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1 DRAM MEMORY CELL HAVI NG A VERTI CAL Bl POLAR | NDJECTOR

FI ELD OF THE | NVENTI ON The field of the

invention is that of sem conductor devices, and nore

particularly that of nmenory devices conprising a

plurality of nmenory cells. The invention relates nore

particularly to a nenory cell forned by a 5field

effect transistor FET with tll oati ng body, and a

menory arjray conprising a plurality of nenory cells

of this type. BACKGROUND OF THE | NVENTI ON

Fi gpream MEBORYACET 0584 BING AWERTICALCBIPGIAR NSECTOR

floating body DRAM 10 (dynam ¢ random access nenory)

menory cell. The conventional floating body DRAM

cell _js_f ' i.] i con-oninsul ator (SOD

subs ok Qh athinfilmof silicon 3

Isepa‘lﬂaé digidf oothet inflebmeissﬁﬂgstglf atmicondycir kigviced, axd deore
ayer (B . Afloatin ody. 4, a source region

aRYChiay dhoh o Iy GrekicBS oMb e PRETRRSHMPTIoR 3516n

top Phe tiRntid® rBReL mofe Gakirutirs! ©CA Thémbay sl ToraRd By a
ate electrode 8 are sequentiall'y deposited gn top of’

gﬁ‘é gfieshirangsion & TavitTReatindabedys 8gf gnmemosy egansetbdsing

.E%nﬁaﬁkgtngéﬁzorglfeg%gﬁﬁ%g_e region 5 i s connected to

a sou t ate electrode 8 is
connected to a word line W. The fl oati ng body
is eéﬁ k&i IIYOiF %Nthe BOX, the gate

di eletg-rt%—aye;ﬂt@@tme region and the drain

r egi BigureBé cshowe @trassisections of at cawentidre! flloating bodp GIRAM
gnstioltedan el ectrical ihar € ¢ In a data wite
BPEYT VPR 8¢fER= S TPRR, 7Y SEle f1oating body
usesTi doRp@ttioniab fibZiid Godp ITERANEDSINid forfdedr B a silicon-on-
charges,.. _which nodifies the _hrgqs’lr}glriivolta e of the
teRIReTSBEH) sybirateispraPTing adpBUnibsicPRe sgharatpe yFoBy the
bh&s sibdieid 14y 4 beyddoxiBe inRe (BORE 2SRULEEN@BEdY s source
drain of the transistor thus depends on the quanilty
Bf0iRTh &r g aseigiredeginn tthard farmedny Hedipin fiim 3 pp epderthe
%%)Pf. ab &teté’iel%%frfco[dg«bf?‘?' ﬁ&gp\ L %¥e%£rk€¥§iét§ RO LAy
: rcalleée Wte , a

operatidn herel nat

' depatied ednytohi ajihe Gbstigebodyf 4 AT el ki région Bes coheected to a

BRI B PR RSBt BRRART AR o B g oate

blaeirbiid 8lid BenBlctePrRSd dosd iliewiiact that this high
voltage is likely to damage t t..can al

o TR Teatimagh e EprTsEIn msuied By the BOX. e Sait ielectric
layer, the source region and the drain region. Because of this insulation, the
floating body can store an electrical charge.

in a data write operation in such a transistor, the floating body uses an
impact ionization phenomenon to store charges, which modifies the threshold
voltage of the transistor. In a data read operation, the guantity of the current
flowing between the source and the drain of the fransistor thus depends on
the guantity of charges stored in the floating body.

in order to be able to perform a logic 1 state write operation (operation
hereinafter called “write 17}, a relatively high voltage, of around 2.5 times the
nominal power supply voitage VDD that has to be applied o the gate
electrode, 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
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2 menory cells. The generation of this high voltage.

al so requi-res dedicated circuitry inplenenting charge
punps. One techni que for reducing the surface

area occupi ed by such a floating body DRAM nenory

cell is described in the docunent US 2004/0108532.

Thi s docunent proposes creating a nenory cell by
associating a floating body korizontal FET transistor
and a horizontal bipolar transistor suitable for

i njecting charges into the floating body. The | ow
SHRMAES SARAThEYgeteratit bt aad ingh Debyd Sisbéguires dedicated
increaSed. The horizontal bipolar transistor is nore
spiseqitry faplelneaiipg fi@@eln sl |y to 10 the FET

transpst.o ' t i r i i gy I 1O 4
the bons! eieliel RE, SRSt RiMRY 28p Map byptuen
cfogting | body OFPUEI treemoryt heell atst edigsarihed base thef  dheument

WS i Filsel; FEPaRts (7B, P "Cen by

f hesddiatingb® dyatray bodehdhizbntal BT ghnsistot AW tahharizohtad ibipotar
arrangenment, the surface area, of .the nenor Il is ‘
" HASS " Sb S RGNS ShLBes et (RAO oty e Iow storage
aALhBAGE B Mo fidAMgBdtiSthianfcidgedase consume surface
area soO that an evenhgreater reduction of the nmenor

A > ] . y
cel | 30 hadeoninldipelanmmaisianisgpprecinarifically ararged latsrally to
skid | [ : j | <h :
) Eﬂeé i tgbcr{ﬁtl:?%rgw[tht i) ee‘?rﬁﬁ?v (Eﬁvﬁxg”%@ofn}’ec‘&ﬁ'z of bipolar

I's difficult to 20 "acclrately
c transistor tformacbin dyesistiate wiliba tooatectyély \apRgsits th e latter,

f he bi.polar. L& i - wSinG i.nj.ec j
e Boge OrRer B BE kSRR bl BuhRf oS bty ant the
t Bellgogsrulbt the Wipolas kirafsiglors tsertham cas floetivg drodyhissethe FET
nei ghbouring cells. It will therefore be
utigE?'€%0d t hat the menory cell according to the

25docyuimnbuddS aR08HARJEIRER2 the diRfackOdrakl of the memory cell is
satisfactory, and that there is still a need to

r E3Alppdt incapmoyiENRipl | YHEd HaMENBRCRstisarAROYReR; thg emitter
Eghgﬁh@g%bgﬂgl% el IVENHANN even greated RRIRLESR of the

the Invention is to propose an I nproved _msnprtg
c aldmaryaell 30tfase areageowins i pbigctivaatodhosaekilied i thadrt.

the i jon C i i, spnegt-

" BEGEEFT 5 BEER, A°RAFRY JuRab gl 158% 8w
savsratehacshitad! thanotayef diabe isagsivatdyscbdhgwee batb dor the bipolar
sour ce ang,the i i nj ector that

C

drai.n an can be .
APFBIorednes MG S8eCar Ehalg qu?po?*e?{sdf?%%ﬁﬁg@o adjacent
batn@ ehe thEfedu1tn sl rikast didtD®anbl € béNectaRsss héifBbouring
of a bipolar transistor
cells.
It will therefore be understood that the memory cell according to the
document US 2004/0108532 is not {otally satisfactory, and that there is still a

need to remedy the abovementioned drawbacks in the prior art.

BRIEF DESCRIPTION OF THE INVENTION
Thie aim of the invention is to propose an improved memory cell that

has a reduced surface area. To this end, the inveniion proposes, according

to a first aspect, 2 memory cell comprising:
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5having an emtter, a base and a collector forned by
the floating body of the FET transistor, the cel
bei ng characterized in that the enmtter of the

bi pol ar transistor is arranged so that the source of
the FET transistor serves as the base for the bipolar
transistor. 10Sone preferred, but nonlimting,
aspects of this nenmory cell are as follows: the FET
transistor is horizontal and the emtter is arranged

so that the emtter/source assenbly forns a vertical

st ack; A FET transistol RBvifFal dRircd, S G@INESd 8diokfin@Body between
injection line that runs bel ow the surface 15of the

cel | ; the source and e &A@ ter is integrated in the

SOUrLey,, dnigctor that éeiﬁebg "q%ﬁ]{rglred o ﬂﬂé&@%ﬂaﬂg@ it B! #SBting

regi on o
str pngbgd;d@frtbd F(Eérnm'a;rwlstoegna)mjm ca)nblsghg bj/a dgméat transistor

perlpheral on surrounding the central on, .Ih

b ¢ oivdeg AG Ss0eF ahBate and i oTBRET drrtshil e aagid ooy
of theoﬁﬁgrpga'ﬂpl@,@kﬁgtot he central region of the source;

the emtter is arranged in a top region of

t he
sHer gell being chargstesigad de teahfla sEdtiel of Higt Pipolgs Jeansistor is
t -QF}aﬁgsgdng tdna sShFRNeH t}ﬁeq@leﬁaﬁﬁéﬂop%ﬁ/%g'e%ﬁhe base for the

arranged bel ow the top region, the emtter being
| hipotprdtesdiskBi n the top region; the bottom region of

| ayer SHng pietorfas, o RUEHY, st Er S A EhbRTcal are o
vfcﬂioa:sconnectl ng passage extendl ng through the

;23:“0 I&%Tj tans&stor IS r?or?zrgn%atl %rnd tﬁe aernql elg IS arrange}yscﬂﬁat the

emltter/source assembly forms a vertical stack;

— the emitter is connected to an injection line that runs below the surface

of the cell;

— 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 top 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 emitier is arranged below the source;
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4 the emtter is arranged bel ow a buried insulating

| ayer and is linked to the source via a connecting
passage extending through the insulating |ayer;

the ‘FET transi stor also conprises a gate el ectrode
recessed in the 5floating body and insulated fromthe
|atter by a dielectric layer; the emtter conprises

a doped sem conductive materidal of conductivity

opposite to that of the source; the cell is produced

on a sem conductor-on-insul ator substrate;

the. Fhfle Ihdflsd 8t@fangealRdP e buticd WelihtiRg RAME BHdiidlinked to
the top part of a bulk 10substrate. According to
anothfe sobksgevia, a tepaneaiEh PREYEgEe exteadindo thioygimig Insulating
cel |,\,gpnprising: - A FET transistor having a source,

a drarn and a floati ng body between the source and

t he—drthe rFETL Branaistornalsc tammprisat & gatd eleptnotie akebeskedoin the

inject._a charge into, t floating. body .of, the FET

t  aSRURGhOm Y oy Blacdrom SRE 12T RY S3HeSCtg Sk

tr ansiths @mifl@VediBpifseTibp&d semiddRaBei0matesial besdriuctivity
formed by the floating body of the FET transistor,

t heopeositereithgf aftiae s@wreei zed in that the emitter is
conne | 0l ' ' hat. he

ur T adhS Sph (2BalH A B Lt dtErdamt inbilBior S
aspectthe HET travvistdl Brformedditres well prodesdriy the tapypart of a bulk
conpri Si ng a plurality of menory cells according to

t heSEP#& € aspect of the invention. The nenory array

can nALAEHNGCRITBhOGRr AsPEEY GRe lihidhtion URlAes te & Arerdry cell
source of each nenory cell along a colum of the

acPBpriaing: an injection line parallel to the source
S -CRURLE ook SR S0k £l IRBIIR) bl OBbucen
i nvent thensaueteased thieodraimet hod of programing a
Egc}) rﬁéag%}‘lect%(r)t aﬁtl gelmnge acotr]lg%hezdo rtg ?AjecEtEér c gragrésfn c§ He floating
body of the FET transistor, the injector consisting of a bipolar transistor
having an emitter, a base and a collecior formed by the floating body
of the FET transistor,
the cell being characterized in that the emitter is connected to an injection
line that runs below the surface of the cell.

According to another aspect, the invention relates to a memory 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, the invention relates to a method of
programming a memory cell comprising a horizontai FET transistor having a
floating body, and an injector that can be controlled to inject a charge into the

floating body of the FET transistor, characterized in that a logic 1 state is
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30fl oati ng body, and an injector that can be

controlled to inject a charge into the floating body

of the FET transistor, characterized in that a logic
1 state is 5 programed by applying a nomnal wite
voltage to the gate of the FET transistor, by
applying a voltage less than or equal to the nom na
wite voltage to the drain ofs the FET transistor and
by applying a positive voltage to the injector. 5In a
cell read operation it is also possible to apply a

fb?&ngriamﬂwéaf bl b phaRg RRhoind ewite! V@gRet © ieegsit 6f afe FET
ET transistor. BRI EF DESCRI PTI ON OF THE DRAW NG

atrﬁeslsﬁgpbm@phanw yatagaivess Hipss cbraufl i thes @gminal write
I Pl

¢ R PP dhain of e 5 P HEnERIE PR by BPo5fe\BRge o

eﬁtmm;amn S of the latter, given by way of

gggglnﬁqet 'Q ﬁngperﬁ? ndl ml]t %Is,rgeégssiﬁ]?[f‘:“to;%)prptleyggyfraction of the

rmbtmmemt@wewagamltye gaipsfthe MES teargigtyent i onal
floating body DRAM cel | ; 15- Figure 2a represents a
cross-sectional view of a nmenory cell according to

one ppREMHESERIFION®H TI9f DRAVING st aspect  of the

i nvenilon, Figure, 2b represents a ible t
of 5 AR SRy Sl 1 AQvAdRges Beles Petoe! gayegtion wi
2®ecome more apPhiint Srod® réﬁ@ih?slﬁﬁtﬁ)llé\wﬁigr@étbﬂecﬂldégd&rﬁﬂbn of
equi val ent to the nenor of 20Fi gure 2a ;

FPgfeeed smbegineariaos the l\étieeugb\m hway pﬁm"naﬁraﬂ;%ﬁrn@le and
t %ltfnngfe'r 'tﬂé‘ agpeﬁdé@&%Wnﬁlhlwmaﬁ .ng a partially

stor on
sent cBigdoztr abeadwsm&ﬁmadsptwtwatye,represents a conventional

o TR BARCESs " nemory “cel | using an FET

t r ansFRiues 2aneprebihts =6 olastsatibonal 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 employing
memory cells of Figure 2a ;
- 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—insuIator 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 represents another possible embodiment of a memory celi
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;
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Fi gure 3c represents anot her possible enbodi nent of a
menory cell according to the invention in which the
injection line is buried below the insulating |ayer;
Figure 3d represents anot her possible enbodi nent of a
menory cell 30according to the invention in which the
source line is buried belowthe insulating |ayer; 6
Figure 3e represents a possilsl e topol ogy of a nenory
array enploying nenory cells of Figure 3d;

Figures 4a and 4b respectively represent, on the

basi sFRliregyiryHe88hisE posbitiic WFUGANES a Aerfd§! atdyodmploying
for progrann1ng a logic O state in a 5conventiona
DRAMegiTY caleiof nigkreDiBM cel | according to the

| IVETEIGBRes 48 ﬁﬁ_réé?@ewe@bre@?e%%%%rvw ba8R! &S&divalent
on the“basi s of equivalent circuit diagranms, an

opeciattiito didgnampr @gr apeiatign afor opflogrammingt @ lagia 0 state in a

convent i anal cell and d , ceardi ng. . .
¢ o paiannta, SAM &l andifs i Raf B AG-ERIbg RERRTNGI 0y
r epr eBigotes 68 driiesbasspeativelyorapredeantorlffed basistof equivalent

di agr ans, . an ogerati on to read the | o%iﬁz si%te 1st<grted.

by Srelth FAKIBRa ANDRARIATAN TOAnRFOBiATAMERAR (s T state in a
accesilidhfiohs BRAM dBISIHd iR% DREMIGSIESccOpding tb the invention;
respectively represent, on the basis of equival ent

ci r cuFigumRsale s BRrresprativelyoiepresanbl @n tire bpeigi @f equivalent

st - i onal - '
sta %ugt{ l‘?ﬂﬁah@, aargocéﬁée‘?ﬁdrpﬁé ré?a'a_A%é:le)gi_caE%é% {bet@%ed by a

DRA cordin e invention; _ _ .
r epcesantionalDRAbY caliowsl iy @ DRAMIcel pcodrdmgrte e invention;

array._enpl oyin ry._cell in . .
enE RO e 26 Eeeivel, BRFGEN i I ARl g eouivalent
Ref eircmimgjli?@aﬁisgtme a%graaomrmsslomecmée olvalc %aﬁg_ efored in a
nmenory ce ccor di t referred e i.ment.

of  prvaripaal GRABESIANd e SrBakEsidotng i Beafvation
This £Rute WP TBHIcEBAtsABNGIREr (HGRBHIC tOF0IBEY IdT0a ameMehE &array
S, adrain D and a floating body FB between the
sourEwlaying meemady aeks acoeadiag to Hjedeyatiophat can be

controlled to inject a charge into the floating body

FB of the FET transi stor.
DETAILED DESCRIPTION OF THE INVENTION

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

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 fioating 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 & semiconductor-on-
insulator SeOl substrate, preferentially a silicon-on-insutator SO! 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.

Thé source S can thus be shared between two adjacent fnemory cells
(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
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25The nenory cell is, in this case, produced on a
sem conductor-on- insulator SeOl substrate,
preferentially a silicon-on-insulator SO substrate.
The drain D and the source S are preferentially in
contact with the buried oxide | ayer BOX so that the
FET transistor is fully depleted. The source S can

t hus be shared between two adjacent nenory cells
30(along a line of a menory array extending in the
pl ane of Figure 2a; the columms of the nenory array

eﬁgfﬂ?é“m RRIcAe8kbrfig Adiest @ pdieibid aperedlice Ah&l difRe area
Such sharing makes it possible to reduce the

sopclau@d by eanemenpilld by a nenmory cell . As can

be se | | t
rowevar S B 25 Fo R, P and 1%, WY et i nBenowever,
alimitedxo arfdiy teplatademempryc ogll, o aBoagxterdd tp ajemrmred:ell on

gl o e Spe Hlpasdy T i B BERHR & = buik

Fisgwtme@agammb and in a rmnner convent i onal | y

known per se, 'IL*fS necessa g ol ate the ce
Al ong™hg s o HaURSaR Ik Aay A1l B AdPoRePTcrenEationally
t RRowh R isBOit ROA¥cshRL o lsé%'té‘ tHeilaf6n®h IneWirtRe FRemory

this is conventionally done by lateral isolating

t PEAY feerdes tq eleats Wedlpating Pray eFaft ow trench

i sol aj fi : ;
surf acdeﬁ)]%f C%E%eéfgﬁ)@ét ?%éféhit‘%gé t% Eﬂbég%gﬂgw t]W]e? ﬁy tlitgmé gi?:gatmg
ofreRtiys & Blifacadniisgi & dbeavemalionn atran;zh d im@tiby Bai deghnigue)

SRR RS TRel PR Py SRS B R 0

FTEFTDf W el daserofaigerel 3b1,5h|pr|@d:oneehtlonalim dote@ py patetal tdolating
the bul k substrate del

t
engias 17 i dpRhuia PG, S REe e ey 2nd by
V\@diatrhf’é thbhﬁeﬁ]@ﬂﬁlééll ity lat WelPH 5Whoglcéd irl BRNdpCgart ©of the bulk
0

the channel, which nmakes it possible to
i subsiraieandidadmiteHdysiedtanshes Hh&hadiaT E%SI%P%@ ghuated in

aﬁﬁég&ﬁgogguﬁw Y 1 51 Qhé’EOIHE!ﬂ.%tI%H{)é]t WRkR |§‘ﬁ‘éhﬂ(§ai that of the

opposI conduct i urning t
delaamme;jt which mtﬂal@sgtm@SQde ta Iseldinjtdonothectibsirgies Toe well can

CSRRL BB ABELAE 7 M 1300 Th LSyt RS fbefostc
t CaNGuEivIY ..

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
fioating body FB of the FET transistor.

In the context of the invention, the emitter 15 of the bipolar transistor is
‘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 controliing the
voltage of the substrate serving as the base for the bipolar transistor of the
memory cell presented in the document US 2004/0108532.
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In the context of the invention, the emtter 15 of
the bipolar transistor is 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 thke substrate serving as

t he base for the bipolar transistor of the nenory
cell presented in the docunent US 2004/0108532. 8

The ':Eﬂ'et#@f‘ft}a%%%&oﬂ % 8 RGiZopedl Rhndidinahd e emfel N the
emtter of the bipolar transistor is nore

s pipolaiteanisisjorde rmapigespecifivaly arreged iadng Be sewrcepf the FET

N B e T
em t t br a ipsefevad eottedirmentatha eq’rﬁtﬂrusmomnermmcﬁtct dainjeciios line

B0 B80! B Bl Rl oy PEAER B gnoumin

bg@@é@a@@an& stor can notably be integrated |n the
source of the FET transistor. Accordi n? to, a

vari ahte Em&i et thedypelak HapsSion cay gorabinhe "i'tﬁgrated in the
eEblc" off é SFE! fAMGEBE MRcbiafhcS " £ irdtl véhaht) efnbbRliment
bottomregion thereof. According to a second vari ant
efﬁmaWi’éml in EigHessmtthe emitte Huisdntsaratechiv thaispige 2522 in a
e d e 3 2 t gi
¢ Relidhy %oabR° hlebl” ARM AR ]y 27 shPory PlidrY cPbodiment
coarpremntem&l FiguoBghrihs emifier 36 isamegratéchiovihe peurcea3fg 32 in a
%(% ﬁ Feg central region 21 (for exanple N+) 15
I9REIS doped peripheral region 22 (for exanpl e

I\F) SRéfe@rWItﬁgFfé;}ﬂ@e CENt ) soafieO@onvéitionain c@mmieee in a
of the strongl oped central region 21 is to ensu

t R@nBehkagwn wef ﬁemétreaa'wc@nqdneﬂ il e 2 Héon Www N+)
daped, n@ﬁtlypaeﬁéﬂ pbﬁghéraz iRzl bfoﬁ@fﬁrﬁbl@qﬁ-qssdrﬂﬂwﬁmg the
operation’of the FET transistor. it

| cghtfalye@lcpewe Bgiropupsaef e $t§)nsn§e@pnaﬁi qerséraé m@ym s to
0 [ . baseaf

OhobJE 1hEYSHEPUing B0 FR2ST i e ML) B5pea perphera
emdiore22 biainlg cnntrmmmmstbea:s)eraﬁdmeafﬂm FEiTdresigied. dhwus, it is

L R0 P D 22 i P b o Rl 88 oo s
afé bl fot 81 Bipolar tragsibiopat i ng body FB by the

perlpheral 22 of the source. The e ié) er is, inthis
case, iN heapgrpexsisof Wﬁé@?‘%’ﬂte@q ﬁ*"%"ﬂ% Lﬁ@é’aage%t%?feto be

EB%&‘%J B@Ioﬁfet'ﬂl'er@éntl%l ré@gn e bﬂoﬂl@rﬂiur@@ WQ'H&“\% 1n contact

er eof case of a menory c mad

f withyhe epmpheéd regmm azse@helsguw@ sl lsolami fmm |ﬂk%ﬂ@¢ié"9 body
case I Iy e 0
(E?g@?féh‘% g?ﬁ%‘i?érél ?rg rr‘%frtﬁgggqtﬁé%ﬁﬁﬁb% I @l@grb@t ﬂ'l ﬂ"ii?%&]?& tBtaHy
( Eit@:a@diib)the tsherddCXe8oda bhbvaert thei centrbhl & amldeaer[pherai 22
emtter fromthe floating body. 9 It will be
nfﬁgéﬂ’sttﬁﬁf %he drain D can al so have a strongly doped
centrigl thee@a88 & d Nremont kel exadp! ) ﬁﬂﬂyddapllet@htSepl (see
doped peri pher al ion 12 (N- in th dang g

shilausRiAal: ,e@dtq{gikgéhgﬁ;geercg@ gigmory cell mace of partially depleted

SeOQl (Figure 3a) or a memory cell on bulk substrate (Figure 3b), the BOX
can help to insulate the emitter 15 from the floating body.
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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 nenory array, comng into
contact with the drain of each of the nenory cells
arranged along this |ine. As can be seen in
Figure 2b, the source Sis connected to a source line
SL. This source line SL typically extends
perpendicularly to the bit line BL, 10 comng into
contact with the source (typically the strongly doped

regi of i bbr}ﬁ)té@ﬂ{sﬁ%e Qfaif I Bat@faistoh%mwngl?'doﬁed central
arranged al on% a colum of the nenory

trﬁgl@raéé (b iritipi peample) and @l@htwélp%lmeeahqerahgeggw W (N-in
)égl%@{a a@@d%{h@t@%ap% ‘the surface of the

reover e case of Figures 2a
and 2 amariec tkrbive meo@oneélymﬁedtr@edmeﬁ is vipked to a bit

ST SR e PR A WS ERD 4o
Theo entdce withSthie sdrhinnéfegadroofithel micewtry @slid amandgéd along this

whi ch extends parallel to the source line SL so as to
adlB®ess the menory cells arranged along a 20 col um

of t h@sMRaRMYsn iAY¥igure 2b, ke ¥burte B8s %ﬁﬁéc&é@%jafsfogme line
the foregoing that, in the case of Fi

th
i ﬁLec'ﬁhnSanurpﬁ dinp(Sk éymcpallar@@@nctﬁep%weﬂa@ulgam e dhe .bﬁte'me BL,
Slcomﬂﬁm’ﬁc??éﬂt&ct%ttﬂ ﬁ'essdu?%@(t?;ﬂﬁélbﬂt% %frbﬁ%lg%ﬁégtreglon of the

nasmuch as t tiron [
netuceh stieachanfths un¢raory callgi armngzs Rileng @ celymn of the memory
regrresents a topology of a nenory array according to
@nvention with the source Iine SL shared between
two am &@ﬁés@@flﬁgur@hi% ahd @tgaherdouice lidSLethenefore runs

BT belav e aEF o R REbRPRET. can (hus b

reduc RebréSverPRY &d BBEEIoF Agisi Pa tdhe 21856 WHIEH @hd source is
st andal one 30nenory is being devel oped. Wiile this

cehpredsbetween dwal adjagans &9Ys.t 2 PN Selrse B able €37 De used to
”%gﬁfésg%éééni%@%f'tﬁevﬁ&o Rk argkaﬁsbances remains | ow

n- an case less t the | evel of
di st ufrbamattem@umhm«eeidovan mjemimélneulbrvducment@nsis parallet to

th
T oo, g o g 6 16 PRl FEDRRHRSY (RIR afrar@et Hlang @
(E@Eﬂlﬁ@ftﬁé@ﬁ%rd@rysmfayers to avoi d crgs; e?ﬁl tation 5
enonena), the sur occu e .
P ootk afessiBhy aiom Hhe SvasonBaie:. & Meiase ot Biogre 22
t 'ﬂ?e Wéi%nchﬁelﬁ zézgrré@gt;écﬁbagwl heldo@rceaid SV.ethe Hsult of this is

does, ~however, he benefit of being totally
| ﬁg:@mgcpqlar\j},ecqrbpaqﬁ@rmﬁgpmeggﬁ@@much as the injection line’lL does not

consume any surface region.

Figure 2b represents a topology of a memory array according to the
invention with the source line SL shared between two adjaceni cells. This
arrangement is thus even more compact.

Based on the topology of Figure 2b, the surface area of the memory celi
can thus be reduced to approximately 4 F? in the case where a standalone
memory is being developed. While this cell is not totally insensitive to

disturbances, nevertheless the level of disturbances remains low and in any
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Anot her . possi bl e topol ogy, | ess conpact but ‘totally
insensitive to 10 disturbances, is representedfin ,
Figure 8. In this topology, the word |ine W controts -
two adj acent physical rows which share a conmon’

source line SL. This particul ar arrangenment

el i m nates nost of the sources of nutual di sturbances
since the cells situated on tthis double word line W

are all used and it can be legitimately assuned that

the wite circuits are nore powerful 15 than the
diaddinbaNaRsn the Ihel drhaistuitabe BRBodMmeregeMith conventional
situated one on top of the other nust, inperatively,
beeseniieeti®ed to two different bit fines BL1, BL2,

ot her [ i

05 i 88, 0t AEIRLLS A oHEEOF: i RAuiEA or
sgré@mefoattmtrarﬁs:t;hes ¢reddd toi prowidetspansts theavidlerosarexgitation
to, | eave t of _net al

VAP EIERA) ot P afth, Braty@h B0LI1R, RARSRRES iF\areater. A
f ﬁtensdrarvéalgmﬁacﬁw loe$he btdersnf 16nF2 imet&th@ tHemmbh:eved It

perfectl iti c of dded nenpories
et REYSE OB Pikc el O TS CBIY; SePali © the
4RiAGBaRcds As is represented in Figure 2a, the

FET transistor also has a gate el ectrode positioned
aboveAnpiber | passiblyy BBEPIY ofessh €oBpech duit o&qlﬁe ingeRpitiye to
2 a f t f

El ﬂfrﬁ dces: Fédrégtéﬁ’éltﬂég% Fi eérj?rr] Ct;llt g%ﬂ%&??ﬁﬁtﬂg v@é/rd%ne WL
vvoontrd:ls MO\dﬂJattent phyg«paalo"awamh ehdee aloonygnen @@Ur@ﬁﬁlne SL.

&B@d,p o?léll'%lrég rgglathteggtméf%é @g%tn%él tﬁg??%ﬁ eslé Sof mutual

r am&gﬂbesrsméeetﬁel @Alsisitgaieddyn tixdddutteiivateing War eferalimsed

a dielectric |ayer cesse channel
A opayt s e Gnpialy Bas e dral e WS Shaatyar Mat powertul
lihan the didiGWaRces O it SthBERA, dh@ﬁﬁ@ﬂél%oéﬂu\é@écﬁ(ﬁﬂe bl@top of
the menory cell according to the first aspect

of
i thecptheomust, impaiativelyghe sonmemiedttortwag @tﬁ@teﬂf bit lineg ﬁU BLZ,
t o
| Diohedl RSt ERe RoB00hs 1DLROL BEoess. o
Asapreedirectsimpadi sautsesyrfadeeasaueictheotelt RigcpBETmMust be wide

tr ansi.s C e 0

e eleate e BRCH! FRApice Bhe ok, Wy the ater
Whblng i$ kenbedy ronibieseFior iteadi@t)sé onerlodies, vieSs,asn tthe other
coll ector for the bipolar tran or 1(8. L

RBPBAy PRIPALY 1RGITRE UL U1 FRRS PherheddeRimIRorss nagmuch as

epRoslirtRBlarch BetREdItiSardiind aFt4He@ et ed in the
source 31, 32 in a top region thereof. 10 In the

cont eAB ipfrepraseniast |'rhr‘t:ﬂ9ur?h@ sther EeT Sransigien slse hes a gate

?5'3 frbde g;%gfﬁgn%q%bﬁeg'tﬁé‘ dlgétlﬁ’d‘go S0 t?t%gét)ffa%%p(ﬁqhﬁ memory
t'om r egi on arrange eto regi on

emrtay;eanzﬂaﬁnmmmg frmttetgeaﬂczacﬁng rbadyeby @pdne@gtrmwlaagr The gate

¢ BSoEBAFECMAER o W ffi 18 v BBIR AR SR ofb & botumn

bt tredmemet) afrayng | ayer in the substrate for 15

exanple the BOX | ayer in e case of an 1 .
subst Aﬁ‘t‘é’d'ﬂﬂﬁP@@O%fﬁgﬁ”WﬁW@B‘i i r?ﬁ’@s%‘ﬁg ’3&9%9 glgcipde is
t P@ce%@é& FEthél fRaBn§ PBAS EhhtsRaE 8 Ags e Smant @ﬂ%lélﬁrtc iayer An
t hrough the insulating |ayer. The stron% ed
b&RGAohireesfised chanpe! ary tg@tﬁ*@@f)(tme HapHsigr isr tlf'néefmed
exanpl e concerned) is nore specifically arranged,

bel ow the insulating layer, 20 in a region 36 of the
substrate that has an opposite conductivity (P-

region in the exanple). In the context of this
variant, the source line SL is buried; it can notably

be buried directly below the insulating | ayer BOX as
represented in Figure 3d. The emitter 35 of the

bi pol ar transistor is finked to an injection line 25

IL which extends directly below the surface of the
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this. topol ogy, the source line SL extends 12
parallel to the-injection line IL along a colum of
the nmenory array, while being buried bel ow the
injection line, under the BOX layer. In this variant
enbodi nent, the injection lipe IL is sinpler to
access. Figure 3c represents another possible

enbodi nent, in which the vertical 5 stack of the

sour Cejqinél 2t 'i!se.a eitdit 8lagtaim @BLRbRALMe MérABE dtll dclSrding to
emtter 25 bel ow the source 21, 22. It will be noted

t e fitshpspeaipbiieiavention: irethifolgise the g Gansisiat — &t this case
F'rxg!-”h%s?tﬁ ‘f‘%irepeﬁééeg SRk UhE b ﬁ?%t £|r%hs%rf Oggkr?/ s 49BEBNP — has

region o € source sinpl

pitize taference 1Ot As preotibesly dissusate the scwree efrtrtet FRIrT frBnsistor 9

(P+) i r'ed under. t he atiLn

+ egtmcied I i line i, EFRs PE M ban e bppgidh fhnsistor

Cdndmﬁle\&héybc@l- of thet RETekamgidte) Jagudvess abithis embneotot tier the

per her al on 22 of the source via a connecting
r@ﬂ§5§%gg%dlng t hrough the insulating |ayer.

The SR@rérﬁnéll tBeF@hre,CQﬂ:\/%ﬁIstrﬁﬂﬁé | shofdretaifan "eRBbdRRNY, the
bel ow t he 5 surface of the substrate, while the

i ratien 2nisiintagrated Exthersesreandbr32ing tpyegigh dereof.
par al |rE hel@ntd)® of B G&ridrtMheour %%on‘rfphgeé QJlrﬁﬁfI)kIBB‘ped top

0€s not consune any sur ace a
r eegrorm Ioanthe d@smgty soped hufttorheegion sXit avangachbelow the top

t | f i all d '
oohE5h SR e AT PRSI E AT A RETIGRG T 19, 7 e
dogl tngst(répﬁe@b?{ﬁd iA H’ri_:turldcﬂﬁ nige boﬁomhe%rﬂiatfﬂtrd;]fahfe@butdeecan in
substrate in the es represented.in the fi
 RailsHEn e amRRSed PRIWY 2 B etIeRG IRy yBane BBy Eate. for
f |e9§ﬁr¥)l’é3th*éo§®)( iai/ér iWithe cBSe Whaarsdoos idshate, Wifle being linked

invention is not limted to an N FET transi stor, but
alte ghejere frition 32t pletheas@ireg vig p goENeEting BRSIGE 33 exiending

( MhbY ﬁﬂ{é ‘ﬂ?‘ﬁlbﬁﬁ%p‘g@y) 25By using the techniques

conve t| ona n CMOS technol ogy to produce
such ahdcqmongtyocﬂopddebsmmstregloe 3'hobtigesouroe iiNodiaping in the

SRS B 3 i O PO 8 G over
Firgs rré@roﬁ%ﬁ‘kif th& 8ubiraté ah&ithaanah @’ﬁac?éﬁe&iwvjud:ﬂwy P- region in
g1| val e t circuit 30 diagramof Figure 2a in order

ec%’FﬁiB‘P@ ‘the different programmng, read and hol d
oper arrr $RScdn®ixt df @RS VEAAMO IR sdREDIive Selis bafied;hecdry RStably

Ofbet bﬁtrred directly below the insulating layer BOX as represented in
Figure 3d. The emitter 35 of the bipolar transistor is linked to an injection line
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
rhe source and the emitter has the particutar consequence that the injection
line consumes no surface area.

Figure 3e represents a possible topology of a memory array employing

memory cells of Figure 3d. in this topology, the source line SL extends
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13 illustrated in Figure 1 (Figures 4a, 5a, 6a and

"7a) and for a nenory cell according to the invention

(Figures 4b, 5b, 6b and 7b). In these various
figures: Figures 4a and 4b illustrate the
WRI TE O operation for progranm ng the 5logic O state,

" Figures 5a and 5b illustrate the WRITE 1 operation

for progranmng the logic 1 state, Figures 6a and 6b
illustrate the READ operation for reading the logic
state, 10Figures 7a and 7b illustrate the HOLD

ORafaAk] &Nt njdichl e fLhBlchg % Gokindt ©f the meMi@ryt &b\ swhile
bel ow il lustrate exanples of voltages that have tqQ be

appingeburias palew ta Busctionning. tedebme SOK fysgeln thinyariant
S PG M LRSI ccell VL S VR TE 1

Figure 3c represents another possible embodiment, in which the vertical
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 this other embodiment, the emitter 25 (P+) is buried under
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 insulating
layer. 7

The source line SL conventionally extends immediately below the
surface of the substrate, while the injection line IL extends under the BOX
layer parallel 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
preferentially produced using a doped semiconduciive material. This is a
P-type doping (notably, a P+ doping) of the material of the substrate in the
examples represented in the ﬁgurés in which the FET transistor is of the
N type (P-type floating body). It will be understood that the invention is not
limited to an N FET transistor, but also extends to the case of a P FET
transistor (N-type floating body).

By 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
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
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- fllustrated 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
5 iogic 0 state,
— Figures 5a and 5b iliustrate the WRITE 1 operation for programming the
logic 1 state,
— Figures 6a and 6b illustrate the READ operation for reading the logic
state,
10 — Figures 7a and 7b illustrate the HOLD operation for holding the logic
state.
The tabies below illustrate examples of voltages that have to be applied

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

BL WL SL
JWRITE1 |[25VDD vDD ov
WRITEO {-0.25VDD |VDD ov
READ ¢.25vDD (VDD ov
HOLD oV ov oV
15 Table 1 — Memory cell of Figure 1
BL WL SL I
WRITE1 |0.75VvDD VDD oV 0.75VDD
WRITEQ |[-0.25VDD |VDD oV ov
READ 0.25vDbD |05VDD {0V oV
HOLD oV ov oV oV

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
~ fo a fraction of the nominal power supply voltage VDD, for example fo
20 0.5 VDD. This makes it possible to lower the overall consumption ievel of the

cell. Furthermore, inasmuch as this voltage is situated between the two
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VDD DV 0.75 VDD\ARITEO - 0.25 VDD VDD Dv DV READ
0.25 VvDD 0.5 VDD Dv DV HOLD Dv Dv Dv DV Table 2 -
Menory cel |l  according to the invention

14

threshold voltage levels (“0” and “17), the read selection leads to the
presence of a current for the lowest threshold voltage (in principle, “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
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.

Moreover, as aiready described in the introduction, a voltage of around
2.5 times the nominal write voltage VDD must be applied o the drain of the
conventional memory cell to carry out the WRITE 1 operatidn.

By using the injection of charge into the fioating 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 appilied to the
drain of a memory cell according to the invention is less than or equal to the
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 low
voltages applied to all the power supply lines 1 offers a number of
advantages.

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

Moreover, by reducing the voltage, damage to the memory cell is
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 exampie in

| guestion (with WL=8L=IL=0V). These relatively low volitages are not likely to

generate significant disturbances.
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It wll first of all be observed that the voltage
that has to be applied to the word line W. to carry
out the read operation READ is, noreover, |lowered to
a fraction of the nom nal power supply voltage VDD,
for exanple to 200.5 VDD. This nakes it possible to
| ower the overall consunption |evel of the cell
Furthernore, inasnmuch as thissvoltage is situated
betmeen the two 14 threshold voltage levels ("0" and
"1"), the read selection |eads to the presence of a

curr eptdidiQfoanhe do@avﬁﬁiyfgléheﬁ?éﬂ dia\pk tiade kWL in a WRITE 1
principle, "0" conventlogﬁ and the absence of

c irite APETatoR |98 @tnﬁ@hb@aa@g cethsomeENads e regiective voltages of
d%ﬁ%h%‘e WHP& ihb %L'aﬁﬁ%?‘?é SBSBH the I@ectﬁinrfﬁhleem (pnd with
conpar at or tha easier to design than
t IBé.FSLaﬁ\é) tAmn;aq:tmle of sharfednélbe ireife exapiple desyibeddere) info

RS i e iR Eap G RSIRt o iy B ofdlf, Vo
as al rreadWR(IiBEcU wrize dp@rétm omtar ndngbboummg aely,OMLaigeat VDD

of around_2.5 ti th . nhom nal a

mtelle CBCERGHP e Vo ise St farsitige. (COTEHYRT | BRapxample

”%B’Qér}be%qllére} R PRAIYFPWndtdieth¥iolds AreOR@Ntd B8 evacuated via
By using the injection of charge into the floating

betipe@stiverbl lingj ect or, the invention makes it possible
tolo T
operapFBmEP?o%ﬁhbsg eﬂ@&ﬂ@qﬂ %g?%gggﬁﬁigkgh§n¥ﬁ% Ec%ome
apph ibedn#de tcheotdeaiain oasavarbpmrrymg & theasicensedmglis given that

FINP NN NI AC I s e

i @dt G@tn@dNRﬂE’&b}b@aﬁo:@é)mneali the cdllseafongt Wihaty applying the
t he ramm ng operations are carr out with
vépp @gteayﬁ!q g oAl e Pﬂ%ewn@mgsbgg'r‘ﬁ Thiss Sqnditons the

Ofpfaﬁfth%nﬁ\grtbfrfhﬁrm@ﬁwoﬁﬁY@ﬁhﬁ%%ll tROEENS blokly Akl wordhihe WL to
power consunption is reduced and the design of the "

péelopadpahe samaimosd) witseuiphpwpeer, this PEAING Y AFOPIAMAEIven
ci it
{ SRR SREERRAHR, SRTEE L8 Brpchy 8} kEnamyisdiqy, YPbractice,
WHI fiE Wwompir widewnthe $nfaonatiec b satey is greater and ultimately the
Mor eover ¥I@ﬁ&“c'ng the vol tage, damage to the
n&RB?V“Q¥F1 25 avoi ded. Disturbance of the
nei ghhaull hag: beéh Smt:iSrwd)c&thramdhdéﬁ#egomg thé’ﬂ"nﬂhe mmntion is not
dlsturbance potentlal via t lin
| et cememand el pasRrding &y %ﬁa?wﬁw dlso eXns to 2
c ORHALsy t rBlity bf faeMBR) ¥R ZEcokiiingrto the first
-gﬁg@§®DD w%?¥én¥ﬁbaﬁ$$12 g |ngQEL in the eganp

i Bspedsf mmmmtm \mésmﬂm%ﬂm of TRRIERIIGEP AN @m%vn%\ﬁelf
voltages are not likely to 30generate significant
di sturbances. 15 A di sturbance potentially
generated via the word line W ina WRITE 1 wite
operation on a nei ghbouring cell corresponds to
respective voltages of VDD on the word Iine W. and of
0.75 VDD on the injection line IL (and with

BL=SL=0OV). An injection of charge (holes in the
exanpl e descri bed here) into
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likely to occur. In a WRITE O wite operation on

- a neighbouring cell, W. is at VDD while BL=SL=IL=0 V.

The bi pol ar transistor (PNP type in the exanple
descri bed here) is then OFF and all the holes are
likely to be evacuated via at negative bit line. 10In
order to sinply overcone thesge disturbance phenonena,
a choice can be made to not renmmin passive by witing
to the stressed cells given that they are | ocated on
the active word line W. (vigMm$S tantanount to
carrying out valid WRITE operations on all the cells
al ong W. by applying the appropriate voltages to al
the corresponding bit lines). This conditions the 15
rtitioni - nory (requires all the cells
aﬁonNEPﬁ£§§g¥§5T@ﬂ§”§i to belong to the sane word)
Wi t ho UA, hthMﬁﬂEFETttiﬁrs:sD@sﬁamgaayopmt(Be sognacted tchatsource

all the s SsS 5§ can use Lr y the

appl i c4t§ Eﬁﬁ rfjdr Bing )lc&%'”eP%dttﬂea g}é?ae ?M}’B‘grﬁ ﬁ?%'é'g body
i nf or neHE)pRPEdN ! SourSe Bh@Bcedraand Ul ti matel y the
consunption is |lower. 20It will have been under st ood

f r om-t & iMjesteyhaicarhbe aonbolied, éntie 9 shaige infondhectpating
to a ngowry tﬁ? IHETRESdbP dhd RiddiSr édn%f%hngﬁpﬁ% potzQLUcPanSIstor
al so exten 0 a nenory arra§ conprising a plurality

of nenbaawng:ahlanﬁiecmﬂi Ny 35 ctdmeet:ﬁedstt) axsipgantionfinghe base
i nventio

menor y? '&‘EPICOP Cf%r f@[rﬂgﬁ/%ng % Conlép qf th% F%ﬁ%sn%%or

Stheheell ZRiHA bhdratidrizaasihsthat i ehigeraofSthgr bipolaB)transistor is
connected to a source Ilneés : a drain

caHABERE Bor hah the (emitise/spw| mbly frms % 2’%88%‘) gy the
bebyeehherse Wa%gis?d}%érﬂﬁ? A5 #dbase B tHéWEbI?QITgQ frah&igfor.

can be controlled to inject a charge into
floating body of the FET transistor, the injector

cgns ' ' bel
o VB0 2 BB B chaine i) RN RAoRing g bl
a thmswfaoecdfdhe oldneary@ellf or med by the fl oating body of
the FET transistor, the cell being characterized in

that the emtter of the bipolar transistor is

apl aneesbry @ell ba&:o:ﬂhfg tenariyt &id sfoliaines aLs enbhigh fties smiteer (15,
vertical stack, the source of the FET transistor
sepyisrpegEte R HEOWESH- t he bi pol ar transi stor.

4. Memory cell according to Claim 3, in which the emitter (15) is arranged in

a bottom region of the source.

5. Memory cell according to Claim 4, in which the source comprises a
strongly doped central region (21) and a lightly doped peripheral region (22)
surrounding the ceniral region, and in which the emitter (15) is arranged
within the peripheral region of the source (22) under the central region (21) of

the source.

6. Memory cell according to Claim 3, in which the emitter (35) is arranged in

a top region of the source.
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15 2, Menory cell according to Claim1, in which the
injection line runs below the surface of the nenory
cell. 3. Menory cell according to any one of
Cainms 1-2, in which the emtter (15, 2035) is
integrated in the source. 4. Menory cell according
to daim3, in which the emtter (15) is arranged in
a bottomregi on of the source7 255. Menory cel
according to Claim4, in which the source conprises a
strongly doped central region (21) and a lightly
doped peripheral region (22) surrounding the centra

region, and in which the emtter (15) is arranged

wi’t hMenaors ol aceereing tordginy B, prwhisle thepsausee comprisasde fightly

t 1 0
\EBBE8 B HpoleOLSR, dne's Horbfin a8 EBodCteaih, (21 prancec

c@ﬂmw thedop rdag:glhtaryi ldmdwh thepemigigr tsriniegMatedutdtna top region.

strongly doped bottomregion (31) arranged bel ow t he

top region, and in which the emtter is integrated in

tdlae MHBn7 Gr@gﬁe&ﬁcc%rdmhg tob(SEa[n'VFFrTm Wh'mhltl(we muorf‘rﬂieg@rt @1) of the

aim I n [ the battomregign (3 the
SSaHEE b SRR GBI PUIPS TS P PR 8 aked to the
(BXregiofl 132) | dfnirRd sb@rckh@iat 8PcaR@EARy (p3dka dgé (88F extending

source via a connecting passage (33) ‘exten

t Hweugh thenesulating lvehg | ayer. 9. Menory cel |

according to any one of Clainms 1-2, in which the

emtter (25) is arranged bel ow t he source. 10.

MSmo Menearly Icelh acoordinggotamyCirei oh Gaimsn1-&hinckhich éhe emitter (25)

emititer arranged 15bel ow a buried insul ating

B A e dnd SO ot he source (21, 22) via

a connecting passage (23) extending t hrough the

insul ating | ayer ry cell .accor one

o DM ool @oferquq%.'adwn?wﬁ ioh 56, e g25h R enged

CORRM §Driad Gufatitly *éﬁ@@)()%rﬁﬁ@@ﬂké@ td e dduwpad (g 22) via
body and 20i nsul ated romthe latter by a dielectric

| ayeonnecting pagsase y2Deitendind Fpwgh the laﬂéafmg leyehins 1

to 11, in which the emtter conprises a doped

sem conductive material of conductivity opposite to

t HAt Mefmarhecalloacewdingsto ©8e Nbfﬁtarilyisc’éltb Hecor dihigy the FET

g@‘%{lg%ﬁ)ﬁﬁ% O%H}l?er%%pgfeg ?Ig P&‘t eBsed in the ﬂ%ii.ng body and

Matslated @b thedattatibyt dielaatric IafrerCl aime 1 to 12, in
whi ch the FET 30transistor is fornmed in a well
produced in the top part of a bul k substrate.

12. Memory cell according to one of Ciaims 1 to 11, in which the emitter
comprises a doped semiconductive material of conductivity opposite to that

of the source.

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

semiconductor-on-insulator substrate.

14. Memory cell according to one of Claims 1 to 12, in which the FET
transistor is formed in a well produced in the top part of a bulk substrate.
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18 15. Menory cell conprising: A FET transistor

having a source, a drain and a floating body between

the source and the drain, - an injector that can be
controlled to inject a charge into the floating 5

body of the FET transistor, the injector consisting

of a bipolar transistor having an emtter, a base and

a collector formed by the floating body of the FET
transi stor, the cell being characterized in that the
emtter is connected to an injection line that runs
bql5oménh&y%@nfcgﬁ%ngfn the nemory cell. 10 16. Menory
array rising Igurallty of nenory cells

accordA T b’aawytom@vmg ecpeurpe, adran agd a fipatingbady petween
array receding claim conprising a
source |ne %g?g@}é%uﬁl ed to the source of each
Menoryag ehjbecial dngt earc bk wontrofied e ifectay caenj;earmto the floating

inject on | araIIeI to the source |

coupl e 0%0{‘58 F(e#ﬁL @r@ StgF. the MieqiahtnFISiag |°f§|b6‘?f§a%“éﬁ"?§'3t°"
col U”“hawﬂ?an'\@hfﬁ@ﬁi Pbaso®BhE & bdiRGtR fﬂﬁrﬁ@f by @@ floating body
accordin o _any one of clainms 1-15

char acPeheFd&r {ransifief. a | ogic 1 st ate |s pr ogr anmed

b I t
S1uP B 408, 0000k W i 45t ot e

ofine thadrunsobelhe the sirate or theensmbtyaggd. t o t he drai n of
the FET transi stor and by applying a positive voltage
to the injector. 2519. Method according to Caim17,

| I16V\Memﬁt)ryla'rra;/ cenprisingch pheality icdmermofy aells accopding e any
wite v1oétage is applied to the gate of the

oo B gl o

17. Memory array according to the preceding claim, comprising a source line
(SL) coupled to the source of each memory celf along a column of the array
and an injection line (IL) parallel to the source line coupled to the emitter of

each memory cell along said column.

18. Method of controlling a memory celi according to any one of claims 1-15,
characterized in that a logic 1 state is programmed by applying a nominal
write voltage to the gate of the FET transistor, by applying a voltage less than
or equal to the nominal write voltage to the drain of the FET transistor and by

applying a positive voltage to the injector.

19. Method according to Claim 17, in which, in a cell read operation, a
fraction of the nominal write voltage is applied to the gate of the FET

transistor.



