1 SRAM-4YPE MEMORY CELL FIELD OF THE INVENTION The present invention relates to an
SRAM,typgmemory 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 reghigfiofvigsutsunaweaater variability, which means that
the dimensions of the transistors must not be reduced too much, and the read and write components
must be separated in order to find an operating point. 15This may entail increasing the number of
transistors (thus inEIERBIRF Fofm BYEBTINeven 10 transistors), with an attendant penalty in terms of
surface area.  MDieeversrameaehiotk 'dppe substeas)thedrarsistgrsehivadifferestdigreasidos,

depending on jheie fastionwithintbe sall(dransierapbiakgs, conduction). Authors have proposed
using FD-S01 type transistors (an acronym standing for "Fully-20Depleted SOI", which describes a

fully depleted structure produced on a silicon on insulator substrate) comprising a back control gate.
Referencéin this r ?WWHSJ@E‘%HJEH%MM by Yamaoka et al. ("SRAM Circuit With
Expanded OperatisiRMargHatinRRedocédcstardeByri e ik aneTipre selS s SR BO X ETRST1
Transistors”, |EEEEsJoutahehSalidiSiade Cairestitse\pelicti; Nockhindlov. 25 2006) and by Tsuchiya at al.
(‘Silicon on Thin BQX; A New. Pasadian. ot the, CMOSEET, (g awsBewer and High-Performance
Application Featuring Wide-Range Back-Bias Control", IEEE 2004). A conventional SR | typically
comprises six trandiStGPE" ﬂ&%%f:n s %Ptﬁbsahé}c‘f\’e?sr%r%gﬁé?e?' F}aﬁfs%?o?@rstﬁgih %‘?’e%%négéaelly N
channel fiéld-éfRteatiadsiteesIS0(NFETS), - two charge transistors and two conduction transistors,
linked in pairs so agte:fosm IRANMaek-colaptedinyentersuthewinae. tiemsistorsdacéoinreseitsyn P
channel FET taosistQrsidRirl Tianehihacondyelionmbiansistor sy e MEEDr ansistatse reducd the

e o e BICaon 1, AR AU JRIEVAIED 1 (R S RS aif el 10

control the operating conditions of the transistors more accurate The back control gate is a
doped region ffifted under each transistor, each group of transistors and the underlying gate
correspongling to afiié+neaPertgiberistaatbeiagimtiaridioNseie StherdpasnediRg S (Shallow
Trench Isolatien 10 trabRlssoriy), antiSAMeaelntbenRIET tiansistansdoelarg.to one and the same
island, \_/vhille) 5th_eI I\Lﬁffg'oyeq’n%ﬁt%gs .gaﬁ(g @HQeQJggtpggs &?&%ﬁsgﬁi@'%é M@nwfgiag@nsisaors
respectively) in islands separated by the P regio ractice, these two N regions are linked together
at the peripher’f/ecp\%d{%gtﬂ%ta?ﬁegrj?é%élcn)r‘?gﬁgp t%% %%lrgu{éa%ﬁeer’f%%tﬁg ot %drugg Ufnns. The same_applies for

the P region. ARIBPIR RAENPIEPRERTSHBRST Bha o il B RSIRRY I HE R YBhEIBP YA FtHPY type,
and is 10sepaizxet o Bahevitypecbeaiees aldsthatz bsted |ayertaeN ok e Bty SHeptve MeRaiRhel

transistors, theyrggiemefeuningnednek contiolgate is of N+ type.

Reference in this respect can be made to the publications by Yamaoka et 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 ef al. {"Silicon on Thin BOX: A New Paradigm of the CMOSFET for
Low-Power and High-Performance Application Featuring Wide-Range Back-Bias Control’,
IEEE 2004).

A conventional SRAM cell typically comprises six fransistors, namely.

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

3¢ {NFETs),

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

in the abovementioned publications, the back control gate, which is formed under the

35 insulator, is used to control the operating conditions of the transistors more accurately.



The article by Yamaoka at a/. 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 at al. describes N access transistors and N €onduction transistors having the same back
control gate such that their ratio remains Constant regardless of the operating mode, thereby limiting
the margin for impreyement for, 26the.various funelionalimadesinde Researsisidhassioradosused on
obviating the drawbacks of the exjsting devices and furthe rerqmrcljg Hle digniglgsi(?ggrcgf Etrp%;&%RdA\M-type
memory ceIIs,%@ﬁgt%S@SHfW?gﬁéﬂ% & NMSBFEE RS, Whifte Improving the performance levels of such
cells. 30BRIEFDESERPFIONCRIFH S INVERA RN KEE0/aR7$8 4 first aspect of the invention, there
is provided an SRAM:uy/pe maRaky csll tenpriSingnassemicdmduictoroardstatemsubstratehile
lcompfisin%_a thig flrrefsemicoaducterdnaterial ﬁ%@t@esfgqmr@eg%@e@@b@gﬁagbynanaﬁﬁ@baﬂng
ayer; six transistors,.comprising tw: ess transistors, two conduction transistors and two
35charge trané?sﬁ%%é%%&%%lg ns% as%ptef‘)r %%n%ﬁ 'ﬁ? lE};{i(taglg,g%)ﬁ)hduction transistors two back- 3 cqupled
inverters, each of the RFAHSRtHIEEMPASTRE A arain FRETEHSREE SOUrEPPEGIHY AP FnGeda Tt thin
film, a channelregitendirtysbemeondlier Sourteregionendrtheadrarprrégidar AMdFara@at gate situated
above the channel,sqigl ergRely-aallshei)aehatasianzedd inthps coeihelithedransistotgpbasia bback

control g3tg foyned jp e hasesybstiate belaplbe chanaskand ablecioihe biased to modulate the

threshold voltage of the transistor, a first aclg[g%ate line connecting the b%ck ntrol s of the

b C t
access transistors to°Afifst FOTARGAIARE 8 SeEra AL AR fie"eshired i%él??]eet%%fgk& c%ﬁ%rol gates of
the conduction tran3rg@EdEnavCrRIFge R H5BES RS 2 SebaricpoiehBal A9 MYt AhHeéEdRtPRtentials
being modulatedracaerdingith the by petaicathdantratioperatioreté\coordimgitoendsoeimeans ththe
invention: - the acressiignsisters-angd-condudtiantragsistors are NFET transistors, the charge
transistors are PRET fransistors;.the back control gate of. the access 1 istors i + ctivity
and the batk c:ontrolf}gﬁaet'ea rg E[%%ngﬁl E’gﬁoerf ?r@lghsaisgt%ﬁfgsgﬁr %%%{%gseﬁtgr\é%%:%gﬁsﬁgsr{g?%g g(‘)ﬁ%glﬂ%vity;
- the back contBsPste e RS FRIUIIBIT QMR Sh I 2miFge HahSstORSSIR RIS (S Hhse
substrate belowdherchasretdanialwelt of conductivity opposite to the conductivity of the back control

gate; - the memory ggllisdully depleteshiAccardingdr acseeoaeiaspest ofdhe -isvention) thsre is
provided a meqﬂgﬁ%ﬁgﬁqu%ﬂaiggngrplurality of memory cells as described hereinabove, in which
of t i '

the channel of eac e transistors has a gl @ﬁsic | width bu? h%% asnngppa%%rrlt r\{\éi t@ﬁt!g%{t) can be
modulated’by the apfiiEg¥En BF & 5B

(o @Sﬁt?olwgea{ e SF 2aId transistor. ccord?ng toa
third aspect of the avefitiomatrsre is provided a method of fabricating an SRAM- type memory cell as
described above, carapesingpthetistepsiof by Yamaoka ef al. describes N access transistors and N

conduction transistors having the same back control gate such that their ratio remains
constant regardiess of the operating mode, thereby limiting the margin for improvement for
25 the various functional modes.
Research is therefore focused on obviating the drawbacks of the existing devices and
further reducing the dimensions of the SRAM-type mamory cells, so as to conform roughiy to
Moore's law, while improving the performance levels of such cells.

30 BRIEF DESCRIPTION OF THE INVENTION
According to a first aspect of the invention, there is provided an SRAM-type memory cell comprising:
- a semiconductor on insulator 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 transistors and two
35 charge transistors arranged so as to form with said conduction transistors wo back-



providing said semiconductor on insulator substrate comprising said thin film of semiconductor
material separated from the base substrate by said igsulating layer, forming back control gates in the
base substrate by implantation. According to a fourth aspect of the invention, there is provided a
method of controlling a memory cell as described above, characterized in that a so-called "high”
positive voltage apglgis@walleds’|ewéhpositivesatizere aottageressithanrdhehigh voltage isdefined to
bias the back control gates, of theframsistars-andindhats asspeding o dhadypephcaliaantieh

operation, a high voltage or a low voltage is dynamically applied to the back control gate of the
transistors. Accordf§ftFRhidErsaREBrte Ve Mfcha it comprises, for a standby operation, the
application ofaidauevenagd ferife BRcRAETTREI hHtal GrANechf e §STRTIRISIORE ArMET6 IPRIBSE T ontrol
gate of the cemehsgtion:transisioiscandicharige transisions] anit edmprses, feredreachopesttithe, the
ahpplki)catlion 0?@%%&9‘%@%5&& Ehd@ 9&%&&%%%&%@%&1%ce@&semrgstago@m@rhi@a;y@mage_ to
the back control gate of the .conduction transistors istors, - i e write
operation, théngp%ﬁgg?igﬁ ﬂéf%oﬁslgﬁ \a/otll%e?it{]got%r}tﬂ% %%ﬁ;% c%c?r%gr%ﬁ §§§e§ §f§ %zwggcgggégt{%gr?s@?o%%nd a low

voltage to thE BTk BRE 6f HReTTt CoHalRRBIFRIITEHRS ARG ERER SRR T BRIEE
DESCRIPTIGIN@Ft EEHE D RAWINS Seing Otitafaleateres dingtadvaiterekost tratmiertishonill emerge

from the following geiaiad deserinptiorawithiteferengsnto the appended drawings in which:

Figure 1 s a circuit tﬂhiﬁa%%@%s%a—ns%é'\é&@'k&ﬁ&f&%@%ﬂ&@%#@%@ti@@ﬁa%g%%,iHHétseéeg%,the
topology of the SRAM cell, Figure 3 is a view |récross section on é—A of the c?ll illustrated ,\ﬁlgure 2;
|

Figure 4 is aV%W?W@rgé%-ggcﬁoﬁagﬁ%‘?@b% IR B iR FGUAS 26

_ gure gare Olfﬁuéirg es the
topology of ancBRANMiIEIaY terhpeisipr) EobRFEIRY) D cendudes i & th S TRVETRIgh T2TREIYErE 6
illustrates thegmedadities:eentrolling the threshold voltage of a transistor by virtue of the back control
gate. DETAILED DESGRIPTION, Q&d HEINVENTION-Stishie.af the: SR AM Golr2BRigHgsk shows

the circuit diagram corresponding to an SRAM-type memaory cell according to the 'Hg}v%}\t' Ny fhe
memory cell é%?ﬂ%ﬁéé% %@i%%}es?s ore thf%g?e}/v%oao\??ﬂ]eoé)eé rnaHglgt!Prso %%Sg?:égés trané%stgrépTi and
T4. The #fdhsistersTNEh82T4 are produced on a semiconductor on insulator substrate and

30each of the transistors:has adttonfujatee@edrd a back control gate BG1 that can be controlled
According to a second aspect of the invention, there is provided a memory array comprising a
plurality of memory cells as described hereinabove, in which the channel of each of the transistors has a
minimal physical width but has an apparent widih that can be modulated by the application of a potential
to the back control gate of said transistor.
According to a third aspect of the invention, there is provided a method of fabricating an SRAM-
type memory cell as described above, comprising the steps of!
- oroviding said semiconductor on insulator subsirate comprising said thin film of
‘semiconductor material separated from the base substrate by said insuiating layer,
forming back control gates in the base substrate by implantation.

According to a fourth aspect of the invention, there is provided a method of contreliing & memory
celi as described above, characterized in that a so-called “high” positive voltage and a so-called “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 embodiments of the invention:



to modify the behaviour of the transistor. Preferably a back gate fine is used to collectively connect the
back control gate BG1 of the two access transistors Ti, T4 to one and the same potential, which makes
it possible to provide easy and inexpensive control, but it is also possible for each of the back
gates to be 35individually connected to a potential. The front gate G of each of the access transistors
Tiand T4 is linked to a word line WL.  Moreover, a drain electrode of each of the access transistors
Tiand 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 T3, T6
and a conduction transistor T2, T5 in series between 3 power supply voltage VDD and ground GND.
Each inverter has an input consisting of the front gates common to the series transistors, and an
EUtF:(Ut Conls’izti_rlg&H%é&%%&%%&g%,%é%gﬁ%ﬁﬁQﬁa low 8@ YaHE i &t ontrol ]

ack-coupled in a manner conventiopally known per se, the input ne. inverter hej o the
output of the St r&a%ﬁ ?/?Egsﬁe%%?‘i%ﬁ \)}%/Ll-ﬁj g?sgfgaﬁ%t%%thﬁég%%llﬁeg{r?éeacgggggtht?g?l%@%?ggr%%%d T4,
the transistorsSTP 9T §amsiEkr% T6 have, in addition to a front gate G, a back control gate BG2.
Preferably, a bé#ckogatsdinéisaused apecaliwctivespobraicotciel baekicaatioltabesBarefatea of
transistorg T2E3 ad@@nGFRitbrneand thgsamegotential, whichconakegiipagsible dongrotitde easy
and inexpensi%{gng%@g[gli“%uctﬂglj&eaﬁgs%qgélble for each of the back gates to be 15connected

separately to a potential. . Préferably, the back contrgl gates BG1 and BG2 are independent from
and not connected Rl $he YGUrees ¥ ecfaéipeﬁh%%fa PI%.%%FS%PS? %5&6‘.’%‘%@%&%&853 %p%#]e%)ftj ,a%ﬁe
control back gatessB&tesad8GHBare fitepdatierR!iRgm thé ek PR WEitage BBCRAEERBuNd
GND, and canhesgf@nymanehafa contisioaus range of values, for example VDD/2 or 20VDD/3.  The
access trgnsistors Ti, T4 are used to control access to the back-coupled inverters during the memory

cell's read and Wﬂt&g&&r@%i Tlgnﬁop@ﬁgqh%of each access transistor Ti, T4 is thus
tput o

connected to the ou one o?the Inverters and to the input of the other inverthr. 25F¥ur

illustrates the topoI@bBS‘?rofPﬁ%%r?ﬁ)ﬁ%B%WWQ%QHBWWEW%W@?@%EéF%@sfgee&? SHBR & i% the cell
illustrated in Figpseeirtion, withersfélicforuio firsteonatied cowdsapanyiBiel: Ti (the explanations given being
valid for the second acqegsdransistvefidiagram of AhSRaMicandotongitsulatentenbstrate comprises

a thin film 4 of semicongducian3pnateralsenislsdbiiRMskRAsg pubstrate 2 by an insulating layer.
The semiconductor on gwsula I substrate isé for eiﬁamglg_,AagitlicoC%iPﬂ intﬂl&g?r ﬁqllrggbstrate.
According to a preferre Rhbodiment! fﬁgrﬁ]ésuﬁg moﬁ ayer Is a urled_‘ Oxide E) “layer. The insulating
layer is, for example, mEEEBFSIEY ey 1 crase-ReSs e PrPisTAre R E BRI F WA has a source
region S, a drain regionFidwand dlflsizing teanpgbgy extendiRgeteyerrthiisoareeksgivncanelithe drain
region.  Thegdrainik) aNASENERRoR; regions are preferentially in contact with the insulating BOX layer
S0 that thgetranSISto_r IS Eﬂé‘é{rg%mﬁéﬁgzem‘?e%%éﬁﬂé% h%ﬁngmn%%ﬁgf{ﬁ%%i'a: \Bkt%@—:luof a transistor by

virtue of the back control gate.

DETAILED DESCRIPTION OF THE INVENTION
Structure of the SRAM cell
25 Figure 1 shows the circuit diagram corresponding to an SRAM-type memory cell

according to the invention.

The memory cell comprises six transistors T1 to T6.

Two of these transistors are access transistors T1 and T4.

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

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

Preferably a back gate line is used to 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 control, but it is also possible for each of the back gates to be

35  individually connected tc a potential.



5 It is also possible for the transistor to be partially depleted, but this technology is less advantageous
because the thicknesses of the thin film of semiconductor material and of the insulating layer are
greater, so that the effect of the back control gate becomes very weak Oust a few %); furthermore, in
this case, the channel must be doped, which corresponds to a situation comparable to that of the bulk
substrate in terms of variability. 10The 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 BG1 of the transistor Ti is arranged in the base
substrate 2 under the insulating BOX layer facing the thannel C of said transistor. 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 ragiond3,a0e & foglno el oxiRnding Petweeh L sass a%gaqm@m the drain

region.  The drain D and source S regions are preferentially in contaﬁ%t W|th OX layer

afing
so that the transstMDf?%‘i’IS/%gﬁ'@t%‘SC R A Y AiE e US IS érﬁqg o'ﬁ\)e ftioiSalS known
per se on the @iﬁféﬁfé)@ﬁwéfﬁkﬂs&fﬁt@%ﬁb@é"tﬁé%ﬁ%%’ﬂ@e@ﬁﬁp@§§®Bﬁd¥@?ﬁhbrefrom by a dielectric
layer 3. In the qietexdnadrthesinfeihtiono ke backvoomiroiegatedBiGeofptiinty ansistge Ti2nsideranged in
the base substatesZHden hednsHaiRgEAX Faw éa@@ggamﬁe@hm&ﬁpwmaw@mam

e BRI B L A REL R (IS e

source reglon a draln I;Hflon ating channe exten %5 etween the source region and

the drain reglérr?”s'smfﬁhé‘ é‘fhoﬁt%tﬁ&%iﬁg@g A R ECE P BTERE PR ARy TH BoRAERAEh the insulating
BOX layer so that fHeteaingistersigréuligcieploted rBa Altentanoskenienelp ined piceetl e rtafSistors
T2, T3, T5 andnEGrvan<alsalegipadiallindepisted: the diher fematviatess£xtends in a manner

conventigpally knowuﬁ%ﬁs%eo@%kb% ifage %é%@é&sm@st@gow zm@ thanpelsigifkisseparated
therefrom by arglelgc[tg(é yer 3ddmon iln the rongon{éa)ét of th |nv ilon ack control gate BG2 of the

i
transistor 13 is affangedin the Hase substrate und‘er?ﬁe ingulating layer facing the channel C

of said transistor. Prefe}i@ob%i @Péﬁflﬂ@@tl‘“d‘ﬁv‘é é%ﬂﬂ%l@”ﬁ?é“fﬂﬁbﬁﬂ@é%%?%@aﬁr??ﬂ?f?'lgﬁferﬁ@@
semiconductopfdheShassilsitos S20Bdte dschEdieemeBiEiing amdasriantahe tisicRiréss bbdseiliesialating

BOX layer is hgbwaer dsp adRAAbive e, back contwbgadivlisiooidenhavrsaryidlftesensiabworking
function, f coQgH&g&% Q(;F}Q]%t ter utgﬁngposen to be of the same type as that of the FET transistor
(in other words, an gp%'lcongﬁctlv for a cl ar‘gk(]—:'1 trags&{gr | Pt ((% C%ugztlwty fo a?

)e e 1 fe ideal situatio

O
channel 10transistor mlnlmlzet ?eak gecurrents’in’s ion would

be to have a t6prasp&d P@&POW%FH’F%F%POE%PE‘BH%é‘ﬁt?%?ﬁ“éﬁtBTsaTéJr?d Img%Fﬂ%EBP@PEE’E’eFOaHﬁ of the
opposite type torthiat bickagtiasfhe arahBistars, mddnendertdiidinetieansistossipbipwetvege tHxd wadild

require the forgpalinanDihsae eiffexest Rack-eositeotgrivsouneaigther lalmemenycelipwivich/weuld have
the |mm%|at%g§§t of increasing the surface area of the cell by around 50% or more, because it

would then be necessary to reconnect the back control gates |nd|V|dual%|n each cell. Since the

desired aim is to mIRARZEHTBNNERGS oh of AR BT TCOAIER TS iRt B RV LG ANE 8 of the
SRAM cell, théutiegstrgppeopiatetradedcintasitheperfaien®0been defined. Thus, the access transistors
Ti and T4 are NFETHsansistosswitdadiaskcanised gateistor T1, T4 is thus connected to the output of

one of the inverters and {o the input of the other inverter.
25 Figure 2 illustrates the topology of the corresponding memory cell.
Figure 3 is a cross section on A-A of the cell iliustraied in Figure 2.
We wili focus first on the access transistor T1 (the explanations given being valid for the
second access transistor T4).
The semiconductor on insulator substrate comprises a thin film 1 of semiconductor
30  material separated from a base subsirate 2 by an insulaiing layer.
The semiconductor on insulator substrate is, for example, a silicon on insuiator SOI
substrate.
According to a preferred embodiment, the insulating layer is a Buried Oxide BOX layer.
The insulating layer is, for example, made of Si0;,



BG1 of N+ type. The conduction transistors T2 and T5 are NFET transistors with a back control gate
BG2 of N+ type. 25The charge transistors T3 and T6 are PFET transistors with a back control gate
BG2 of 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 |solat|ﬁg the back control gate from the well and from
the back control gate BG2. The invention also relates to a memory array comprising a plurality of

SRAM cells as deﬂ@ﬁ%@@%\é@rﬁ&%ﬂ ﬁ&@ffﬁé{d&g{mw&ﬁ% BigMiR b ATawisiRtagRized in rows

and columns. SBy convention, the row is represente the direction r1‘gft e word line WL (in the case

of this inventiG%itilogINg FIEHFb G Rte P icopLge R ?rocfu St BE2% rAnSIStore T2, T3, T5 and

T6), which is horizGheaPIAIE @RS SWHFeIHRABIBRE %’Qf?iﬁ@‘@ﬂféﬁtﬁﬂﬁ‘%ﬁﬁ@% f‘ﬁrﬁ’é@@b’ﬁsﬁ@%g of
metal), which iapenertiealtifnoteshictwnisriufigiag<dyd TTe anzgraensphse surtifishay faWS@hd columns as

the application VQQHif@%is%%@s@?@&ﬁﬁ&f@fﬂﬁi%niélb!ﬁ[ﬂi@é' oheamesepricelishaveiergiciasdeature of
having back cgp ﬁ;agg dfe%g"%‘% BHknedl1E BRELS SRRIHRHARE AGA Al Mg TSIp fggoded on

the one hand ssing (as e Wor line W g and on the other T’ Té/ the Waerakng
mode (read or’Wif’éTngeaﬁ%leéfﬁﬁtﬁﬂ Yt o S0 15 RE R HRL SBE tPERRTLES LS th¥&iSIands |
(see figure 5).(Theaistants Fefesimikesd itotiaivesau it EiRBNCEINBS BfedRaF aWhichTRErREPBRdRIEtivity of
the back contrgigate Béaibisaproessaryftbavaicstheifarmatomobivdiaddtand thus allow biasing

directly upgler the tﬁ%%mr &QM%BH&%QH@DH%@%%MMW pzh@%RAMsgﬁﬂdg fpbricated by
the usual method {a ggln t E‘uéigﬁgng% a(?ve at%c%p/%@r}omﬁerefr M éte g% te mgthod is described,

for example, in cth EWOIK entitle al Integr |rCU|t?¥eS| n: Analysis and

Design" by S.M. Ké‘hér@nﬂo?te%%ﬁ?@df&‘feﬂ%@rg‘\ﬁ IQﬂFLPGBﬂgﬂl rﬂfféquQleQ\f/ %rﬁrﬁwstﬁbé ¥he
levels situatecauraoigediretirsidatingbBEN¢ Ryederthalntorated BOXnmperiesitnthe sharsifing ehesptoperties
of the transistetsekthie SRAM cell In the context of the invention, the back control gates BG1

and BG2,are used Q%/Q:%W'%uybéhgeémlm%gﬁp@lbeqﬁ@ themdis efiectivelyipeduiairitaccakdingto the

type of Ce 30?‘22&2{50101" al lr(];h Srgealg a go&rec% %e‘%’arc';tne)s a drain region D and a floating channel C

exiending beiween 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.

20 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 tayer 3.

n the context of the invention, the back control gate BG2 of the transisior T2 is
arranged in the base substrate 2 under the insulating BOX layer facing the channel C of said
transistor.

25 Referring to Figure 4, the transistor 73 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 region.

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

30 Alternatively, as explained above, the transistors T2, T3, 75 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 separaied therefrom by a dielectric layer 3.



By biasing the back control gate of each transistor positively or negatively (typically by +/- 0.3 V), the
properties of the transistor can be modified individually. In particular, the threshold voltage of the
transistor can be offset. As it happens, modifying the threshold voltage is equivalent to
modifying the physical; 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 thé 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

= V10 CLVBG, in whigh Vil represents ihe.thresnoid yaltage,of e aasisipiny BGtha yofage applied
to 10 the back gate, Vio the nominal thresho voltadqé(]gt %gwhlch é%n be offset ﬂ}'%ﬁ‘%%ﬁn‘% fupction
; | e

, hold
depending ondWARREI MR RPEPBSHRTE B2 AL ERHOF JAETLGSRHS SMe £ t8'%he

geometry of th@rei@istor. The coefficient a can in particular be modelled according to the relation:
3.1a =3. +310,2 15 whicbhiwiostesignatas tieethel thiness obttiedaitefitielecttie Isgreicsepartating the

front gatefrom) thechamngl{0x2-derignatesihethisknessefitheosyRting layerisg paRlingthe back
control gate frgrg%tgleen qf‘@gn{%gg%tsi designates the thickness of the thin film. It will therefore be
: : \

understood tha? e tﬁge o) doplirf% of the back control gate of a transistor may or may not offset the

nominal threshold dR&gacikreniiehetie bigiify 6y e OB BB ga i KR & it MY @ adjust

the threshold tsitiatier Wilsothosoperssitie t bersefdigps an indrebibe TEthbasRELHOARYIMERION in an
active state ofdhestransistan(byreducing thentmesheldssattage) and adeiluationfof the leakage current
'OFF in ap inatpgiygsgﬂte of the transistor (by increasing the threshold voltage). The threshold voltages

can then be reduced by applying fo e back control gate a 25vallagg Ingl s pesil (or AN dransistor
and less than VDD POI’ a ransistor. € invention I1s Nat, moréover, limited to the use of'a zero or

positive back BolRRFIYARE FoiRYth it 4R EaReRtBRR 068'8rH 280 BF negaRdE LMK thiiffol gate
voltage. The caefficiehtre tetwasesarapidiy rsrsidre. silicondend!B@Xahitkassses are too great. For

example, consider @oWispf Bisodidesyiisiinis BatadRNomkn gif R 0aR Rrth Yok SOtae shold
voltage Vlt‘fl Ofrge%}ﬁ'yisc&mﬁmaﬂwould have the immediate effect of increasing the surface area of the cell
by around 50% or more, because it would then be necessary to reconnect the back controi
gates individually in each ceil.
Since the desired aim is fc minimize the dimension of the transistors in order to
minimize the sutface area of the SRAM cell, the most appropriate trade-off has therefore
20 been defined.
Thus, the access transistors T1 and T4 are NFET transistors with a back conirol gaie
BG1 of N+ type.
The condugction transistors T2 and T5 are NFET transistors with a back controt gate
BG2Z of N+ type.
25 The charge fransistors T3 and T6 are PFET transistors with a back controi gate BG2 of
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 10 the bias of
the P- substrate, the substrate 2 comprising the regions 4, b and 6.
30 The 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 beiween the back confrol gate and the well is always reversed, the diode isclating the
back controf gate from the well and from the back control gate BG2,



If an operating mode requires the threshold voltage Vth 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. 10 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, facin% 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 contra},gatehniion alkBGJANAMING @M@W@awuxmmaz'sgﬁmﬁt Igpshal hayalues of
ION can vary 10according to the technology between 100 pA/pm et 2000 pA/pm, the current 'OFF
possibly varyiﬁasﬁrétfﬁ%%tﬁ efA/pm et 30 nA/pm. The currents ON and IOFF are respectively
established at 150/20GmaaiR 15 Hsgpaiad in Figesbttom curve Gym represents the nominal
characteristic log(IDif¥ &)ayrisleratimezefféctoafsaataclitgomrol gate with working function and controlled at

0 V. This bottom cerveckbilsiiates theiinemassisitbe tyeseldveltagavdhareuwentis \cans I0FF

are respectively SRIARIANGS. A1 00 UL ABA SARRARITonirol B S IR LeRtope s the
nominal characteristic log(ID(VG) under the effect of a back control gate withoyt wo lé“lng{wnctlon and
controlled with 3 #5hiifta & LSRR EGE T B MRS SR AR & fﬂJEﬁgf%egtfﬁ%?et Getion' s the
threshold voltéefsisThesctimeias. ONPGn gt @e TxuplishEdi®8pectively at 200 gA/p.rn and 100
nA/p.m. It will thiie beaindenstzed dbatabyrbiasing thehaskctortepbietdoposifiirely or negatively, all
the spacggbetween the.bolton &V FandbionCxerrbiVesicARReRASIedaPX NS PRaguiRtingthe
threshold voltaggtg th%ér@&qisa%ogﬁag its characteristic currents lok and 'OFF. The invention allows a
reduction/incréase i the apparent width of the channel that 25becomes all the greater as the power
supply voltages betBBagiver gkt Rife@elitth ‘B&IBRaRtdrRus4ioR HONRAITBRY. € 1t wil
be noted in thisdresidm thafehth eaeddifinghEé/te cindical tfieldtof thentberitio misrasigimasiefdiessecfuture
generations, elegdfonic components with lower and lower power supply voltages. The invention is thus
a priori of even morgiierest ik ing fitiyfe gengiations. 30 thetenow dpligws e iadrddpgaription of

the method of controlling the memory cell in the three operating modes: standby, write and read.

Standby modd9U™® &Y shown in the table below, in the standby mode, the access transistors Ti and T4
are blocked, which®gugesdhai/lardasetie Bidfideesel HBesrP o be disconnected. 11

The N+ conductivity of the back control gate BG1 is necessary to avoid the formation of
a diode and thus allow biasing directly under the transistor.
20 Method of fabricating 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 forrmed by implantation.
Controlling the properties of the transistors of the SRAM cell

tn the context of the invention, the back control gates BGY and BG2 are used
dynamically: the voitage applied to them is effectively modulated according to the type of celt
30  control operation (standby, read, write).
By biasing the back control gate of each transistor positively or negatively (typically by
+/- 0.3 V), the properties of the transistor can be modified individually.
in particular, the threshold voltage of the transistor can De offset.
As it happens, modifying the threshold voltage is equivalent to modifying the physical;
35  width of the channel.



The power supply voltage 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, V33 s applied to the back-control gate BG1 of 5the access
transistors Tiand T4.  The threshold voltage of the transistors Ti 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 ION and the
leakage current 'OFF are minimized (represented by the - sign in the table below). 10V332 denotes the
voltage applied to the back control gate BG2 of the transistors T2, T3, T5 and T6. In the standby
mode, the voltage V332 is reduced. For the NFET transistors T2 and T5, the leakage current is
reduced accordingly. For the PFET transistors T3 and T6, the leakage current may be higher;

however, in an Trangistardé Tanx(1dt ha iRfeRiahe RPN ORIOEHHR thai V3adinay dade
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 conirol of the back control gate.
Since the voltage 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 control gate can be
expressed by the formuia:
Vi = Vig =~ . Vag,
in which Vi, represents the threshold voltage of the transistor, Vg the voltage applied to
10 the back gate, Vi the nominal threshold voltage (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 geometry of the transistor.

The coefficient ¢ can in particular be modelled according o the relation:
3'roxi

I.Sﬁ + 3 'onZ

i

15 in which to designates the thickness of the gate dielectric layer separating the front
gate from the channel, t,. designates the thickness of the insulating tayer separating the
back control gate from the channel and tg designates the thickness of the thin film.

it will therefore be understood that the type of doping of the back control gaie of a
transistor may or may not offset the nominal threshold voltage, and that the biasing of the

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

It is thus possibie o benefit from an increase in the conduction current gy in an active
state of the transistor (by reducing the threshold voltage), and a reduction of the leakage
current logr in an inactive state of the transistor (by increasing the threshold voltage).

The threshold voltages can then be reduced by applying to the back control 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 posifive back control gate
voltage, but aiso exiends to the use of a zero or negative back control gate voltage.

The coefficient a decreases rapidly when the silicon and BOX thicknesses are {oo great.

For example, consider a Vi of 0.35 V, to which is added a working function of 0.15V: a

30 threshold voltage Vg, of 0.5V is obtained.

If an operating mode requires the threshold voitage 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.



DVDVVE331DV DV IoN ='OFF--= 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

10

It is obviously necessary to compensaie 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 dlustrates the control of the threshold voltage of a transistor produced on an
SOI (or, generically, semiconductor on insulating dielectric: SeOl) 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 central curve Cn represents an example of the nominal
characteristic log{in{Vs)) (transistor without back control gate).

The following values are only examples. It is clear that the vaiues of lgn can vary

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

The currents lon and lopr are respectively established at 150 uA/um and 5 nA/um.

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

15 ilfustrates the increase in the threshold voltage. The currents lon and lope are respectively
established at 100 uA/um and 200 pA/pm.

The top curve Cyr. represents the nominal characteristic log(ls(Ve) under the effect of a
back control gate without working function and controlled with a nominal power supply
voltage Vpp. This top curve illustrates the reduction in the threshold voltage. The currents oy

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

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

The invention aliows 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 ioer

H will be noted in this respect that the trend in the technical field of the invention is o
utilize, 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 controliing 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 {ransistors T1 and T4 are
blocked, which causes the inveriers of the bit iines BL1 and BL2 to be disconnecied.



ground GND. A low voltage V332 is maintained for the back control gate of the transistors T2, T3,
T5 and T6 forming the inverters. The NFET transistors T2 and 15 therefore remain weak, like
the PFET transistors 13 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 T4.  This causes the
threshold voltage of said transistors 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
weak inverters on the other, make it possible to pass easily from the bit lines to the memory cell, and

therefore to oroceed with a write Transistor Ti T2 T3 T4 T5 T6 State ON ON OFF ON OFF ON V802
DV DV 0V

The power supply voltage VDD is applied o 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, Vge. is applied to the back control gate BG1 of

5 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 resuit of this is that the conduction current loy and the leakage current log are
minimized {represented by the - sign in the table below).

10 Vaa2 denotes the voltage applied to the back control gate BG2 of the transistors T2, T3,
T5 and T6.

In the standby mode, the voltage Vag; is reduced.

For the NFET transistors T2 and T8, the leakage current is reduced accordingly.

For the PFET transistors T3 and T6, the leakage current may be higher; however, in an

15  SRAM cell, PFET transistors of low conductivity and little leakage are generally used.

Transistor T1 T2 T3 T4 T5 6
State OFF ON OFF OFF OFF ON
Voo aVv OV oV WY
Vg1 oV oV

lon - + = - + =

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 to the well 4 containing the

20  back control gate BG1; the well 5 containing the back control gate BG2 remains connected to
ground GND.
A low voltage Vgg: is maintained for the back control gate of the transistors T2, T3, T5
and T6 forming the inverters.
The NFET transistors T2 and T5 therefore remain weak, like the PFET transistors T3
25  and T6 which are weak by their construction.

The voltage of the well 4 is transmitied to the back control gate BG1 of the access
fransistors T1 and T4.

This causes the threshold voltage of said transistors to be reduced and therefore
causes them to he "boosted" (higher current loy).



DV V801 High High ION - +-1-'OFF Read 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 V802 (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 th?izr construction.

The conditions applied to the (powerful) access transistors on the one hand, and weak
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 T T2 T3 T4 15 T8

State ON ON OFF ON OFF ON

Vaas oV oV Y oV

Veas High High

lon ¥ - ++ + . ot

lorr + - = + - =
5 Read 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 Vg, (for example of the order of VDD) is applied to the back

10 control gate BG2 of the transistors T2, T3, T5 and T6 forming the inverters.

The NEET 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 T1 and T4, the voltage Vas: applied to the back
control gate is low.

15 The conditions applied to 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, while providing a read signal that is sufficient for detection
by a peripheral amplifier.

20

Transistor T T2 T3 T4 T5 T6
State ON ON OFF ON OFF ON
Vigs High High High High
Vigs oV oV

fon - + = - + =
|C)FF - ++ = - ++ E

The advantages of the invention are as foliows.




Regarding the access transistors Ti and T4, the voltage V801 applied to the back control gate is low.
15The conditions applied to 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,
while providing a read signal that is sufficient for detection by a peripheral amplifier. Transistor Ti T2
T3 T4 T5 T6 State ON ON OFF ON OFF ON VB02 High High High High V801 0 V

13

The use of an FD-S0! 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 wriling 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 10 use transistors of minimat size without compromising the stability of the
memory cell.

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

10 modes.

Also, the action is done in rows (parallel fo the word line WL, all the cells activated on
this WL) and therefore does nof disturb the other cells of the column,

4]l these provisions make it possibie to further reduce the dimensions of the transistors
and therefore of the cell.

15 It goes without saying that the exampies that have just been given are purely particuiar
dlustrations and do not in any way limit the fields of application of the invention.

Thus, the memory cell can also operate in a so-calied "sub-threshold” mode (or "sub-
threshold conduction mode") in which the power supply voltage VDD is iess than the
threshold voliages.

20 This type of cell is of particular benefit in very tow power applications.

The SRAM cell according to the present invention operates with power supply voltages
VDD that are iower 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

25 celis



OV ION- = ='0OFF- =-++ 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 df'minimal size without compromising the stability of
the memory cell. The present invention adapts the ratios to the operating mode and therefore
improves the margins in each of the modes Wi%E) } mpromising 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 make it

possibje to fugieradicrhe-Aimensigns:f the transistors and therefore of the cell.

- a semiconductor on insulator 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 transistors and two charge
transistors arranged so as io form with said conduction transistors two back-coupled inverters,
each of the transistors comprising a drain region and a source region arranged in the thin film, a
channel extending between the source region and the drain region and a front gate situated above
the channel,

said memory cell being characterized in that each of the transistors has a back control gate formed in the

base substrate below the channel and able to be biased in order to modulate the threshold voltage of the

transistor, a first back gate line connecting the back control gates of the access transistors to a first

potential and a second back gate line connecting the back control gates of the conduction transistors and

charge transistors to a second potential, the first and second potentials being modulated according to the

type of cell control operation,

2. Memory cell according to Claim 1, characterized in that the access transistors and conduction
transistors are NFET t{ransistors, the charge transistors are PFET transistors, and in that the back control
gate of the access transistors is of N+ conductivity and the back control gate of the conduction transistors

and charge transistors is of N+ conductivity.

3. Memory cell according to either of Claims 1 and 2, characterized in that 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.

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

5 Memory array comprising a plurality of SRAM cells according to one of Claims 1 to 4,

characterized in that the channel of each of the transistors has a minimal physical



151t goes without 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, the memory cell can also
operate in a so-called "sub-threshold" mode (or "subthreshold conduction mode") in which the power
supply voltage VDD is less than the threshold voltages. 20This type of cell 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 possibienteueduse thnthmeshaldivoliagesardithg voltage MR s lawenchhe! lsakagacyrients are
then regltlé% ga%pggggis?(%ly and more effectively than in existing 25cells. 14 CLAIMS 1. SRAM-type
memo%y cell’comprising: a semiconductor on insulator substrate comprising a thin film of
semiconductor material separated from a base substrate by an insulating layer; six transistors,
comprsing t%@ﬁ@%%ﬁ%&!ﬁﬁﬁs&ﬂ@&%%@ @@ﬁ&%&ﬁﬁiﬂ@@o@@iﬁﬁ%@ﬁﬁﬁ@&%&%&ﬁrﬁ_l%{£§‘Rged SO
as to form with said conc_iuctlon transistors two back-coupled inverters, each of the transistors
compAEIY A8 88 ®n and a source region arranged in the thin film, a channel extending between
the source region apcthéndraiidegioivaddecfrant gateasituaibetateoventhesclzanmel, teaidfiireory cell
being characterized,in ihat £ach of e Uansisiats NAs.ahack sapiral gatg formied in the base substrate
below the channel and able to be biased%%?order(t)o modu%tél tf%é t‘ﬁr(zfg;holdICB S%égge %S? the transistor, a
first back gate line dorRBE g RBACKEO HtribF Gate sbritRl Brédeainptaitdistors to a first potential and a
second back gate line connecting the back control gates of the conduction transistors and charge
transistors to,a seco tential, the first and second potentials bein dulated according to the type
of ool ontro) SO Tbr B Mol e AELSCAO S B rad B e e e
transistorslisAdregndenstion et rad are NIRE Tlownsisiors, ahecsheariretrassibordaheP FEFge

transisioisiRAGIBibatdReRackc0Rle! Bple ahiRRBSCESS i AnSISIRR IS Of N ¢pnductiyity.Ard the

back contral gate of the conduction transistors and charge transistors is of N+ conductivity.. 3. Memory
cell acBSTaiNG 18 &ifler Bt Efaithe 1%hd B8R YBHPEATH (Rt fhe' DAl CBHtEPYHe B the ¢Bhduction
transistarsisamel 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 4. Memory cell according to one of
Claims to 4, characterized in that it is fully depleted. 5. Memory array comprising a plurality of SRAM
cells atcordiflterdriesrdngifAiats 4; charsitarisett idthdt tRBRITShET 3f Badv b rasetiahdiSors has
a minigpalighysicab bb witidydit hasak appareaicwici thatkanhesmedulpke ddythie:application of a
potent(ijrflltgo Ctgned‘?%:g %Q”St{s?l gate, gﬁzﬁagqrggrils%(i)srgor. 6. Method of fabricating an SRAM-type memory
cell accorging t0 Claim 11, characterized in that it comprises the steps of: providing said semiconductor
on insulator substrate comprising said thin film of semiconductor material separated from the base

substrate by sriddaskiatingJayesiderminghackcantre) gates nithe Rase: SUbsHatalY fplantation. 7.
Method of contrl%llin a mem%rg gell a cordinqgtoﬁonlg of Claims 150 4, characterjzed in that a so-called
- [

"high" FSETHIR VEiATE EHa™S %‘ﬂe"d’c”‘%’\‘?vmp Ue SPYERD SR AL S el HRRIRE RIGR VO RAGE is
definewhiedriastihdbackgonzakgdtds afnthetivansistoresand éhatigatrassonding 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. 8. Method according to Claim 7, characterized in that it comprises, for a standby
operatifn, th¥&BpficaiorGra lofPodtfagltbitie Btk BB gete b thie b COBYE tandMtora HId to the
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voltage to the bacE control gate of the access transistors and a high voltage to the back control gate of
the conduction transistors and charge transistors. 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 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.



