STRFRY PHCrTA i oA g EoP St Pelborminal wrie
voltage is applied tditatigatedf dredfhsl knsasiston the ittaleasdibletac éayat to the nominal write

voltage is applied to the drain.of the FET transistor and a.positive.voltage is lied to the emitter of
the bipolar transistor. th el 'é%ﬁ r%%{Hpc'S'SSPa |o§?ﬁ)’[e§ 3?@'%%%5@3’ ?ona%%?/af gific %dnuo ‘e nominal

write voltage to the gapesifete FET ¢fdhsistour@RIEF DESCRIPTION OF THE DRAWING  Other
aspects, aims and advgntagas K invention will -Sﬁ’l]fﬁ%lﬂ}%? [eft from reading the
t

o] t i
following detailed description of é?e erre%sgﬂ%%\élments o‘l%t e latter, given by way of nonlimiting
example and with referdnedetid tranaistaria éororemvingsvellprietiiceiyinréne, talbazary sherhidined
previously, represen gtp%yentional floating body DRAM cell; - 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 AGsierskigdnansibrylasepselchynst Bvpaironhaialsdanpitiad @ MEmBFY cells of
Figure 2a; array comprising a plurality of memory cells according to the first aspect of
the invention.
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 2c 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 semiconductor-on-insul3tor substrate; Figure 3b represents a possible
embodiment according to the invention of a memory cell using an FET transistor on a bulk substrate; -

Figure 3c represgnismneihevressifiegembodiphad obatiegaty oflltaecoringrimistanyention in
which the injection |ine is burjed below the insulating layer: -.Figure 3d.represents gnother possible
embodiment of & %Lﬁ%%??scseiﬁggc%rr&%%%ﬂf@%U@%ﬁ%{'ﬁﬁi P’u" R}tiﬁ%ﬁifﬁ%esgﬁggﬁf?ge?sﬁﬁ%#}ea&nbeIow the
insulating layer; o6 fHeidtkd 3amsistesent$ a posiiievdizglegs apalienthootiyeneayittanplbyirtg memory
cells of Figure 3%‘1 -%ﬂgﬁgﬁé}&&nd 4b respectively represent, on the basis of equivalent circuit
diagrams, an oper% Ion for programming a logic 0 state in a conventional DRAM cell and in a DRAM
cell according to the ilivéntish:reghorss @ipand 5» aspaaaaiberdprapeht, airasdieasit beequivalent
circuit diagrams, 2R ARArAHRS (N REROIGANEIRS:8 Mditlritaie dhggepventional DRAM cell and in a
DRAM cell according to the invention; - Figures 6a and 6b respectively represent, on the basis of
equivalent 10circuit diagrams, an operation to read the logic state stored by a conventional DRAM cell
and by a DRAM cell mmplings;c@mﬁmmkmﬁﬁlﬁmh and 7b respectively represent, on the
basis of equivalent circyit diagrams, an. operation to hold the logic state stored in a conventional
e e LS R j

DRAM cell and in a DR o &PS r(ﬂﬁa ot ar%eJ.SS-O i ue?epéer%%? <en sng%r&tr\{"ér possible
topology of a mermooyreranyore apparent from reading the foliowing detailed description of

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;



employing 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 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 to inject a charge into the floating body FB of the FET transistor, = The memory
cell is, in this case, produced on a semiconductor-oniAasulator Se01 substrate, preferentially a
silicon-on-insulator 301 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 ddigivenbenemieseoée 30EH0Ng WipeeY aimamrmparayaxemalagia the plane
of Figure 2a; the CWE@@ ot} ry agay 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 antdigWaheth@drtion KERBEOHRIMVERTRRREY &5 aHEIp 2P| SfeBIMRIBN cell, but

also extends to a meragky gelimeartially sepigied SRO03rtoigimiemPd) antina nemasy gelkproduced
on a bulk substrate (F&i‘g(ure_:%b{g8 In the case of Fiﬁ rgﬁsﬂi%a and 3b, and in a manner conventionally
g 5

known per se, it is FOENESHRMD RISRREGRE W&o bR TNBMEN NG AYSH I er to create the
floating body effect- 18iguhes caseanll Figurespacthisiis epneeatipralltidobedly loteralisalating

circuit diagrams, an operation for programming a logic 1 state in a
conventional DRAM cell and in a DRAM cell according to the invention;
- 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.

DETANLED 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



trenches 13 (according to the shallow trench isolation STI technique) extending depthwise from the
surface of the substrate to the BOX. In the case of Figure 3b, this 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 trenches
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 also be
arranged on a layer 16 of the substrate having an opposite 20conductivity.  Returning to the
description of Figure 2a, the injector consists of a bipolar transistor having an emitter 15, a base and a
collector formed bigtie fleatirtubodshEBrgf theleETitraosstde o thectortedieokthéaoearten, the
emitter 15 of the hi ransi i ranged so that the source S of the FET transistor serves as
the base for the é)idpgo ﬁétéagr?s?sﬁ%rﬁ?v%ﬁf%% noted that controlling the voltage of the source serving as
the base for the bipold¥tré@Risrsiesalier thiacoRtrdNhgthdhpliagnbethis Substhaweserving as the

base for the bipalafigansisiatnf tpmemayaeH ereRieG i heEdRGURERHERAPAA108532. S

The FET transistor is a horizontal transistor and the emitter of the bipolar transistor is more specifically
arranged fading R EERIFRR PET (RIS OIRAIHAIGR BRTRRIY S BECIESERBIY FoRHIK a vertical
stack.  In a prefgseechenbigdi@ent, the emitter is connected to an injection line that runs below the
surface of the memorY [

cell thereb§pgt consu |n% S#%%Se area.  The emitter 15 ?f th@ bipolar
transistor can notably Be éteﬁz?g?e in tHE"§5urée oY =k a'ﬁ]sigt&??ﬂ%%rﬁc?ﬁ]é’% ORAY variant
em_bodiment reptemm_e[mbmsléi,gme ﬁacébs_mmiue'sdzé_tés ﬁtnﬁaegeasedidxmg@ mm&%;ﬂ%:i;mwl_o bottom
region thereof. A&ﬁ%%ﬂg%i&jﬁe&%@g@’tﬁgﬁf&a lrE{ﬁgg{ﬂ)%l3;11I3r<:§3[fpresented in Figure 3d, the emitter 35 is

< integrated in the sou In‘a top region there erring to Figure 2a, the source
conventionafly compribetih ceptapheigkiiowa. feisss aeisiglyrddpatboerralatetpdisibiiftg example

N+) and a lightlyfgped pefipheralsraion 22 (s example Nedyrosnding thergentialyggion. The main

purpose of the strongly doped central région 21 is to ensure the contact with the source line SL while

the lightly doped$éeRifiesafieadiviseiRmity syrtrufidte MoImirivinoBR&EFET transistor. Thus, it
is the lightly doped regioma 2aubieh sgisedsin, thescanient ohthadnyeipnis|2@ike Baraifgr the bipolar

transistor. 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 the context of this variant, the emitter 15 is arranged so as to be positioned below 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
integrated in the source electrode between the central 21 and peripheral 22 regions thereof.  In the
case of a memory cell made of fully depleted Se01 (see Figure 2a), and unlike the case of a memory
cell made of partially depleted SeO1 (Figure 3a) or a memory cell on bulk substrate (Figure 3b), the
BOX 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 doped central region 11 (N+ in the example) and a lightly doped peripheral
region 12 (N- in the eX@am &) Tsuremsidongithe dentralnediomnisisdomamde then@nmittzongéritionally per

coming nto contiEL Ky e i o e AP AT e P Acy T TN =" A car b

mory cells arra IS liné.” ~ As can be
seen in Figure 2batisistgsed®isheoamétesdaoressanseaime fSImT higaridaetsthnl. SL typically extends

perpendicularly to theth)ié'B]%@Heé%rﬁ%&ﬂﬁéﬂ%ﬁtﬁ@@ﬁﬁ&&fj% %ﬁgeﬁg& {bypica ¥ dhs-Sirnaly doped

region of the source) of each of the memory cells arranged along a column of thé memory array.  In
the case of FigutB82BBRIPSIN S0 §HEffie B LIRS FRRSTE R nesiniisdrtte Bl 6P 8& Hiface of the
Se01 substrate. {5eeesneyr, in the case of Figures 2a and 2b in which the source is shared between

e e B T S TN e g o e
address the mensotyczellsf athi@ndetiralpngsis 20. coluranddigheamentory arsagnt 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

[
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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.



It will be understood from the foregoing that, in the case of Figure 2a, the injection line IL is arranged
below the source line SL. The result of this is a particularly compact arrangement inasmuchr as the
injection line IL does not consume any surface region. 25Figure 2b represents a topology of a memory
array according to the invention with the source line SL shared between two adjacent cells. This
arrangement is thus even more compact.  Based 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 30memory
is being developed. While this cell is not totally insensitive to disturbances, nevertheless the level of
disturbances remains low and in any 10 case less than the level of disturbance encountered with
conventional memorylcefilb.be notddetbasthefdiairbeaidetbmbavery silangithdotasiregoirf@ments are

greater for the transistors (R@eﬁi‘ tfpupr&gggp%qaé}gsat%gwﬁiqjgﬁ%s@%m@gprggﬁﬂome@@)mthe surface

area occupied by the transistors is greater. A memory cell surface area of the order of 15 F2 to 18 F2
is then achievedthe gyasIMeWVEPUGREIGHREHETST 6EBIBfMg totally insensitive to the disturbances.

Another possible topqlogyygaa&orrRagt Bukieialbringepsitive ted Qieistubansegadsibepngsented in
Figure 8. In this topology, the ward line WL controls two adjacent physical rows which share a

common soérce'lﬂ?e%t.tm?sbﬂtalriﬂ@u%’r SRrRRYERE AN ANIE CMOS: BRIABE SiFREs Y AftRual

disturbances singedheeells sitrateed endhistienble ovang lineMdnace all asedgeadaiotgnthi legitimately
assumed that th? write circuits are more powerful 15 than the disturbances. On the other hand, the two

cells situated oné 6h top of the other must, imperatively, be connected to two different bit lines BL1,

BL2, otherwise their iﬁamatm_mqlm%gom&mimww his Mwa@cEfthonisdam@@didﬁect_ impact
on the surface arga qfhﬁgesgﬁl}c%qﬁ%ltgng [%%Wll%%tgﬂgg%%é%y@%%%eﬁ] thm%% aé(t)_pgsme one

another. While the'latter 20 point is generally prohibitive for standalone memories, it is, on the other
hand, perfédtly |eghiRatEsia oee eatavihdhsveddes meialiedinasiongh dsrae RaRrReERE of the cell

is around 4F*4F516F2, of SABrSHEBEERRNRMIRSIg WeARdhIGR] rapRistarAleR: hasAdgnte

electrode positioned above the floating body, on the surface of the memory
array.

in the case of Figures 2a and 2b, the source line SL therefore runs
immediately below the surface of the SeOl substrate.

15 Moreover, 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
address the source of the two memory cells.

The emitter 15 is linked to an injection line IL which extends parallel io
the source line SL so as to address the memory celis arranged aijong 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



25 array, and insulated from the floating body by a dielectric layer. The gate electrode is linked to a
word line WL which typically extends 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 30RCAT (recessed channel array transistor) type transistor is thus
defined. Figure 2c is a circuit diagram equivalent to the memory cell according to the first aspect of
the invention. In this figure, the FET transistor-in this case N - has the reference 9 and the bipolar
transistor - in this case PNP - has the reference 10. As previously discussed, the source of the FET
transistor 9 connected to the source line SL serves as the base for the bipolar transistor 10, while the
body of the FET trassistas Otsarvebasitvelcaliedistitative bipalauttansistanith0.convéefemiig to Figure
3d illustrating an%q%%[; varé%rﬂt embodiment, the emitter 25 is integrated in the source 31, 32 in a top
region thereof. 10 Tn fhe Context of this variant, the source S comprises a lightly doped top region 32
and a strongly doped botfwrcasgior 30 amisgisebaremeng, toyeoadibal the enitisrdsnbemrg integrated

in the top region 32.1erAS BRI GSRINELI FiguredbilirRoLOmJRIAN, 319 IS SAVERAN In

particular be arranged below a buried insulating layer in the substrate, for example the BOX layer in
the case of ah SEUERYHSHale, iMikIFSFR) RIRBAAGPHIESS Pieditth BanTsHE SdaréEadtea donnecting

passage 33 extengbnghi)resiol thadassiating lmeesrder the strengly doped bediomcresier 31 of the
source (N+ doping in the exampleﬁc‘%%ncemed) IS m?re specifically arranged, below the insulating layer,

20in a region 36 8Pf%e SIBYRARE tHfHad%h lte CbnBEERitPIBM e ISRTATME elantPfe).  In the

context of this vadaniriibacaurce line SL is buried; it can notably be buried directly below the
insulating layer BOX ag r&gresentedbl{é F{gug? 3d. The emitter 32 ot}‘utpet btlzg)‘Plar tragggg\t{gr IS linked to an

- injection line 25 1L whidh eﬁErPdgsafrectly e 8Wthéegarf%%@%?? esUbstrate (fﬂlsselnjectionoline ILis

" provided in$t@ad @Sth@amseiﬁneplf@@mdemiﬁmreeﬂ) hrnéhtmm;hoib.gga[ﬁ&;e wbﬂdiéi,rﬁg @ésier to
access. Also in this arjanl,dhe:¥eiseL RSP R SpHige andhe Emierhas e Apriger

consequence that the injection line conisumes no surface area. 30Figure 3e represents a possible

topology of a memdify aREigEaTplRTRTPATEANLEBIIBEFigUes3@! InthissRIpeRiyyOthedwarce line SL

extends disturbances since the celis situated on this doubte 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.



12 parallel to the injection line IL along a column of the memory array, while being buried below the
injection line, under the BOX layer. In this variant embodiment, the injection line IL is simpler to
access. Figure 3c 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 to the variant of Figure 3d with the emitter and the strongly doped region
of the source simply interchanged. In practice, in thisiother embodiment, the emitter 25 (P+) is buried
under 10 the insulating layer, 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 connecting passage 23
extending through the Figuiatings ayerclith€isgmoe dima\Ble o hventioraitp extehdsdomiediftely below
e 15 puriace olibsitstiateonile iR NCIAINS o e RIBLAdEr e AOX eT paralel o the

source line SL. Thu e Injection line IL does not consume any surface area.  To return to the

description of theNnvéagohetiriensastoR e i prefer@itisappebtiucdd tiimeeaibPEY sdrffconductive
material. This is g0 JrshiRe0pping @%Bl)’slﬂ Racdopinghef tharatstiglot the pibsttedin the

examples represented in the fi%ures in which the FET transistor is of the N type (P-type floating body).
It will be undeérstéPRtaRADBRIGE HOE IRNEBI G RAN KERRSSISIBE PROKEE @3S to the

case of a P FET transisiey (hetypefleating rogy) rabByiusingdhe dechsiguescmnientionally used in
CMOS technology. to.produce ucﬁfa doping of the substrate in order to produce the injection line IL,
the latter does n ’H%’g ?fg%sésﬁ?ét lized so that metal wiring can be avoided. Figures 4a-4b,
5a-5b, 6a-6b and 7a- 7Rsshoinghe egiguede icciibust 3@ dipgianited Figuimn 2 emmrdierdotcangpare the

different programgying. readand Ol QRFIRLRIRL 3 FODY RNIQBE! ISEIORGRELOf the type of that
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



13 illustrated in Figure 1 (Figures 4a, 5a, 6a and 7a) and for a memory cell according to the invention
(Figures 4b, 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 reading the logic
state, 10Figures 7a and 7b illustrate the HOLD operation for holding the logic state. = The tables
below illustrate examples of voltages that have to be gpplied to the various lines to control the cell and
carry out these various operations. BL WL SL WRITE 1 2.5 VDD

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



VDD 0 V WRITE 0 - 0.25 VDD VDD | DV READ 0.25 VDD VDD DV HOLD DV DV DV

10

20

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
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,
- 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
WRITEO |-025VDD VDD AY
READ 0.25VvDD VDD {UAY
HOLD oV oV oV

1 WRITE 1

Table 1 — Memory cell of Figure 1
BL WL SL IL

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 1Y

Table 2 — Memory cell according o the invention
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
0.5 VDD. This makes it possible to lower the overalt consumption level of the

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



15Table 1 - Memory cell of Figure 1 lallil WL WRITE 10.75 VDDVDD SL IL 0V 0. 75 VDD WRITE O -
0.25VvDD VDD DV DV READ 0.25 vDD 0.5 VDD

threshold voltage levels ("0 and “17), the read selection leads to the
presence of a current 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,



OV OV HOLDDV 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 tite 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 of .
different amplitudes thatdstbeasopgiantdi geferieesaciesanmons ihatiuit Be/kRolm and that

must be trusted. .. MgIeONEL a5Alf ‘??e‘?é{h%%ﬁ%@e@eﬂ‘ BRSO 8 e R8s Ok Ahaung 2.5 times

the nominal write voltage VDD must be applied to the drain of the conventional memary cell to carry
out the WRITE 1\dpRratidie word line WL and of 0.75 VDD on the injection line IL (and with

Bi=SL=0V). An injection of charge (holes in the example described here) into
5 the fioating body via the bipolar transistor is then likely to occur.
in a WRITE 0 write operation on a neighbouring ceill, WL is at VDD
while BL=SL=IL=0 V. The bipolar fransistor (PNP type in the exampis
described here) is then OFF and all the hoies are likely {0 be evacuaied via
at negative bit line,

10 In order to simply overcome these disturbance phenomena, 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.



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 aperation. 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 qljaaes 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 circuits,;is ﬁrenrglified In g(z];lr(t;ic#llar the cir uitré ner?ded to generate high voltages (2.5 VDD

for the conventional Memo ycgglflj,rno a yo?oar %H%és\ﬁ 1 nlpo%g?étion) is not necessary.

Moreover, by reducing tRé@idiaadRl deni@geisenhaving mepyree PR IsiRbid e mistuitrrtce of the

neighbouring cells is alsgaKQigfttcted ThH BRI HERANSRIRG ialbrasnerieduda tirsbit 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 ™ the example in question (with WL=SL=IL=0V). These relatively low
voltages are not likely toaBGgjedierateisignifieantiidingrbainzed 2 thargeAnttidher Baritw potontially

generated via the word lingWVkein ANRITE A Wie:gnssaian ora Rejobesrragalboptgesponds to

respective voltages of VDD on the word line WL and o DD on the injection line IL (and with
BL=SL=0V). An injectioAbPEHIF MRERL AR BIRSAMIdFe RPN 8) SRR SthE Titting body via
the bipolar transistor is thethéiKiebtitgy bodunf the IFET WARSBERQ write operation on a neighbouring cell,

WL is at VDD whilg, Bl Sh=lh=f.Y TS biRalpt AnsiStardRMBAYRS e espmpls,gescribed here) is

then OFF and all the holes are likely to be evacuated via at ne(rz_latlve bit line. 10In order to simply
overcome these ﬁﬁ%ﬁﬁé@@ﬁ@nb‘?ﬁ@ﬁé‘?tﬁ%&ﬁéoume of the FET transistor serving as the

base for the bipolar transistor, and wherein the injection line runs below the

surface of the substrate.

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.



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 out 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 that all the 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 logref, 20 il pae nen HeRteoR iamANeJUsaoIg atdhednpgon s not

limited to a memory cell according to its'first aspect, but also extends to a memory array comprising a
plurality of memoRPeedidcRESItMeNth ArdrarehadpRad BeAE ifﬁ%?ﬂi@ﬁaaﬂﬁpta%%gfﬁdapof controlling
such a memory cedgichbaad AlMScrlihemitsy iséitqanatdcedrenda ssdpstrate, comprising: a horizontal
FET transistor having a source connected to a source line, a drain connected to a bit line and a
floating body between the source and the drain, an injector that can be controlled to inject a charge

into the floating bddyMsmiRE Eeiaseaidigde, Hrimrie BrhEbr R BAKCET LHRLPAIPERLTSBE having an

emitter connectechi@deiniemion lheica haseardacolaetpr farswred byths-flegidacbady of the FET

transistor, wherein the emitter of the bipolar tran§ist(9ri arramgﬁd SQ that the emitter/source assembly
8?[’{%5 SNain e atit

forms a vertical stsé)élz??ﬁ'éasaoﬁor%%e E]:sls:ﬂg?rgﬁ5|st0|9§igr?}fﬁg as the base far the bipolar transistor,

and wherein the injection line runs below the surface of the substrate. 2. Memory cell according to
Claim 1, in which ghengsmiiorcisi integiniettdrTthim SQUNGRhicR théainiti e hasesud Rgolo thdaim 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 comprlssc,%'gcg'strongly doped central region and a lightly doped peripheral region :
surrounding the central region, and in which the emitter is arranged within the peripheral region of the

source under the genyiahspgiN atdbriRgUECEIaim Mlamenteelaseaieing dpdalpimmidn which the
emitter is arranged in-a tog ire%ion of the gource. . )
‘ buried insulating layer and is linked to the source via a connecting 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.



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 tgp 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 accordinag to Claim 1, in which the
emitter is arrange%bM%W@@%P@@?pﬁ?'ﬂﬁe%ﬂia@élPglghe MG CRIRE S OBRICRh & emitter is
arranged below a Gaiedtitsdating layer and is linked to the source via a connecting 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 gate electrode recessed in the floating body and insulated from the
latter by a dielectr@14EPoNy FrirRcHEaIIucEulig1Be5TR BrERIFR Ieds 1t uristitdhthe emitter
composes a dopesbsemigorttictiemmatetialioiconductivity hepositedathet ofditerstusde. 12. Memory
cell according 10 Qae.gl AR bRl PIARuSRRION B BRIUAANS OB glonPMBRyate. 13
Memory cell according to one of Claims 1 to 11, in which the FET transistor is formed in"a well
produced in the toi*H&R'SPS bulk substrate. 18 14. Memory array comprising a plurality of memory
cells according to any one of Claims 1 to 13. 15. Memory array according to claim 14, wherein the

source line is coupled; Qe SOUSGE G AC ORI YL AP AS AHMBNAT 42 Y, the injection

line is parallel to the source line and coupled to the emitter of each memory cell along said column.
16. Method of cortfesiIfy #AerAdiREER AQRSTaliY {8 aMBRaBINeIilRed 1 Batha iR B#ating a WRITE
1 operation for pregitamnsiig alagiticd Statee gaterninad WHIR tvaitager S ajoptigel kssiheagase of the FET

nansistor, a voliaqg s 118 saahlo e oMk uiile ¥alig0R 13 ARAEF e gl of the FET

transistor and a positive voltage is applied to itter of the bipolar transistor.
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.



17. Method according to Claim 16, 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. 19 DRAM
MEMORY CELL HAVING A VERTICAL BIPOLAR INJECTOR ABSTRACT. According to a first
aspect, the invention relates to a memory cell comprising: an FET transistor having a source (S), a
drain (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 FE¥ 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 characterized in that the emitter of the bipolar transistor is arranged so that the source of the
FET transistor serves as the base for the bipolar transistor. ~ The invention also extends to a memory

array comprising a priaiity sty ells-psasrdingve the dirst aspestof theyivenfion, and to a
method of controlling such a memory cell. FIGURE 2a

ABSTRACT

Agcording to a first aspect, the invention relates to a memory cell
comprising: ' f

- an FET transistor having a source (S), a drain (D) and & floating body
(FB) between the source and the drain,

- an injector that can be controlled to inject a charge inio the floating
body of the FET transistor, the injector consisting of & bipoiar transistor
having an emitier, 2 base and a coliector formed by the body of the
FET transisior,

the cell being characterized in that the emitter of the bipolar transistor is
arranged so that the source of the FET transistor serves as the base for the
bipoilar transistor. |
The invention also extends to @ 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.

FIGURE 28



