SRAM-TYPE MEMORY CELL FIELD OF THE INVENTION  The present invention relates to an
SRAM-type memory cell formed on a semiconductor on insulator substrate and comprising six
transistors. 5BACKGROUND OF THE INVENTION  SRAM ("Static Random Access Memory") type
memory cells are static ram memories, that is to say memories that do not require periodic refreshing.
Such memory cells are constructed from a set of transistors. - A general concern in this field is
how to reduce the size of the cells and how to reduce 10the leakage currents.  When an SRAM cell
is fabricated on a bulk substrate, the size re ariability, which means that
the dimensions of the transistors must not b%ﬁ%ﬁ%ﬂu@%}mf&e read and write components
must be separated in order to find an operating point. 15This may entail increasing the number of
transistors (thus incRESINGFroHEGNEEBY TOBven 10 transistors), with an attendant penalty in terms of
surface area. Merﬁ@wﬁ‘ésé?ﬁ iAvebia Jé/le@ssmr@mwh@;i@maiamys;aammﬁ@re@tséiﬁz@maw,

depending on their fun ng (;‘l! % w§hakge, conduction). Authors have proposed
using FD-SOI typg?%an&stors (%g Ezgalcroﬁyrgr)] s?z{;l&rs{ ngrj for "Fully-20Depleted SO!", which describes a

fully depleted structure produced on a silicon on insulator substrate) comprising a back control gate.
Referencein this reBp&dtCBR BN EHS INY BRiBitions by Yamaoka et a/. ("SRAM Circuit With
Expanded Operatingargisatie F&&dumedo&am Byohe akagenearoentdllising Flait: BOX-FHSBE,

Transistors”, IEEE Journalof Solid-State, Gl ,ryggr@?cl\l@frg;h Aov. 25 2006) and by Tsuchiya at al.

("Silicon on Th|n BQ New Par w-Power and High-Performance

di
Application Featurln%< ide. rl?ioa% & grﬁ<0§35?r 6ontr O(m ?l‘:c';IG:JEmc *St "Gonventional SRAM cell typically
comprises six transr%t%‘?@eﬁéﬁ?é*ﬁﬁm in this figlbis BR8-S &%&ﬁﬁﬁrsﬁz&r@lgﬁ@e“ﬁ@% HRY Beiarafy N
channel fietd-effedbtisamsistiorsr 8 (NFETS), - two charge transistors and two conduction transistors,

linked in pairs so asyadaran wosackiceupleddrRvesteEshtine sihatgastrarsistoraanetidn teeary iPa
channel FET trg{},%l%%g,»(&F@Tﬁ)h%%gg,gqngk%goarﬁ@g%ﬁgog@ ﬁEetHE&ToT—Eaﬁlé@t%’% be reduchythe

abovementioned publications, the back control gate, which is formed under the 38insulator, | used to
control the opel iRy b RARIBIS GRARBIPATE SRS ggoﬁ%h? Q@gu?’ &R IR A P

doped region féaiiéd under each transistor, each group of transistors and the underlying gate
correspongling to aniNis ok -etyicistaadrigeing nnswlated framittvesothessidoysseioalied" ST’ §' Shallow
Trench Isolatiogyh, 10 wBRsSiHR aw;@@ﬁ%&eagmﬁﬁn Eansistaishelangao one and the same
island, while 5the N‘\:AET transistors ee%ugsgr% rs {%%cegéﬁlé[ggglsh%r@eagﬁquﬁd%%%gggsstors

respectively) in islands separa?edab tﬁe P region. In ractlce these two N ?31 lons are linked together

at the peripher{eRfI {84 SIREFRTINY B eﬁ%@i’ﬁ?ﬁ@fwg ofit8PBitivins. The same applies for
the P region. For N éh#imrehaansistossciheire dibriforiisgts bisck Eormrorymesianofm-{aydeitand is
10separated frampibePIype base schsirateaiyiia tayetaf MroondustbdtyeFenthesifechanneiransistors,

the region formingdne gk 6RONDL IR 0fdi-tpe.

Reference in this respect can be made to the publications by Yamaoka ef al. {*SRAM
Circuit With Expanded Operating Margin and Reduced Stand-By Leakage Current Using
Thin-BOX FD-SOI Transistors”, IEEE Journal of Solid-State Circuits, Vol. 41, No 11, Nov.

25 2006) and by Tsuchiya et al. {“Silicon on Thin BOX: A New Paradigm of the CMOSFET for
Low-Power and High-Performance Appiication Featuring Wide-Range Back-Bias Control”,
IEEE 2004).

A conventional SRAM cel! typically comprises six transisiors, namely:

- two access or transfer transistors; these are generally N channel field-effect transistors

30 {NFETs),

- two charge transistors and two conduction transistors, linked in pairs so as fo form two
back-coupled inverters: the charge ftransistors are, in theory, P channel FET transistors
(PFETs) and the conduction transistors are NFET transistors.

in the abovementicned publications, the back controi gate, which is formed under the

35  insulator, is used to controtl the operating conditions of the transisiors more accuraiely.



The article by Yamaoka et al. discloses a back control gate common to the two charge transistors,
which are of P type, and a back control gate common to the access transistors and to the conduction
transistors which are of N type. 15In the article by Tsuchiya et alL, the access transistors have a back
control gate linked to ground and each pair formed by a charge transistor and a conduction transistor
has a common back control gate.  However, in these devices, the back control gate simply
comprises a well which is limited by the isolating trench. 20Moreover, the choice of working in columns
of wells does not favour the facilitation of the operating modes.  For example, the article by
Yamaoka et al. describes N access transistors and N éonduction transistors having the same back
control gate such that their ratio remains constant regardless of the operating mode, thereby limiting
the margin for improﬂiergecr}(t for ZE%thetvariou quctionaI or%%%s.n derReséﬁggagrr‘\SIigt épeéaeggre{g}ocu ed on
obviating the drawba %8% tﬁ%ng%sgflanﬁ JeVicEE anePRther redﬁcmg the imensions o tﬂeLgF? M-type
memory cells, §8"ES RS UARIMITAINFISIEESRANH RGHTRMBT SViRG TR REAFRSTRPAIEIEGEE of such
cells. 30BRIERDE S€ RifTd ONsO Ealldd EINVENFIONT Avcorthiviglita the invention, there is proposed an

SRAM-type memory;¢Rll GURIIN caiseR ieontueiaiaidnssatpiossistiataneommesinga tindilm of
semiconductor AR SERAIRII0.8.Rase AN UG BLAPRUAN hiPYBuction LgRSISIOr.

comprising two access transistors, two conduction transistors and two 35charge transistors arranged
so as to form WRFPEAICEGITHITEANG TRRREEE/Y (B DERHC"3 coupled inverters, each of the transistors
comprising a drain tedgiestigadiaeseinee Negiprarmentiadintasetisinefitie ascikanietekierdbmefstween
the source regiepianchthie:deaire tggidor srcbénéranigate. Siteaiadadmliestfe iteahrgisaid memory cell

being characterized:ig} thatgach i ihsdransistogphas dikagie Rl ebaegRd o mratkin taediase

substrate @elow the channel and able to be bi to modulate the threshold voltage of the transistor,
a first bac gatseelrfﬁiéa gﬁ,ﬁ&%ﬁ@gﬁﬁg %S%ﬁeggﬁt%g?qgg 6s g &'?l%eg‘1 acgcéssutcréﬁgistors to a first potential and

a second back gate HEBSHARANTY I SInck B5ReIPg40aDi8e e MasidarliBreaa s tbrs Wi charge
transistors to a secdhd paribalY eweafiksteimd dseopespoastae belsgteneriurreddbedrdirgad®the type
of cell control apgkaion, MABCHEHIPteRiheicharastienaties @fithisaeltn o théhe-aersessnitiansistors

and conduction, fransistors atesNEhdansishors dhe.chapge transistors are PFET transistors; the back
control gate of the access fransistors is of N+ conductivity and the back control gate of the conduction
Nt RN 0 -1 A b IR R S S L SRR el e
transistors an @M RERt P IS PEA R In AHEISa BB SIRtrate @eﬁﬁ%ﬁ%%ﬁﬁﬂ%’ﬁﬂ%%ﬁ‘ of
conductivity oppositertbdtiecootidugieity of the back control gate; - the memory cell is fully depleted.

Another subject of theWavantionHsiatesie=a, MRMRKK Aty SYRBrigngadhipakibs of W& mamory cells
as described hfﬁ%ﬂﬁ?&?iﬁ%’i%iﬂmigﬂéﬂ&?hannel of each of the transistors has a minimal physical width

but has an apparent width that can be modulated by the application of a potential to the back control
gate of safd transis{gﬁreoveﬁ(r?a?h%}oé%rj%&q {3t %) %Wgt égeéls fa erlscggtnf;avé)r‘f ré?f,éﬁﬂg%% r}noé)mory

cell as describdtf &BBREINEERPRZINg the steps of: 25providing said semiconductor on insulator
substrate comprisinosaigthmefiltheobgeinicgnderctmkmatesialepdretel frorasthédrasacsspsitate by
said insulating {aygiicieRmiaaskask Getrgl grleaM:hadrassnsebgisaiesonimpiamataaio redaather
subject of the !@Xi&é‘ﬂr}%& %é%f".t!%eﬁa%tﬂigc%ﬁ&"{H&&WH&%{ frell-As A6 REIRBAE: for
characterized in that a so-ca fe "high" positive voltage and a so-called
25  the various functional mddes.
Research is therefore focused on cbviating the drawbacks of the existing devices and
further reducing the dimensions of the SRAM-type memory celis, so as to conform roughly to

Moore's law, while improving the perfermance levels of such celis.

30 BRIEF DESCRIPTION OF THE INVENTION
According to the invention, there is proposed an SRAM-type memory cell comptising:
- a semiconductor on insutator substrate comprising a thin film of semiconductor material
separated from a base substrate by an insulating layer;
- six transistors, comprising two access transistors, two conduction fransistors and two
35 charge transistors arranged so as to form with said conduction transistors two back-



30 "low" positive or zero voltage less than the high voltage is defined to bias the back control gates of
the transistors, and in that, according to the type of cell control operation, a high voltage or a low
voltage is dynamically applied to the back control gate of the transistors. According to other features of
this control method: 4 - it comprises, for a standby operation, the application of a low voltage to the
back control gate of the access transistors and to the back control gate of the conduction transistors
and charge transistors; - it comprises, for a read operation, the application of a low voltage to the
back control gate of 5the access transistors and a high voltage to the back control gate of the
conduction transistors and charge transistors; - it comgrises, for a write operation, the application of a
high voltage to the back control gate of the access transistors and a low voltage to the back control
gate of the conduction transistors and charge transistors. 10 BRIEF DESCRIPTION OF THE
DRAWINGS  Otheffiairyerisny Serfarhl5eEor tie S oBRIBH SAILAERECH SR hETIENTAY Yetailed
description, with referemgeddtiie &ppéimledaieanshgsendiniidigtweean the sofigrirecioiseatifsuitrdiagram
of an SRAM cell aceegiing1@ dheinertionalkiidgure hdiustiaées the topology of the SRAM cell,
Figure 3 is a vigyy,in oS5 §&FH8M%&@ i@& celldiustiatadip Figureos Fig %écmscanw%é&b

Cross- sectlon o B B of H gell |IIu tr ra e elo rg %hzla:nl%re 5 |Il%gr?te§ the to qt 8f ap§
array com I’ISI ura accordlng 0 he inven |on gure ustr ates emo ali tles

controlling the fh’i@”ﬁ?&ﬂd"?)@%g‘g Hieérﬁ&ﬁ%ti%rt(ﬁ ﬂfﬁ\ﬁﬁ%l%%f%'@%%ﬂ@%@ﬁﬁdpﬁé?@kﬁﬁiﬂ 19efss of
DESCRIPTIONh@ECEEHE tNNENTIONSirsichoiendéitbedSR¥dvbod h:RERigaring shovestithe thirdurck

diagram correspomdingie an HRAMdbGsMemM selhacreidingdestierinentassrthesremorcell
comprises six V%@%‘r?é%%%&é&&?n&ﬂ%&ﬁéhﬁé& E?Alsé%k%rr%]%e(%%%ﬁ ARSISIBRE o PRk The

transistors Ti and T4 are uced on a sémicon glctor on insulator substrate and 30each of the

transistordthas a froftGHEE LA BERETRHS JatP 81 that can be controlled to modify the
behaviour of the trané}“@téﬁQCGSSFiféﬂ‘éfﬁW andargngietionneansisiad eoscbifédtivensestinebetrback
control gate BGhraidioes tare BCESSsarainsistonse habd todne gad tifetisammeqseténtisktorhich ahdkes it

possible to prog&#@&%@&ym INERRRVRSEPHRlhHE itdaRlspRessiniRfarrachAbiheRask@ates to
be 35individua|(|)¥ ﬁgggr%:ugt Eo a potential.

15 - the back control gate of the conduction transistors and charge transistors is arranged
in the base substrate below the channel in a well of conductivity opposite to the conductivity
of the back control gate,

- the memory cell is fuily depleted.
Another subject of the invention relates to a memory array comprising a plurality of

20 memory cells as described hereinabove, in which the channel of each of the transisiors has a
minimal physical width but has an apparent width that can be modulated by the application of
a potential to the hack control gate of said transistor.

Another subject relates fo a method of fabricating an SRAM-type memory cell as
described above, comprising the steps of:

25 - providing said semiconductor on insulator substrate comprising said thin film of

semiconductor material separated from the base substrate by said insulating layer,
- forming back controi gates in the base substrate by implantation.

Another subject of the invention relates to a method of controling a memory cell as
described above, characterized in that a so-called "high” positive voltage and a so-called

30 “low" positive or zero voltage less than the high voltage is defined to bias the back control
gates of the transistors, and in that, according to the type of cell control operation, a high
voltage or a low voltage is dynamically appiied to the back confrol gate of the transistors.

According to other features of this control method:



5 The front gate G of each of the access transistors T1 and 14 is linked to a word line WL.

Moreover, a drain electrode of each of the access transistors Ti and T4 is linked to a bit line,
respectively BL1 and BL2, the bit line BL2 complementing the bit line BL1. The memory cell further
comprises two inverters, each comprising a charge transistor 5 13, T6 and a conduction transistor 12,
T5 in series between a power supply voltage VDD and ground GND. Each inverter has an input
consisting of the front gates common to the series transistors, and an output consisting of the sources
common to the series transistors.  These inverters are back-coupled in a manner conventionally
known per se, the input of one inverter being linked to the output of the other, and vice versa. 10It will
also be noted that, like the access transistors Ti and T4, the transistors T2, T3, 15 and 16 have, in
addition to a front gate G, a back control gate BO2,  Preferably, a back gate line is used to
collectively corne&f W’%efclgoéoani?spé%e BE b PRI, f'ﬁZ‘?’f’B‘fo%%gﬁrita 16 £55h&°8K the
same potentialg@hiehih A8k FeRIMMEs8YEvIaR ek cantcinistp ehEivcceatittP i Ts K uiseBossible
for each of the dimckegatesstorge 15connected separately to a potential.  Preferably, the back control
gates BG1 and BG2aredndsps R fEpmaanthaab oRanactad With e Roerer D Rt dren Y8k of
transistors sTl'Tni% Ehgeé’s?'li@g%t%‘%o'é%g 9 ‘i%‘éSﬂC%‘u‘i%O' b%C%E%%e%kB%ln@ad B@2frdndspendsnt from
the power supply v,o(itage VDD and ground D, and can be oFany one of"a continuous range of
values, for exalIRSPOTH GPFEY BSOS The access transistors Ti, T4 are used to control access to
the back-couplet] tavariess. durinyitseonnrsationy ibelkrenisatioantd afieh oplirationdie batheosarcete
electrode of eaghtascassdsansisiontladd is twscensectaddmthe eutput ghenerahthedmyesiers and
to the input of the athet inverieh2a5INeL illustrates the topology of the corresponding memory cell.
Figure 3 is a cross section on A-A of the cell illustrated in Figure 2. We will focus first on the access
transistor Ti (the explanations given being valid for the second access transistor T4). The
semiconductor on ir%@%%d? {?gt@ﬁloﬂ%pwigsngm 1 of semiconductor 30material separated
from a base substr&tthe isatunesathtiticp dgeas of thhergarmoonit wotergenfiersutat deliowxtrastisdfor
example, a siligeecaptinswataeffehssbstiatesAasending ieya iprefared embodiment, the insulating

layer is a Buried Oxide B Jayer, &g nplalingrayaRafabexamnin, Baneiflalle, 6  The

transistor Ti is an NFET,[:Lransi t?r which pas a source re%gﬂh?, drain region D and a floating
channel dsextending betw&Eh H@%@fﬁ%é etaf?)ono%a ttﬂtea ra f&gion. The drain D and source S
regions are preferentially/'#¥€ohfe@ V RIHNRELHSETRIAPBOR fals ) Hurtediahigeteris fully depleted.
The substrate is then quadified asa FEMSOi oSs it estals orppssililndarthbuttarisistoFipitee2partially
depleted, but this technelggy is Iass-advantageersPecavsking thisknessesial thethindile efis
semiconductorar%g%%l a tgjeq';\;Qfg:ﬁ.g?,suIating layer are greater, so that the effect of the back control
gate becomes very wea ,gﬁjSt a few %); furthermore, in this case, the channel must be doped, which
corresporfds to a sifuatibf CEApLEIIE T4 PSR GaIK QLIRS G A TS TRD Y BPIALATTRISEPF % front
gate G extend¥/iiti'a phE¥RECEO6RVERN BRIy known per se on the surface of the substrate, above the
channel C and is separated therefrom by a dielectric layer 3.  In the context of the invention, the

back control gate Bfsd1ofj e irarsipteridis eErargedveiiedpase substrate 2 under the insulating BOX
layer facing the chag{#gét%eo&sfﬁ(iadstﬂ%icséﬁ)r.

25 Figure 1 shows the circuit diagram corresponding o an SRAM-type memory cell

according fo the invention.

The memory cell comprises six fransistors T1 to T6.

Two of these transistors are access transistors T1 and T4.

The transistors T1 and T4 are produced on a semiconductor on insulator substrate and

30  each of the transistors has a front gate G and a back control gate BG1 that can be controlled
to modify the behaviour of the transistor.

Preferably a back gate line is used fo collectively connect the back control gate BG1 of
the two access transistors T1, T4 to one and the same potential, which makes it possible to
provide easy and inexpensive conirol, but it is also possible for each of the back gates to be

35  individually connected o a potential.



15As can also be seen in Figure 3, the transistor T2 is an NFET transistor (like the transistor T5) which
has a source region S, a drain region D and a floating channel C extending between the source region
and the drain region.  The drain D and source S regions are preferentially in contact with the
insulating BOX layer so that the transistor is fully depleted. 20The front gate G extends in a manner
conventionally known per se on the surface of the substrate, above the channel C, and is separated
therefrom by a dielectric layer 3. In the context of the invention, the back control gate BG2 of the
transistor T2 is arranged in the base substrate 2 under the insulating BOX layer facing the channel C
of said transistor. 25Referring to Figure 4, the transisto¥ T3 is a PFET transistor (like the transistor T6)
which has a source region S, a drain region D and a floating channel C extending between the source
region and the drain reg}ion. The drain D and source S regions are_preferentially in contact with the
insulating BOX layel S48 t&heRto IS R GED IS SBAIIeTALINER HE Lipatined 96 Ve, the
transistors T2, T3, Tomwiercchnapiecbedoaitkan) eblersgess rehaifignt[JaaedG ekt in abitanner
conventionally ikroverreetissy @1 thesaifaceobithesBbstate abavedhrechiairabC, and is separated

therefrom by a dieleg{tclaygh3ell furrd BispAXLATHIEBMeRUeH.dheRank sonRlaalpB&e of the

transistor T3 is.arrapged in the base .substra der the insulating BOX layer facjng t hannel C
bl e L i it B R R e
semiconductorBA-Bi SN RtdrasidBYRItE’ i85t EBH! L2 HRhel 517 {iAN 1R R ERMELY dFf (8 fivsafting

BOX layer is b&wueigio, Baheh30tnuh consiétihe dddvk soormesogateds ot toshaeetangistifferential working

function, a conductivitysefitherladershbecebpsamia harpkitesamiype asihalokieEmpuransistor
(in other wordso@éwmetxgreog%%@a@tﬁg%m 8%@%%4F?£]?d§ﬁ9& R RLype conductivity for a P

channel 10transistoy). .. To minimize, the leakage currents in standb e, the ideal sityation would
b to v top ol G RATICE HESAKE O GSea i S Sl PO CIF PO a3 and o the
opposite type td3RaE JPLER: 6F BIERASIStBPE! 8Rig GnBEREAPE #7853, However, this would
require the formatioRrefethbge aifterepatbditk consrol gates:cinasr ¢beneld theebaokycoetiolvghieh Bigld
have the immegiate effeaokingreasingdheTsudace argameligcaltdyarosns rke of preEaidecause it

would then be Becessary (g PrANNESL e ack GANYR gates NP AACH 8l cores 1050 the

desired aim is to minimize the dimension of the transistors in order to minimize the surface area of the
SRAM cell® the®MBECSHSFIBIRY t2ARVHHAS therefore 20been defined. Thus, the access transistors
Ti and T4 are NFE T tRafSiztor$iRithea b aeREDnEse g dte 1B SN+t dPRRNEBRd iictiB rifiari$istors T2
and T5 are NFESRteansistots withsadoaek pdndrelrgaté BGE2obi+ type. BEThatebar gertiiansistors T3

and 16 are PFEJntransigtosswitber baskeennireligatedRted0from the power supply voltage VDD and
ground GND, and can be of any one of a continuous range of values, for example VDD/2 or

20 VDD/3.
The access fransistors T1, T4 are used to control access o the back-coupled inverters

during the memory cell's read and write operalions.
The source electrode of each access transistor T1, T4 is thus connected to the ouiput of
one of the inverters and to the input of the other inverter.
25 Figure 2 filustrates the topology of the corresponding memory celt,
Figure 3 is a cross section on A-A of the cell lllustrated in Figure 2.
We will focus first on the access transistor T1 (the explanations given being valid for the
second access transistor T4).
The semiconductor on insutator substrate comprises a thin film 1 of semiconductor
30 material separated from a base substrate 2 by an insulating layer.
The semiconductor on insulator substrate is, for example, a silicon on insulaior SO}
substrate.
According o a preferred embodiment, the insulating layer is a Buried Oxide BOX layer.
The insulating layer is, for example, made of SiCs,.



N+ type.  As shown in Figures 3 and 4, the back control gates BG1 and BG2 are insulated from the
base substrate 6 by a well denoted 4 and 5 respectively with a bias opposite to the bias of the P-
substrate, the substrate 2 comprising the regions 4, 5 and 6. 30The well 4 is of N- type for an N+ back
control gate BG1,; the well 5 is of P- type for an N+ back control gate BG2.  The voltage of the well
4, 5 is chosen so that the parasitic diode created by the electrical node between the back control gate
and the well is always reversed, the diode isolating the back control gate from the well and from the
back control gate BG2. 8  The invention also relates to a memory array comprising a plurality of
SRAM cells as described above. Such an array is illusfrated in Figure 5. The array is organized in rows
and columns. 5By convention, the row is represented by the direction of the word line WL (in the case
of this invention, it is also the dirngtjon of b{ack,ctontrﬂl %aﬁe BG2 of the tran?istotgs T2, Tish '55 and
T6), which is horizohtg! TREIG e’ S KAl the cOTIRHIS 1 e 8 ScHCst B BitliReS {Coneidting of
metal), which @e\iehaed{ s W P rigrBebycTh &A™ CoRIPis 88 e H4F) FfiRE and columns as
the application requitesdddi iothedcasecef $hisminve ato nreiresnlielin onycoelis haitte tteipaittiow # Feature of
having back copjpl:gatesRGhMdBE Ry ddfredackeaniaheataRedalitbe dverersis decoded on

the one hand by theg%id %Zg%% asdordbeward ling M%Lgamg)@e@&é)&hsathﬁfaqéwﬁsggﬂsn@g@g

mode (read or write C contro,ggate BG1 "modulates” the access transistors in t%e islands |

(see figure 5). THETAHARE | 88 1Ak (BIERREP Tl PR R iMby PRIIFRIH O™ FRETEH XSl Iivity of
the back contrdiuyéainB Gyss ate eseaigry 10 WebigarriieeteidhsrPotaceisie el feas R vehAsAl
directly under thetearsistor f2didetbed ioftfiabticating ttreSRiAkMgtelt dopddevSBAMreslbésdabrieated by

the usual methgg Af AlIGHRGPASESHSIBHNR IURNSRARBIBET 1erms AVABBIAPriate method is described,
for example, in chapter 2 of the work entitled "CMOS Digital integrated Circuit Design: Analysis and
Design B S, Kanbe AR oot GEIERie Mo Al B s L Ry gy AR
levels situated SHAGER & BRYE RETGABESK GRSt BR8 RATHE IR 5P T SRR CBIR Slling the properties

of the transistors of ithéhSRaNExdellf the invethieoimeeteck thenirnezatenB@ie Waltle detssigaldsiBG1

and BG2 are uggghdyoamicallysdhenspliage appiesttndhiammisoeiferijeelnangdudairshascorsfisgdo the
type of cell 30gapiRlpperation (standby, read, write). By biasing the back control gate of each

transistor positively or negatively (typically by +/- 0.3 V), the properties of ransistor can
modified iﬁdividuallﬁslﬁap%ﬁtlscﬁlg?, éj‘é”tﬁ?eréb o} v%l are%e”%?ﬂ%’%g%s‘%t%? c&fr%e%ﬁ%’%%f 'eqﬁﬁs it

happens, modifiritistAe thredhsh RAstta g EqlagaRmt t8 RTStIRRthe Fhysfedpaiing channel C

extending between the source regicn and the drain region.

The drain D and source S regions are preferentially in contact with the insuiating BOX
layer so that the transistor is fully depleted.

20 The front gate G extends in a manner conventionally known per se on the suirface of the
substrate, above the channel C, and is separated therefrom by a dielectric layer 3.

In the context of the invention, the back control gate BGZ of the transistor T2 is
arranged in the base substrate 2 under the insulating BOX layer facing the channel C of said
fransistor,

25 Referring to Figure 4, the transistor T3 is a PFET transistor (like the transistor T8} which
has a source region S, a drain region D and a floating channel C extending between the
source region and the drain region.

The drain D and source S regions are preferentially in contact with the insulating BOX
layer so that the fransistor is fully depleted.

30 Alternatively, as explained above, the fransistors T2, T3, T5 and T6 can also be partially
depleted.

The front gate G extends in a manner conventionally known per se on the surface of the
substrate, above the channel C, and is separated therefrom by a dielectric iayer 3.



35width of the channel. 9  Thus, in the context of the invention, the physical width of the channel is
defined once and for all and for all the transistors, but it is possible to modify, individually for each
transistor, the apparent (effective) width of its channel via the control of the back control gate. Since
the voltage applied to the back control gate can be modified, the invention thus 5offers the advantage
of a dynamic modification of the apparent width of the channel.  The variation of the threshold
voltage of a transistor via the back control gate can be expressed by the formula: Vth= Vta aVsG, in
which Vth represents the threshold voltage of the transistor, VBG the voltage applied to 10 the back
gate, Vo the nominal threshold voltage (which can be dffset by the working function depending on
whether an N or P type back control gate is used), and a a coefficient linked to the geometry of the

transistor. The coeffici%% g%ﬁ%%% "Eﬁglsig‘g%ﬁ }?02” Er]néageglle ac%?rr ingtéoégezx reg ion; anzs’ist.gpdrésiglolz

15in which t0,1 deslrg‘]n i ' & ec_‘f‘r)lc ayer separaﬁn fhe Font Jate from the
channel, tots d&/sfates he tRTEIGHESE e thendRURRINGYRYer SEpalaindPrieotaR kREWELY Faidifrom the
channel and tsiratessgnates the thickness of the thin film. It will therefore be understood that the type

of doping of the bacisGoptrehantenafir ERRSISLOR B AN QhaaawLNAL elfselihe denaisakthsrsihaid yoltage,

and that the bigaijg of . 2903ck sonii e ke ihpssble nadly R sy eid e 1

thus possible to benefit from an increase in the conduction current IGN in an active state o

transistor (by rB8M&ERY 1ReD%8RABId voltage), and a reduction of the leakage current 'OFF in an
inactive state of theltitapsistlscanyehartsnisingt e evreanoftiferraigeloTirotifedine ¢ voRagER A1 then
be reduced by tappyisguit ibetaek contref gatear2lypitagerthalf inpbEitivedsran (M transistarsand less

than VDD for &R fiansistoidl BR/#VRNUANNSAE-BIGrSQY&E: imitedie tirdirewa a#esaofRAREIve
back contfﬁ)l gate vo tage, but also extends to the use of a zero or negative back control gate voltage.

The coefficient & décreases rapidly when the silicon and BOX thicknesses are too great. For example,

consider a Vo of 0.3% VI {#hidR [82588R 0 SUGHIIARAR A% B 8R! 5 8BtRRYAYRRFORAEY S /th of
0.5 V is obtainedop ddpeth iepioratiiy modeamaeriresthetitnr oatdvbtagechritptaiesdaro0y ireorder to
operate, a musigpasiat B omapoueh s pRyryadisge \dDurdEN the tiitbBRithdckness ratios do not
permit this, the workipgJunchan mu§t-oe IRWRLe- SRR INGHRISGESRAIARIGACh R ER thfe Voltage
of0.2V r?‘sq“'“?éje%}? ge ,pvgrra%ﬂnvgour?é) gg\}e ;hg?e immediate effect of increasing the surface area of the cell
by around 50% or more, because it would then be necessary fo reconnect the back control
gates individually in each cell.
Since the desired aim is tc minimize the dimension of the transistors in order to
minimize the surface area of the SRAM cell, the most appropriate trade-off has therefore
20 been defined.
Thus, the access transistors T1 and T4 are NFET {ransistors with a back control gate
BG1 of N+ type.
The conduction transistors T2 and T5 are NFET iransistors with a back conirol gate
BG2 of N+ type.
25 The charge transistors T3 and T6 are PFET fransistors with a back control gate BG2 of
N+ type.
As shown in Figures 3 and 4, the back conirol gates BG1 and BG2 are insulated from
the base substrate 6 by a well denoted 4 and 5 respectively with a bias opposite to the bias of
the P- substraie, the substrate 2 comprising the regions 4, 5 and 6.
30 The welt 4 is of N- type for an N+ back control gate BG1; the well 5 is of P- type for an
N+ back control gate BGZ2.
The voltage of the well 4, 5 is chosen so that the parasitic diode created by the siectrical
node between the back control gate and the well is aiways reversed, the diode isolating the
back control gate from the well and from the back conirol gate BGZ.



It is obviously necessary to compensate with a negative back control gate voltage in the other modes
in order to "find" the 0.5 V required by these modes.  Figure 6 illustrates the control of the threshold
voltage of a transistor produced on an SOI (or, generically, semiconductor on insulating dielectric:
Se01) substrate by the biasing of 5a back control gate arranged in the base substrate, under the
insulating layer, facing the channel of the transistor.  In this Figure 6, the central curve Cn
represents an example of the nominal characteristic log(ID(VG)) (transistor without back control gate).
The following values are only examples. It is clear that the values of loN can vary 10according to the
technology between 100 pA/pm et 2000 pA/pm, the cugrent IOFF possibly varying between 1 fA/pm et
30 nA/pm. The currents 10N and loFF are respectively established at 150 pA/tim and 5 nA/pm.  The
bottom curve Cyr. represents the nominal characteristic lo (ID&\@g,under the effect of a back control
gate with working f &iBﬁeéﬂ8“c%'ﬁ?r6?ﬂ8%%%/?’?’ﬁ%8’i‘i&$8 'T%iﬂd%ﬁfﬁi@é? ML ¥ the
threshold voltagescThedchgents ION and loFF are respectively established at 100 trA/pm and 200
pA/pm. The top curgeddum depyestintsdlee mofyoal £haracteristic log(ID(VG) under the effect of a back

control gate withoutyworking ifunstinpand eoatsaliedwithsa nominal power supply  voltage VDD. This
top curve illustrates_the re ion.in the threshold val Tk rr I loEF.ar
establisheg respecti _e%? %teﬁg‘%g& SrFrclJ ﬁaﬁsqr%(?gﬁ%e%m%gﬁ?t“\?{h ?ﬁﬁﬁgﬁeﬁn gf‘&%o Lttg'gtt %gic’gsing the
back control g&eBoEYFE9 bR EaVER A HF AR YoaREHE LR PRDBREH &W—Ff‘%ﬁﬁot@pTé)ﬂ%-
curves can be €oweredt by tirlisniotetatid thieuiaréshald thelealersfithe thariietdpanbtivs Rhinetcteristic
currents ON anebdOind beniBi@ntioriaiawe @ dustiviadinaresigerésihe apparent width of the channel
that 25becomes all g gregiesasithe ROWST, SHRRIYVAIRIRRNRGRMS, ARG IYBIEhdS reflected in a
substantigj variation i JoN, ang (9F ., {t Wil B noted.n this [aspect it the frend.n.the tedhnical
field of the Invention is 1o uﬁﬁze, or rtﬁhe TtutUre generaffons, efectronte components with foWwerahd
lower power sﬁﬁf?’b@ﬁﬁ@@s@%iﬁ%ntion is thus a priori of even more interest for the future
generations. 30TheFesndacfollowsrh gritaiféil defstirplivetfren & ethdelobeahtraitieg et nigntfory cell in
the three operaidiag83Rdess Stanedwon ite=and)read oStapdmemese by tispbritiyimie (ade selow, in
the standby mq\g@e)t_he access transistors Ti and T4 are blocked, which causes the inverters of the bit
lines BL1 and BL2 tg be disconnected. ..The power supply voltage VDD is applied to the base
substrate 2 an fo (L85 ATS GO S o R LT D G VahE 2 3P0 IR et t
the well 4 contififigPthe back control gate BG1. A voltage that is low compared to VDD, V60 s

applied to the back TontstingatciBGiked SifrdraccegsritimnsistoystiEieidiT4.  The threshold voltage of
the transistors Ti anghd 4 isdikriuig brarrased andorlldkennerns sedsthe, BGavaliags isien of The
result of this is 5 Gtggn%otﬂgg%“g\p égégfg}ai%ghfggdg}qrﬁf%ﬁgg irrent OFF are minimized

(represented by the - sign In the ta ow). 10V602 denotes the voltage applied to the back control

gate BG273f the tralsiiigiLhiabgepting the SRAM cell
The SRAM cell is fabricated by the usual method of aligning masks relative to one

ancther.
An appropriate method is described, for example, in chapter 2 of the work entitled
"CMOS Digital integrated Circuit Design: Analysis and Design" by S.M. Kang and Y.
25 Leblebici, McGraw-Hill Publishing Co., New York, NY, 2003.
The levels situated under the insulating BOX layer are all formed by impiantation.
Controlling the properties of the transistors of the SRAM celi

In the context of the invention, the back control gates BG1 and BGZ2 are used
dynamically: the voltage applied to them is effectively modulated according to the type of cell
30  controf operation (standby, read, write).
By biasing the hack control gate of each transistor positively or negatively {typically by
+/- 0.3 V}, the proparties of the transistor can be maodified individually.
in particuiar, the threshold voltage of the fransister can be offset.
As it happens, modifying the threshold voltage is eguivalent to modifying the physical;
35 width of the channel.



15 and T6. In the standby mode, the voltage V602 is reduced. For the NFET transistors 12 and 15, the
leakage current is reduced accordingly. For the PFET transistors T3 and T6, the leakage
current may be higher; however, in an 15SRAM cell, PFET transistors of low conductivity and little
leakage are generally used. Transistor Ti T2 T3 T4 15 T6 State OFF ON OFF OFF OFF ON VB02 DV
DV DV DV VE3G1 DV DV

Thus, in the context of the invention, the physical width of the channel is defined once
and for ali and for all the transistors, but it is possible to modify, individually for each
fransistor, the apparent (effective) width of its channel via the control of the back control gate.

Since the voitage applied to the back control gate can be modified, the invention thus

5  offers the advantage of a dynamic modification of the apparent width of the channel.

The variation of the threshold voltage of a transistor via the back conirol gate can be
expressed by the formula:

Vi = Vo — 0.Vaa,

in which Vy, represents the threshold voltage of the transistor, Vi the voltage applied to

10  the back gate, Vi the nominal threshold voliage (which can be offset by the working function
depending on whether an N or P type back control gate is used), and a a coefficient linked to
the geomedtry of the transistor.

The coefficient o can in particular be modelled according to the relation:
3

- tSf + 31:}12

H

15 in which ty designates the thickness of the gate dielectric layer separating the front

oyl

gate from the channel, t,. designates the thickness of the insulating layer separating the
back control gate from the channel and ts designates the thickness of the thin film.

it will therefore be undersiood that the type of doping of the back conitol gate of a
transistor may or may not offset the nominal threshoid voltage, and that the biasing of the

20 back control gate makes it possible to adjust the threshold voltage.

It is thus possible to benefit from an increase in the conduction current oy in an active
state of the transistor (by reducing the threshold voltage), and a reduction of the leakage
current lszr in an inactive state of the transistor (by increasing the threshold voltage).

The threshold voltages can then be reduced by applying to the back controi gate a

25  voltage that is positive for an N transistor and less than VDD for a P transistor.

The invention is not, moreover, limited to the use of a zero or positive back control gate
voitage, but also exiends to the use of a zero or negative back controt gate voltage.

The coefficient o decreases rapidly when the silicon and BOX thicknesses are tco great.

For exampie, consider a Vg of 0.35 V, to which is added a working function of 0.15 V. a

30 threshold voltage Vs of 0.5V is obtained.

If an operating mode requires the threshold voltage Vi, to reach 0.2 V in order to
operate, a must equal 0.3 (for a power supply voltage VDD = 1 V).

if the thickness ratios do not permit this, the working function must be lowered (by
refining the process) so as to achieve the voltage of 0.2 V required by the operating mode.



ION- - IOFF = - The leaks within the memory cell and originating from the bit lines are
therefore minimized. Write mode In the write mode, a high power supply voltage is applied to the
well 4 containing the 20back control gate BG1; the well 5 containing the back control gate BG2
remains connected to ground GND. A low voltage 1/4302 is maintained for the back control gate of
the transistors 12, 13, T5 and T6 forming the inverters. The NFET transistors 12 and 15
therefore remain weak, like the PFET transistors T3 25and T6 which are weak by their construction.
The voltage of the well 4 is transmitted to the back control gate BG1 of the access transistors Ti and
14.  This causes the threshold voltage of said transitors to be reduced and therefore causes them
to be "boosted" (higher current ION). 12  The conditions applied to the (powerful) access transistors
on the one hand, and w%ak mverters on t e otherrll nkake it goss@le ;Saggggn%eggtggm the.biﬁqleienes to

the memory cell, andsfher {5F rsé%ae wﬂmpe rans Fgem
other modes in order to “find” the 0.5V required by these modes

Figure 6 illustrates the controf of the threshold voltage of a transistor produced on an
SO (or, generically, semiconductor on insulating dielectric: SeQl) substrate by the biasing of

5 a back control gate arranged in the base substrate, under the insulating layer, facing the
channel of the transistor.

In this Figure 6, the ceniral curve Cn represents an example of the nominal
characteristic log(in{Vs)) (transistor without back control gate).

The foliowing values are only examples. [t is clear that the values of loy can vary

10 according to the technology between 100 pA/um et 2000 pA/um, the current lore possibly
varying between 1 fA/um et 30 nA/um.

The currents oy and lope are respectively established at 150 pAfum and 5 nA/pm.

The botiom curve Cyr. represents the nominal characteristic log{ln{Vs) under the effect
of a back control gate with working function and controlled at 0 V. This bottom curve

15 dHiusirates the increase in the threshold voltage. The currents lgn and lops are respectively
established at 100 uA/um and 200 pA/um.

The top curve Cyrs represents the nominal characteristic log(in(Vs) under the effect of a
back control gate without working function and controlied with a nominal power supply
voltage Vpo. This top curve Hlustrates the reduction in the threshold voltage. The currents lon

20 and lorr are established respectively at 200 pA/jum and 100 nA/um.

1t will thus be understood that, by biasing the back control gate positively or negatively,
all the space between the bottom Cyr. and top Cyye curves can be covered, by thus
modulating the threshold voltage of the transistor and its characteristic currents oy and lorr.

The invention allows a reduction/increase in the apparent width of the channel that

25  becomes all the greater as the power supply voltages become lower, which is reflected in a
substantial variation in lon and losre.

It will be noted in this respect that the trend in the technical field of the invention is fo
utitize, for the future generations, electronic components with lower and lower power supply
voltages. The invention is thus a priori of even more interest for the future generations.

30 There now follows a detailed description of the method of controlling the memory cell in
the three operating modes: standby, write and read.

Standby mode

As shown in the table below, in the standby mode, the access transistors T1 and T4 are
biocked, which causes the inveriers of the bit lines BL1 and BL2 1o be disconnected.



T2 T3 T4 T5 T6 State ON ON OFF ON OFF ON V3G2 DV DV DV DV V5G1 High High ON ++

10

15

20

25

11

The power supply voitage VDD is applied to the base substrate 2 and to the well 5
containing the back control gate BG2, while a zero voltage is applied to the well 4 containing
the back control gate BG1.

A voltage that is low compared to VDD, Vug, is applied to the back control gate BG1 of
the access transistors T1 and T4.

The threshold voltage of the transistors T1 and T4 is therefore increased, and all the
more so if the BG voltage is low.

The result of this is that the conduction current lpn and the leakage current loee are
minimized (represented by the - sign in the table below).

Veaz denotes the voltage applied to the back control gate BG2 of the fransistors T2, T3,
T5 and 76,

in the standby mode, the voltage Vee: is reduced.

For the NFET transisiors T2 and 15, the leakage current is reduced accordingly.

For the PFET transistors T3 and T8, the leakage current may be higher; however, in an
SRAM cell, PFET transistors of low conductivity and little leakage are generally used.

Transistor T1 T2 T3 T4 15 6
State OFF ON OFF OFF OFF ON
Vg v oV Y oV
NEY oV OV

oy - + = - + =
lorr - - = - - =

The leaks within the memory cell and originating from the bit lines are therefore
minimized.

Write mode

In the write mode, a high power supply voltage is applied {o the well 4 containing the
back confrol gate BG1; the well 5 containing the back control gate BG2 remains connected to
ground GND.

A low voltage Vgez is maintained for the back control gate of the transistors T2, 73, T5
and T6 forming the inverters.

The NFET transistors T2 and T5 therefore remain weak, like the PFET transistors T3
and T6 which are weak by their construction,

The voliage of the well 4 is transmitted to the back control gate BG1 of the access
transistors T1 and T4.

This causes the threshold voliage of said transisiors to be reduced and therefore
causes them to be "boosted” (higher current ign).




-++'OFF - 5Read mode In read mode, a low power supply voltage is applied to the well 4
containing the back control gate BG1, which is transmitted to BG1. The base substrate under the well
4 is still kept connected to GND. The well 5 containing the back control gate BG2 remains grounded. A
high positive voltage V302 (for example of the order of VDD) is applied to the back 10control gate BG2
of the transistors T2, T3, T5 and T6 forming the inverters.  The NFET transistors T2 and T5 become
strong, and the apparent width of their channel is increased, while the PFET transistors T3 and T6 are
weak by their construction.  Regarding the access transistors Ti and T4, the voltage V301 applied to
the back control gate is low. 15The conditions applied 16 the (weak) access transistors on the one
hand, and powerful inverters on the other, make it possible to protect the content of the cell from any
disturbances by the BL voltages, whijle providi d signal that is sufficient for detection b a

peripheral amplifierW?a??&%‘f%’%ﬁ'ﬁ@“%t?ﬁh?gp?g%@ SR OTFEIErs on the one hand, and e

inverters on the other, make it possible to pass easily from the bit lines to the memory cell,
and therefore to proceed with a write.

Transistor T1 T2 13 T4 T5 T8

State ON ON QOFF ON QFF ON

Vi oV oV 0V ov

Vegs High High

fon + - ++ + - ot

lorr + - = + - =
5 Read made

in read mode, a low power supply voliags is applied to the well 4 containing the back
control gate BG1, which is transmitted to BG1. The base substrate under the well 4 is still
kept connected to GND. The well 5 containing the back control gate BG2 remains grounded.

A high positive voliage Vpe: (for example of the order of VDD) is applied fo the back

10 control gate BG2 of the transistors T2, T3, T5 and 16 forming the inverters.

The NFET transistors T2 and TH become strong, and the apparent width of their
channel is increased, while the PFET transisiors T3 and T6 are weak by their construction.

Regarding the access transistors 71 and T4, the voltage Vg, applied to the back
control gate is low.

15 The conditions applied o the (weak) access fransistors on the one hand, and powerful
inverters on the other, make it possible to protect the content of the cell from any
disiurbances by the BL voltages, while providing a read signal that is sufficient for detection
by a peripheral amplifier.

20

Transistor T 12 T3 T4 T5 T8
State ON ON OFF ON QFF ON
Vags High High High High
Ve oV Y

lon - + = - + =
lors - ++ = . o+ =

The advantages of the invention are as follows.




ON OFF ON V302 High High High High V301DV DV ION- 'OFF - ++ ++

10

15

20

25
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The use of an FD-SOI type substrate associated with a back gate for each transistor
makes it possible to modulate the apparent size of the transisiors, in order to obtain secured
reading, easy writing and a standby mode with leaks minimized.

Moreover, the FD-SO1 substrate can be used fo form non-doped channel transistors
thus eliminating the variability brought about by the random distribution of the doping. This
makes it possible 1o use transistors of minimal size without compromising the stabitity of the
memaory cell.

The present invention adapts the ratios to the operating mode and therefore improves
the margins in each of the modes without compromising the correct operation of the other
modes.

Also, the action is done in rows (parailel to the word line WL, all the cells activated on
this WL) and therefore does not disiurb the other cells of the column.

All these provisions make it possible to further reduce the dimensions of the transistors
and therefore of the cell.

it goes without saying that the examples that have just been given are purely particular
ilfustrations and do not in any way limit the fields of application of the invention.

Thus, the memory celi can also operate in a so-called "sub-threshold" mode {or "sub-
threshold conduction mode") in which the power supply voliage VDD is less than the
threshold voltages.

This type of celt is of particular benefit in very low power applications.

The SRAM cell according to the present invention operates with power supply voltages
VDD that are lower than for the existing "sub-threshold” cells, in as much as it makes it
possible to reduce the threshold voltages and the voltage VDD is lower.

The leakage currents are then reduced accordingly and more effectively than in existing

cells.



= 20 The advantages of the invention are as follows. 13  The use of an FD-SOI type substrate
associated with a back gate for each transistor makes it possible to modulate the apparent size of the
transistors, in order to obtain secured reading, easy writing and a standby mode with leaks minimized.
Moreover, the FD-SOI substrate can be used to form non-doped channel transistors 5 thus eliminating
the variability brought about by the random distribution of the doping. This makes it possible to use
transistors of minimal size without compromising the stability of the memaory cell. The present
invention adapts the ratios to the operating mode and therefore improves the margins in each of the
modes without compromising the correct operation of the other 10modes.  Also, the action is done
in rows (parallel to the word line WL, all the cells activated on this WL) and therefore does not disturb
the other cells of the column.  All these provisions regkewé possible to further reduce the dimensions
of the transistors and therefore of the cell. 15It goes wit saying that the examples that have just
been given are purely particular illustrations and do not in any way limit the fields of application of the
invention.  Thus, &RAMeyneryeredhceet atsopopieate in a so-called "sub-threshold” mode (or

"subthreshold condyctignsaagibinowhichithe Rov@EsplYYeligdse MDDi_:hs |€§Scﬂh§élﬁ58nﬁlﬁﬁ§zh0|d
voltages. Z0This tyn%a?éreeuésa%teaw'%Q@&&Bg@avem'eyvanwag fh The SRAM cell

according to the present mventlon operates with owers ‘t%% volta ‘ﬁt are Io rthan for

the existing "sub-thraSHEIRSH8IR T 48 mERAPLE n%‘é(ﬁe%c s%?BPé%Sr?eﬁjCe f e%‘l?e fiRitages
and the voltage VD Eﬁﬁé@éﬁﬁ@rﬂ‘?h@%%@‘@ chrentsaaniseien redieedr %&%ﬂrém@)ﬁ%ﬁmf%éﬁectlvely
than in existing 25cebdadubiol L:AMMSois SRAM type marmonpee|ircenypsistéagh afsemicondtortaf dn

insulator substrate MY, ﬁ’th@Jl%@é@{cﬁ%@%ﬁ%é@ﬁ@@!@@%ﬁ{%M%Qaﬁ%
substrate (2) by an | S“'at (eBx e@ﬁggygéé Sé’ééﬁ%@%ét? (5 gl ShFRMRISINg bw twﬁaa}l%cﬁgﬁ%a%swfs

(Ti, 14), two conduc?lon sors and two charge tranS|stors 1? T arranged so as to form

with said conduchorﬁ@a?r‘%?éf‘@r@t(‘?’? t“r%ﬂ%*%é@k coupled inverters, each of the transistors (Ti-T6)
comprising a deaifh regjiemy(B5llabring sbareetesgish i(Shalreatiedf ieneatsintgien (1) T8 cHsnh @)
extending betweatdhg:goBGe, regianddhetnsainse giostand (@) frerigate (tapsiiuateshaowectdhe

channel (C), sajd memery 8&3‘&Pe%&ma{@%@rtﬁ%@ﬂ%ﬂ%@%ﬂ%@%@@%ﬁterﬁr&taaZ@)ngaaeback

control gate (BGl B%@ mogtjt?rei %ee %qura}ehggctéglg tﬂgs han g%‘(j %néjfast{l %nl%e biased
in order td odiffA t res"h Of the transIstor. a firs bac

and a secend back gate llne cennectmg the back ‘control gates 0 the conduction iransistors
(T2, T5) and charge transistors (T3, T6) to a second potential, the first and second potentials
heing modulated according to the type of cell control operation.

20 2. Memory cell according to Claim 1, characterized in that the access transistors (T1, T4)
and conduction transistors (T2, T5) are NFET transistors, the charge transistors (13, T6) are
PFET transistors, and in that the back control gate {BG1) of the access transistors (T1, T4) is
of N+ conductivity and the back control gate (BG2) of the conduction transistors (T2, T5) and
charge fransistors (T3, T6) is of N+ conductivity.

25
3. Memory cell according to either of Claims 1 and 2, characterized in that the back control
gate (BG2) of the conduction transistors (T2, T5} and charge transistors (T3, T6) is arranged
in the base substrate (2} below the channel (C) in a well {5} of conductivity opposite fo the
conductivity of the back control gate (BG2).

30

4.  Memory cell according to one of Claims 1 to 4, characterized in that it is fully depieted.

5 Memory array comprising a plurality of SRAM cells according to one of Claims 1 to 4,
characterized in that the channei of each of the transistors (T1-T86) has a minimal physical



15 connecting the back control gates (BG1) of the access transistors (Ti, T4) to a first potential and a
second back gate line connecting the back control gates of the conduction transistors (T2, T5) and
charge transistors (T3, T6) to a second potential, the first and second potentials being modulated
according to the type of cell control operation. 202.Memory cell according to Claim 1, characterized in
that the access transistors (T1, 14) and conduction transistors (T2, T5) are NFET transistors, the
charge transistors (13, T6) are PFET transistors, and in that the back control gate (BG1) of the access
transistors (Ti, T4) is of N+ conductivity and the back control gate (BG2) of the conduction transistors
(T2, T5) and charge transistors (T3, 16) is of N+ condusétivity. 25 3. Memory cell according to either of
Claims 1 and 2, characterized in that the back control gate (BG2) of the conduction transistors (T2, 15)
and charge transistors (T3, T6) is arranged in the base substrate (2) below the channel (C) in a well
(5) of conductiVit§bBPRAY APRAESH ARG SPEHRE AR Ry é‘&x@%@&?ﬁj’.f‘éﬁ 2PRREHOIS) LE
according to orrecf@riphgatet (B ‘clhéractbspedangiierit is fully depleted. 15 width but has an
apparent width that can be modulated by the application of a potential to the back control gate (BG1,
BG2) of said trgnsisipuingMethosof fakricating anSRANY RemeBem Lol assording:taddaiagl

characterizsed 5i thta# it comprises épee Ssterg_ps of: providing said semiconductor on insulator substrate
comprising said thif |I(r:ﬁ”(1ﬂ O?SSGmICanCﬁJCtOI’ material separated from the base substrate (2? b¥ said
insulating (BOX) layer, fiPHiao0sk SHiEHIYatesBinst iaies syhtipe pAER SRR DBy (1) ©
implantation. 10 7,Metheenutoahetllingrmempaetal farcdidingte esrfsttitCI@iney bag 4)strdirgcterized

in that a so-called "high'{positi¥gevoltage and a so-called "low" positive or zero voltage less than the

high voltage is defined tp bias, e bask Gpaal Aas ¥BS 1 BE2LSY (0B FARSSIBrSHHiad loand in

that, according to the type of cell control operation, a high voltage or a low voltage 15is dynamically

applied to'fhe back control gate (BG 1, BG2) of the transistors (T1-T6). 8.Method according to Claim 7,

characterized iA thaVgtEeRFeEEOIBI192 S08AYHY GHSRREHNY R P iciiBh bic1FNar8REgEes the back

control gate (BG4 0fdchelrcchis tavwistorsi@hie F4J and-telthe "baclpesitecgaie (BIGRE tfsthiban

g?n_d uct;on t(;areﬁéshmgﬁ {($ragkd} %@%Eb%gﬁa%QH@%];@&b%tﬁEﬁgéﬁ@s)-(@(M?ﬁ@ﬂ acedingsiasritier-of
aims 7 an racter nthatit c es, ration, [

voltage to the%ra kgggﬁ%rg%g%éc?ga@ %;Oo%%%}%c?e%%%r#gs@%ég g%giﬂ“r%@%gﬂgog%&:é %ﬁ\%?lggéte&%gt%lve back

control gaté (BE&3Y S HRENGHAIEH IR DS HAHSTSIEIY BRY PS5 afF S %{rtﬁg E%é?ﬁ%r%ﬁ? 6). 10.

Method according to one of Claims 7 to 9, characterized in that it comprises, for a write operation, the
application of ashighwatiagecto:theghackatarmrohgatee(Beli) tidhecaegessdrans starsitf ppbddtand a low

voltage to the hack canbiRl0&te (3PdiRbie aneualionBotarsigians f helRkandehargs-dransistors
(T3, T6). T4) and to the back control gate (BG2) of the conduction transistors (T2, T5) and charge
20 iransistors (73, T6).

9. Method according to either of Claims 7 and 8, characterized in that it comprises, for a

read operation, the application of a low voltage to the back control gate {BG1) of the access

transistors (T1, T4} and a high voltage to the back control gate (BG2) of the conduction
25 transistors (T2, T5) and charge transistors (T3, TG).

10. Method according to one of Claims 7 to 9, characterized in that it comprises, for a write

operation, the application of a high voltage o the back control gate (BG1) of the access

transisters (T1, T4) and a low voltage to the back control gate (BG2) of the conduction
30  transistors (T2, T5) and charge transistors (T3, T6).



