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NANO-SENSL AMPLIFIER FOR MEMORY FIELD OF THE INVENTION
The inv _clon cnneralLLv _Elates r memo ie_s, d. m.c_ee Dart cularl to a
senseam.i i _-as-_esofll”.or"c__  BACKGROUND OF THE
INVENTION _... :ver sense amplifier general'- .yess about 2256 o 1,024
memory cells via a, a s. cair.-e. The cone o.na.. sense arm- e.- is more
snec- fr ~' differentia _ _mu_-e_na=no W err a hine and comp e _tar
rir]_in, wracn. is aseo a., ccl-. .10A con nicn__. Y:gr _
,c_eas no the performgﬁ‘gésd%ﬁﬁ]éWRﬁT mBP EoRBI&tS Tn reaucira the
nurrher call,- ddr ssed; b r a sense amplifier Ireference is alsc mt..
reduction in the ionat" of the b.."_ine). Kos rger Yuan a' sense aT O .fie ..
has be wrc'."id |, in vier __ address the whole one celLls ma ino u,,--. the
m "ry, v_c_-is express; by v Wsh o ,a70X: efficiency sofa tha_
managemen’. the memory consumer useiu ur= area the detriment the
actual memory. -de: _arttriolc sof I cierry,cne t. ¢ 2C', 5 Mdc
Random Cycle, 1.5 ns Laren i, EC: Embed ed DRAIN, Macro Featuring a
Three-! ans__., Wore Sense a-ol __, ..rwa_., S 2007)/ '.:.age 466-467
snows an architectural .i__ cn.y Lase" on sense n ifiers, sca__ed. m'_
_ens_M) .  ,aaess=o0._ralocal hill ne, few: 2 cells (32 typlcally)
'“ﬂg ggr&@wf%pg@g three) transistors. It will be noted that
e in which the different memory cells
are maedeonia st C@ﬁ-oﬁl B rsuial or substrate (SOT)=Thedifferentidm-mor«
. -g@-sense a.mp ifiers are.as-fornitem; forme, eith - ;on aKul. subst-ate ; .

ora SCH&&Q%% %@Fchrgyc%gﬁgo?,mler has two input terminals
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connecte to two main bitl'nes RBL (Read Bit- r.e) and G;EL 10 (Write
Bitline) which will control the read/,, rite operations of the ceil.s addressed
in. parallel via the local bi'-line LEL connected to the output terminal of the
micro-sense am ifier. Resorting to two stain bitlines proves to be a
problem in that the ar ,.itectnre proposed by this article cannel be 15
transposed for producing standalone memories and. th= remains limited
todheprodiictionpf embedded:memeories.sFurther; each. Figrosense afp.ca: 1y
t!_eﬁrrc@a@ OMQQQ@SES reduced number of memory cells (to to 32 typically)
so that'a ”reﬁitii/e‘ly’fé“r@’e number of n.icro-sense amplifiers (from 64k to 20
128k for & 2!M;stsmemiory) hastobe resorted-fc: Inispitesef: the relativelyecture
reduced size af.theimicro-am pm@fr@%mlvsé&r@%@@@%@e grawback ; .,
mentioned ea lie._ of sign ficant_surface .onsumplion for tre sense aitpl'.
ic&C ior finction’ 16 “the' der-imentof h. e. méfnory Yiont thérefore Partly ~3ense
25 rémains: SHORT BESCRIPTION GETHE INVENTION Ehe.abject okt rate
the invention is,tq propose a technique which allows the drawbacks of the
architectural hierarchy proposed in the aforementioned article to be -
overridden. 3J'Fof thistirposeiHie nvértion Froposes; acéditling to-grmina.ls
firstaspeet; a sensevamplifier for a-series ofcells aka-rewritablememary,  ws:.
including: a writing stage compri-?nc a LM'S inverter:, the input of which =~
iﬁé“é’ti‘ji"oriﬁﬁf_"‘"‘r%%%ly E%ﬁﬁgctgd 16 an (fh}p’l’]totlerrhﬁl}fal. o "t’ﬁiep “spléﬁég ppesatiens
amplitier, and the ettpuitofadhich iscéonnected vtorar-obatput termihaléfine LEL
thersense-amplifier intended:to-he rcannected ta.a local bizling - srpiirier,
addrepsgingﬂme cells said series; 5 - a reading stage comprising a senser
ans_.StT, the'date “Which'is €nHedtel t0'the oltplitthe fhverfer andithetem 1o
dradry oftwhich:iscconmectedsto thecinput of the inverter. article cannot be
transposed for producing standalone memories and thus remains
limited to the production of embedded memories.

Further, each micro-sense ampliflier can only address &

b

reauced number of memcry celis (1t to 32 typically) so that a
relatively large number of micro-sense amplifiers {(from 64k to
28k for a 2 Mbit memory) has to bs resorted to. In gpite of
the relatively vreduced size of the micro-amplifier (oniy
3 transistors), the drawback mentioned earlier of significant

surface consumption for the sense amplification function, to

the detriment of the memory function, therefore partiy
remalns.,

SHORT DESCRIPTION OF THE INVENTION

The object of the invention 1s to propose a technicus which

- oo

allows the drawbacks of the architectural nisrarchy proposed
in the aforementioned article to be overridden.
For this purpose, the invention proposes, according to &

L1lrst aspect, 7

]

ense amplifiser for a series of cells of

v
03

rewritable memory, incliuding:

1

a writing stage comprising a CMOZ inverter, the input of

which ls directly or indirectly connected to an input terminal

k
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According to a first embodiment, the input of the writing stage is directly'
connected so the Wont terminal o-' the 10 inverter, said input terminal _

being intended to by connected to a main bitline which will address a

plurality of sense amplifiers in parallel. According to a sees, embodiment,

the reading stage comprises an additional transistor, complementary to

the sense 15 transistor, the additional transistor and. the sense trans stor
forming.a GIVICS inyerter. dhe input of whichuis.connected-to:the eutput 0f crec
the writing stage and the output.of which, connected to.the inputofthe. . _
inverter of the writing stage. in this second embodim A, the iApu, ofthe =
writingstage 20 niay becipdirectly dorineétedtostheihpittemnina-‘of the sa2id
inverter, via a decoding stage comprising a transistor, Me drain of which .

is connected to the input termina_ of ne sense amplifier and the source of )
which i§connected o' the input of ‘the writitigf'Stage " 25°0rié or more™ ¥2t= ©-
transistars ofthe-sense amplifier ate pnultiga .; ransisters; hesMaking: drain
one of the gates of the multigate transistors can be madified during

Gperations for writing, reading and retaining data the celis of said series.

30 THecserise amplifier accordiorrta the s aspéeét. ofithe” invention ig'r+t1ing
preferentially made-on.a semicenductor-on_- isulatorsubstrate,comprising tne
a thin. layer of semi con do cting - material separated from a base o
substrate’ by ahitula7ina ldyer and-each of the fransistors ias 4 back = "
control gaten formed:in the baise substrate'betow the channel..and ©f sense
capable qf.-being biased;fo;r modulating the threshold voltage of the

transistor. According to e second aspect, invention relates to a. -he 5 _
methéd for éon'drollint e §ens& amplifief 4ccording to the s £eacding  stage

comprises an additional transistor, complementary to the sense

i,

transistor, the additional transistor and tThe sense transistor

forming a CMOS inverter, the input of which 1s connected to
the output of the writing stage and the output of which is
connected tTo the input of the inverter of the writing stage.

in this second embodiment, the input of the writing stage

may Ppe 1ndirectly connected to the input terminal of the
inverter wvia a decoding stage comprising & transistor, the
drain of which 1s connected te the input terminal of the senze
amplifier and the source of which is connecited Lo the input of
the writing stage.

Une or more GLransistors of  the sense anpliifier are
multigate tTransistors. The bilasing of one of the gates of the

multigat transistors can be modified during operations for

h

writing, vreading and retalning data 4in the cells of saild
serles.

The sense amplifier according to the ITirst aspsct of the

invention ia  preferentially made on a4  SeRlConductor—on-
insulator =substrate comprising e tThin laver of semiconduocting
material separated from a base sgsubstrate by an insulating
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inst aspect of the invention mane on a Se() substrate, in. which the bias

of the back control gates is modified during operations for writing, reading

and retaining data in the cells of said series. 10 During a reading

operation, the chreshold voltage of the tranastors of the writing stage

may be increased and the threshold voltage of the transistor(s) of the

reading stage may be decreased by controlling the bias of their back

contrel: gatest 15 During awriting operation, the thshold voltage of the ar1e of
tranS|stors of the WrJtlng stage may be decreased and the threfhold -
vdltage o. the %ran&stor(slf %t e?éaalng stage rﬁay be increases by o
contrellingthe bias of their back control, gates. 20 During a retention
operation, the Jocal bruin-inar be discharged.via opef thefransistors.of «, -
the ertlng stage for WhICh the bias the back contro; rate is controlled SO
55 16 1ower its thré&hold Voltage. “ActtFifg 0 Stitl aﬁgther%sbect the ~o =he
mvent ionaragces tof 25matrix-arrayioficetdsiconcermediodocat bithnes te, in
and to word lines, characterized in that includes sense amplifier$ - ., 4yrinc
accuroino to the first aspect of the invention. In the matrix array of cells, “
s&nSE amplifierstan Bet fartangediAbrelor Midre snse! a?mpllflé‘r%anks’” che
and the matrixi 30:=array €an further omprise a column decoder placed

next to each bank and c_o,rgﬂgyred tol%rlve said bank directly. rquer Marc . . _
circuits can be | placed next to the sense amplifier, cants or the co' umr
decoder Wecordirlg t6anothet aspectSthielinverition Pelates 1o Themaryt  the
including aymatrix-arras' of cells. 1'nesmemary.cells athe sgpse-ani) sk ctag
-._s of the, memosé}g are prefererttlftllx made on a semwconductor O.. . . .
TRéuva: %escurnﬁ ate” Actord i to st a‘not?ter aspec.’, fll_ Ja‘v'\e (0 Gt

fatés.sto
During a writing operation, tThe threshold wvoltage of the

translistors cf the writinc stage may be decreassd and the

i

threshold wvoltage of the transistor(s) of the reading stage

may be increased by controlling the bias of thelr back control

During a retenticn operatlcn, the local hkitline may be
izcharged via one of the transistcors of
for which the bias of the back control gate is contrelled so

as to lowsr 1ts threshold voliage.

L

According te still ancother aspscit, the invenition raiates Lo
a matrix array of celils connected o local hitlines and ©o
word lineg, characterized in that 1t includes sense amplifiers

according to fhe first aspect of the invention.

In the matrix array of celils, the sense amplifiers can be
ranged in one or more sense anmplifier banks and the matriw

array can further comprise a column decoder placed next o

each bank and configured to drive szid bank directly. Further
logic cirzults can be placed next Lo the sense amplifier banks

or tne co.uamn decoder,
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a main sense amrli"ier' ntended to be connected via a main bitline to a
pl.;;ral v of sense amp™ ,ers a cor.d.'Ln tc the. irst embodiment of the
aspect _ the invention, characterized in that comp is..s a stage flor
amplifying the 10 s_anal del five-ed by a cell during a reading ope_"a'tio'i,
and a s wl.tchab.LE high impedance inverter .. t, a. C)F f. sen’.71 nc back
the amplified signal onto the main i tl1.ne following the reading operation.
A cor@lmg) raanfurther aspeotthe zigvection vela . indondbsenselartes o
amp'....: i.ije hlncludlrgg aw itina stage comprising a CMOS inverter, the
mpu?of WF]ICT] direct ectyr of mdlrect][y connectezito an input of the sense
ampliT=te randthe Gutpat whit teenaetted. 21ran- et puttérminal ofthey 2re
%%@%.%@mphf@f intended to;be Q0ANS;G:ued W.ay.0 inlling~a reading-: re .
tag- mprisina a sense t anS|stor --le ga-e cif WhICh Is conm to the output o
of the'invarter dnd-the“drain 6f Whit®is éomnected rthe'inpl ofthe = e -2 ©°
dnvester; anchwhergie onéler-marettransistors ofithe waitiret-ange amd 25 main
ofithe;tea irc, stage are ind pen, ..._ double as raps;0..x Yetaceordingdo .
another aspe , the invent relates a mat ril r_ay of cells comprising sense

an ‘”%"e?§%“hﬂ ‘g81tmn. “decodé s, whetein théfense ampl §ed in A WGP =+
tt(zf&a.fetsiagaee ed:@_tii@n in oneonmore seasesamue-er panks atith3:G: the
wherein a_cc..._umn.d coder is laced next to eecr h and conf urgd to

drive -aid bank dire PEHORT IJgESqCRIP'f‘ION OFTHKE“DF%A?N%\% Snd
Othierdspacts, dbjet .—_maﬁdi%%nta"gé%’"éﬁ the prégent. > nveRf]L6A Witk ©“he
begome:het t.er.apparent. upon.s.::adin_jithe folowing detailed trne reading
descrlptlon 0_- pr. embodiments thereof, given as a non-1limiting

é‘?aempre and made with reference to the appended drawings wherein: g.

1 illustratesthe aichitectural Hierarchy appded in.@¢ invention relates to

jas)

sense amplifier including:
- @ wWriting stiage ceomprising a CMOS inverter, the input of
which is directlvy or indirectly connected to an input terminal

of the sensze amplifier, and the output of wnich 1s conneclted

to arn putput terminal of the sgense amplifier intended fc be

which is connected to tThe cutput of the inverter and the crain
of which i3 connected to the lnput of tne inverter:
and whereln cne oy more transistors of the writing stage and

of the reading stage are lndependent double cgaze transistors.

decoders, wherein the sense amplifiers are arrangsed in a non-
staggered fashion in cne or more sense anplifier banks and
whereln & column decoder is placed next to each bank and
configured to drive sald bank directly.

SHORT DESCRIPTION OF THE DRAWINGS

Cther aspectis, objects and advantages of the present

inventicn will bacoms better  apparent  upon reading  the
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5 first embodiment of the invention, ig. u gates a nano-sense amp if i er
acco_di_n,,, to the first embodimen of t",-," --liven"501; Frs.3aa_3br
., -_lt.ate exer--x,l..ary t G ,is'.0..s navna back control Fates; 10 - Fig. 4a

___orates a. possible topology of a nano sense amplif_ according t-,0 ..

ig. 2; - Fig. 4b ratea ,- p ibie organization of nano-sense amplifiers a c

cording to Frog. _ along columns of a. memo y matrix; 15 Fiq. castrates a
eran sense anpkhzd e.nterqdec far, gran. (ewing data pwae=1d.frem-a  nent s
QI.~g£aIL'§y of nano-sense amplifiers accordingto =i.g., Frg. 6 ..1.1u..
Cafesi”nanossenge ampl' dccdtding 4 secoia enigolinient oFthe ™34 Wito
invéntion~20Figillul crates theisaterof-'he artarrayrarchf-eci--ure; Fiq.
nano-sense amp rer. acco:-ding t o the _nvent.on; 8x:- i-'us trate: a
detafledBrganiZation 6F theébussBsTeidecoding each of the. nano-sense
amifig of:the bank,, 1. the 2 5.architecture of Fig.ifla; Fin.9a llustrates. o, .
an extended innovative array arch_tectu_re _cing two banks o’ i
‘nano-sEnSE Tpfiifiie -’ ac 'o'd.ny to"the” iAvention; Fig. 9b illustrates a

de raged organization o.. uthedussesdar-3a decoding:each the nanon¢ back
-§§ﬁ§§5§m%|{'g‘i§g$ of the bank, iri. the a-chl::ecture of Fin. 9a. DETAILED
DESCRIPTION OF THE INVENTION The invention according to a first

aspect refatestio’a ssensecamplifier (ealled @ nano<sense amp Fier) ofno-senze
senies ef calls.of-a-memory AAn architectural hierarchy applied in a first

p B B

embodiment of o )
- Fig. 4p 1llustrates a peossible organization of nano-sanse

ampliifiers according to Fig. 2 along columns ©

e

& memory
matrix:

- Fig. 5 illustrates a main sense amplifier intended for

o

transferring data towards/from 2 plurality of nano-sense

. -

amplifiers according to Filg. Z;
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& nano—-sense amplifier according to a
second empodiment of tThe invention.

-

~ Fig., 7 illustrates the state-of-The-art array architeciture;
s - 2T T i e e e o A o 4 P - g o n p TP -y g e 2@ .
- Fig. oa illustraves an ianovative array architecture UBING

two banks of nanc-sense amplifiers according fo the invention;

oy -

- Fig. 8b illustrates a detailed organization of the busses for

decoding =ach of the nanc-sense amplifiers of the banks in the

rray architecturs

o

~ Fig., %9a illustrates an extended innovalive
using twe banks of nanco-szense amplifiers according to the
invention;

- Flg. 8b illustrates a detalled organizaticn cf the busses for

decoding sach ©of the nano-sense amplifiers of the banks in the

e

7

architecture of Fig. %a.

DETAILED DESCRIPTION OF THE INVENTION
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the invention is illustrated in c. - and according to MO:. a nano sense
amplifier r.S?-, covers a series of memory cells via a local biz line LBL,
typically between 1,28 and 512 memory cells , The nano-sense amplifier
nSA transfers data towards/from a 10 main sense amplifier NSA via a
main r Lline MBL. The main p ‘one MBL covers a series of nano-sense
amplifiers nSA, typical'y between 1i and 32 nano-sense amplifiers nSA.
The main senseramplifies PSAmereover connacted ta:acline, aso-gam: o =
ed azairye. DL, on which reagiwriiten data, 15 circulate in the memory - .
Sells: 5t will'be underst6od from the déscription which foll6ws of ‘e first™ = ©*
embodimént tirginvention that nano sense t amplifier nSA provides the
reading and. yuriting functions, .while the refreshing function is achieved by .+
the main sense 20 amplifier MSr which forms the interface betweenthe
nano-sENSE “ammplifier ASA"and tHeé peripheral circuits: it wille notéd from™ ="
now:on-thatithe nano . sense amplifierRSA has:a single connegtion (thells via
main Mine MBL) with the, main sense amplifier MSL, with witch jtis.p ssib ...,
e to meet 25 the constraints in terms of metallization width both in the )
fiéld-‘of embedded memories and in that of standalone memo,-_.e:.. As
ilustrated incrig-= catangsense amplifier nSA.aceardionsthe. firsta rae /from =
gmbodiment.of the, jnvention,only Includes fhree tiansistors Ti,;,12, .3
“The nano-sense amplifier ..SA more specifically comprises an’ input
ferfminale_ domnecteddothesmain bitline MBL and-ars soutpuzZterminakss n
%@m‘%@l@@;@ﬁ@@d@@@' hii-iifk& LBLwv i%_&h%—%% ée%@i_il_& dhe nano
sense amplifier nSA comprises a writing stage comprisingaCMOs -~
inverter th&riput ot WhichH f§ dirédtly connectéd & the ihput terminae” =© @
am@Qhe(nﬂputvwﬂéhég dataline DL, on whicn read/written data

main

98]

T
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circulate ln fhe memory cells.

It will pe understood from the description which follows of
first embodiment of the invention that & nanc-sense
amplifier n8ad provides the reading and writing funcrtions,

while the refreshing functicon is achieved by the main =ense

ampiifier MBA which Lorms the interface between the nanc-szense

It will Dbe noted from now on that the nane-sense

o
At}
=
T
L
i

nSA has a single connectlion (the main bitiine MBL) with the

main sense amplifier MSA, with which 1t 1s pessible o meet

the conatralints in ferms of metallizatiorn widih both 1n the

field of embedded memories and 1in that of standalone memories.

As  Zllustrated in Filg. 2, & nano-sense amplifier nSa
according to  the firstc embodiment of the invertion only
includes three transistors Tl, T2, T2.

The nanc-sense amplifier nSk more specifically comprisez an

b

input terminal E connected to the main bitlines MBL and

(@R
o
~

M

i

cutput terminal S connected to the local bitiine LEBL wvia th

—

input terminal E.
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~~ connected to the output terminal S. The CM OS .mercer comp ses, t ,.
tw for ,_ ~. two terminals applying power supply potentials, NOD and
ODD respectively, a transistor w first type Manuel in series with a
transistor with a second type of manner in the illustrated . embodiment,
the inverter comp .s r 10 channel transistor TI, the source of which is
connected -,--,0 zhe potentia_ VDD (nigh state) and a | channel transistor

T2, thensouree of which isconneeted tothe poten,..ia..GN;D (QM_VSE@@ stage
The gazes of the transistors of the inverter are connected. together and i

coniectéd 16 the main hitirie K;FLT The MiddigF5 poiht oFthe'serial “ires=1y
combination ofthe transistors Toand 12 (the cutputokthe.inverier} s agi-n iz
for itconnected to the local,h't:ing LB, The nano-sense amplifier nS™.

further comprises a reading stage formed by a transistor T', here an h;
chancetransistor, *20%hée crane GFwhith: is cohhietted t6the duicuref-s  for
therinverter and4ae thelocal hitline LE; the drainwhich asigonpected-the. :
input, of the inverter and the main , Cline MBL, and the source o’ . which,

533

U

Tilid i

is connected to a € mina_ for applying ~. ‘power supzay potential POND.™ ="
25 WWithiathe stope 6f aprefetrédembca rertofthe invention, the
nano-sgnse amplifies - -SAs reade on.a ,semicondyctor-onsinsulator.; ... . r
substrate come _si..n, a th ',eye. of semiconducting material _ separated
from A base'sub ate by an insulating 18y&r. Each of the transidiorshas a=° ==
racke80 cohtrol gateformeekmcthe base bs'ti.-at:=below theschannelrand., the

capable of bejng biased in grder.to.moonilas edhen, ¢ sha,d valtage of .,
the tra)s_stoi. The bias ie cectiv.ly applied to {‘Dhe. back control gate. o o
transistors 71; T2 and_-"=, ifustratéd on'trio-figureé by reférérices! *bgonnectes

Vho2iarie: Vbg3. connected to the main bitline MBL. The middle
point of the serial combination of the transistors T1 and T2

5 for itz connected to Lhe

0]
w

(the output of the inverter) 1
local bitiine 1LBL,

The nanc-sense amplifier nSA further conmprises a reading

1

stage formed by & Ltransistor 73, here an N channel transistor,
the gate of which is connected to the oulpur of the inverter
and to the local bitline LBL, the drair of which is connscted
to the input of the inverter and teo the main bitline MBL, and
the source of which is connected to & terminal for applying a

power supply potential PGND.

Within the scope of a prefsrred embodiment of the
invention, the nano-sense ampliifier nSA  i1s made on  a

semiconductor-on-insulator substrate comprising a thin laver
of semiconductling material separated from & pase substrate by
an  insulating layer. Iach of the fLransisterz has a back
contrel gate formed in the base substrate below the channel
and capable of being blased in order to modulate the thresholid
voltage of the transistor. The bias respectively applied to

the ©Dback control gate of transistors T1, T2 and T3 is

+

illustrated on the figure by references Vhgl, Vbg? and Vihbgs.
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It will be noted that the modulation . the tnreshold voltage is particularly
advantageous in that in allows the operation of a transistor to be forced

so as to ensure, depending on the circumstances, that it isactua_ly

blocked 5 conducting. With. this, the ope alL-on of the r_ no sense

amplifier nSA maw he made more secure, and therefore the operation

margin thereof may be increased (whit allows _ _ cells with its nano-
assoaiation:.1of adargennumbern.et:memeoryrsense-amplifier NSAnR10thareshoLd
F% 3a a P.channel tranS|st [‘I Igugjrﬁaueodglabvinga baglg corLtEoI g8 . he
Bba ranged in‘the mass substrate under'the BOX insulating layer so as

to°bé positioned faging-the"froft Control gate Gt THe*Back ¢oritfol gate B3SUre:
formedshare by a:R ype:doped regiendsolated from the bas..substrate:byeq or
ar.N 15 conductlvny wel| ON In Fig. 3b, an N channel tranS|stor is

ius t?ated Havm back control gq}e BéN arranged in the base
substidtecundef !{herrmsulaﬁngﬂayér so'ascto be positioned J faciimgheore  the
Iront. .control gate G;, The:hack contrgl.gate B is;formed-here by,an20 N. -1 cus
type doped reglon insula t.ed. from the base substrate by a P conductmty
weldn Figs R and Bb, thetrandistors are’ uly dépicted“Sed- trandistors
defined by:a chaanelibady region that _n n enough to allow the field

induced by the top conyr 1., gate 25 (uqu,eJ ;usyal. yoltage condifions) to ..., . ..
reach the burled oxide layer BOX, A transistor for which the cr:annel_ N
RS a”eénd ubsﬂﬁiyeofoypeiN‘faﬁa ebdck Coftroligate of° ScoRdGetivigEr =0
Ras a MeFY: ﬂalghri@reﬁmd veltages This threshold voltage may-then be30:ront
reduced by applying a posmve voltage on the back contral ate, A, .
{ransistor for v p%léh the channel ﬁasga conguct|V|'§/ of typeTganél a %a?:kb\ T
Garrol @%ﬂf@ of WIIVIW Naé}‘f@f]lsim the bhase substrate by an N

conductivity well Uy

NAanC—30nss

& back control gate By arranged in tne base substrate under
the linsulating layer so as to be positicned facing the Iront

control gate G. The back control gate BGy 1s formed here by an

N type doped regilon insulated from the base substrate by a P

In Figs. 3& and 3b, the transistors are fully depleted 3l
transistors defined by & channel/body reglon that 1is

enough to allow the field induced by the fop control

{funder usual wvoltage condizions) to reach the buried

A& transistor for which the channel hasg & copouctivity of
type N and a back control gate ¢f F conductivity, has a very
high threshold voltage. This threshold wvoltage may then bs

reduced by applyving & positive voltage on the back control

gate. A transistor for which the channel has a conductiviity of
type N and & back control gate of conductivity N as for 1t has

s nominal threshold voltage which may be reduced by applving a

positive voltage on the back control gat

)
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a nominal threshold voltage which may of reouceci, by applying a positive
voltage on the back con---ol gate. Is Th s variatior- of the threshold
voltage or the t n.sistor via the back conrrol gate may be formulated
according to Vta ,,.V , wherein t., represents the __ reshold voltage of the
rar.sistor” : the voltage aoalled to the Lack -cntc_ gate 5V the nomin
_n_eshr ~c voltage (nl_ich may be i Up __he work function depending on
whether: a bagk contrel gate oftypenNeiR s used),:and o is aicoeffrcien+stor
related to thee, geometry the ans_, o! The different w. .._ino, | r]eﬁzfld%naEC .,

RV K

and. retention operations 19°which rﬁayT)e‘eip*pﬂeatby the’amr _iero 7
lig: 2 afe ‘aesciibed heredfter: Readiig Du F g BFBpeATDnTor rédne” the
datum . stored aymemery ell: - gannggteddhe local piltl LBL and dbro:  gats,
selected by means 0 a Ilne asc- alled wordune {not shqwn) he tr. psis . the
TS SHE reacflng stage i&th selse while ‘the tans sc’ty sand Té o"-the¥ ¢
peadmg stage are bfckedingorder 1o avioid any ico=lip con of the sighal ©f tvpe
f\FOFEZI Seilvect;g d'm.s(\ee\i-}l ., 2%1:!}:16 H’IVQE ieLzha%éélpitf‘@?egt;vwga@e)gte@_c the
la-1v rating voltage) ont_oi..npu.. F. A high voltage is a'pl-ed to he back
eGnt'fo; gatéo theP-chadnnéirans ..tor _ (Vber is for example in the high
state T¥DD)isa as-ptritsdhteshaold vottage aboveVDBfl=and 25 thereby: ions
block the transgsto(I , this, doe%aotrprpe tc he. sufficient, is also- pesslble ire
{0 reduce power supply patenr.ai VDT! the ansistor T2 reading operatlon
By ypiceity! usitigea Voltage alredy existing in the circu’.t such as VDU/2.
10 M.eres0n.€51- , a low voltage is applied the by 1, control gate

During an operation for reading the datum stored in a
memory cell Ci, 3 connectad toe the local kitline LBL, and
selected by means of a line, a sc-callied wordline {(not shown),
the transistor T3 of the reading stage is the sensor, while
the transistors Tl and 72 of the reading stage are klocked in

order tTo avold any ccrruption of the signal from the selectsd

A high volrtage is applied to the back control gate of the P
channel trangiscor Tl (Vogl is for example In the high state
VDD so as to set its threshold voltage above VID/Z2 and to
thereby block the transistor TL1. If this does not prove toe be
sufficient, 1t 1is also possible to reduce the power supply
potential VDD of  the transistor T2 durling this reading
operation, by typically using a voltage already existing in

Morecver, a low voltage is appiied to the back control gate

of the N channel transistor 72 (Vbgs is for example in the low

state GND) so as To set its threshold voltage above VDD/Z and
Lo thereby bleck the transistor Ti. If this does not prove to

be sufficient, it fs also possible to increase the power
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of the N: charnel. transistor 72 (Vha2 is for example _n the low state

2ND) so as to ,et. its threshold vo ce-above VDD/2. and to thereby block

th. tans stor T his does riot prove to be suf... icier " -s also pessy..bbl.e -
ncr...ase the. power 1i s PUIV potentiall_}::ND of the transistor Ti during

this operat=on, for example by a few hundred millivolts, typically by using

a voltage already existing in the circuit, such as VDDi2. S The selected
celkisibe read Lypicar provides 200-30Q m-; -if Hcontains ara anghQ m\ if +n: =
icontains a "0 A r_gad voltage is\gpglieﬁmtp the %c_ﬁkjcontréqlz ate of the N. . .
channel serise transistor T1 (Vbex3 is Tor exampie in t%é‘rﬁ@gh” state VDDB),” "7
orderto lower itsthresholdvoltage blow, the1D level provided @t He gatech as
by.the local b,tline AML. The power supply potential PGND of the

transistor .3 is hero the low state, for example GN. a "l " is presenton the =~
local hi'finé 187 thE séfisé transistor73'is'éonducting, and thesham’ ° =" ™
sense amplifier MST 15 "maytheneiti detect thercurrent lowing. in the

main bitline, PB1. through. the transistor. T3, or sense a valtage Jeve:! - 1y
change on the main'b 'line MSI! (wh'.ch drops since T3 A conducting) if
theAcge was initial-toatingt #a 0" présent orrthelocalbiitie T51, the e anb
sense 20transistord3iisrblecked and the main:senselamplifiecMSAmay: «he
tbgpge;itﬁeﬂroqrgtg%zer_o current on tg_e_ m%ig itiligg_qI\E/IBl‘,ﬂ.‘Qt‘, sensea ..
non-modified voitage level on the main hitirne” M,EL. WAzing Duringan ™"
thelocal bit;- e L. Sk and-sglected by means of word line, the transistor T3

cf the_reading stage the blocked in order to avoid any corruption of -
~nsighs. ffomthe Maif SeRSE ampiifier NS?°Via ..He main bi-afing MDIT ©=7°°

m

whilesistor T3 is conducting, and the main sense ampilifier MSA

o,
(

may then =ith

U]

¥ tect tLhe current flowing in the maln bitline
MBL through the transistor T3, or sense a voltage level change
or the main bitline MBL (which drows since TX 1ls conducting!

if the node was initially floafting.

If a YO” is present on the local bitline LRBL, the sense

transistor T3 is blocked and the main sense ampiifier MSE may
then either detect rzero current on ths main fitline MEL, or
sense a non-modified veltage level on the malin bitlime MBL.

TR T
KP\'LJ;VALAL\..::

F

During an operaticon for writing a datum stored 1in a memory

13 : ) . G e 1 T . T T — 4 Al 1 e Y
Celdl C;, C_’j connected to the local bitline Ll andc Sziecued
Yoy PR £ ST ) 3 N 1 ; [ e £ P R, i X
DY omeans ol word _Ling, The Transistor T2 ol The reading scade

=

ig vlocked in order to avold anyv corrupticn cof the signal from

the main sense amplifier MSA via the maln bitline MBL, while
the ftTrapnsistors T1 and T2 of the reading stage conduct ag

2t

efficiently as possibie tThis signal from the main bltline MEL

Tn the following, a distinction 1s made betwesn writin

a

(e}

R (Write 0O operation), and wyriting & V1”7 (Write 1
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the transistors Tl and _ of the reading stage conduct. as- 39 efficiently as
possible this signal from the mains bitline MBL towards the local bit ine

1BL. In the fo ‘owing, a dr notion mace between wrizing a "0" (Write O
operation), and writing a (Write operation). 12 Write O The inverter stage

has, via the main bitline MBL, a "I" at itsinput. A low state is applied to

the back control gate | of the P 5 channel transc sti:or (\i'o-:_ is for examp

e af NR) mrorder lower its threshold. voltage as much as possible (p

f rab] BQIQWQ'I’TQ; ~, for example a Lrici 100-200 mV in absolute value) ., .
The transistor Ti is bloék%aﬁnggé’r thaf it receivés Ié%léﬁ‘éfé?e insfront
agéntrol'gate. The power supply potential of 10 the transistor Ti is
maintained-at VDD, sa thaf.othernano= sense amC.tils in parallel. (be. . ¢
sharing the same power supply poten:.ial) may perform writing ofa*Iat  —
fHeSame tihdd A high state'i§applied the back Edntrol'gate he N* 150797 &
¢hannel transistoreE2 (Vbg2-isifor examplemtdDRY; incorderloweritseferakbly

thueshold-yoltage (preferaly, below YDU/2, for example around 100-200. , , ., |
mV absolute value). The t nsisto_r 'T2 receives a high state on its front

control ‘gt ahidis therefore’esnabeting fitsofar thatits threshivld veitage nioh
was20 lowered, the senduetion level of transisterT2 is Ncreased o@intial of
further, the size of the transistor T2 may be redyced if an identical

e LrANSI ST oY ] T DT E I ] ;
conduction lev 2

ot

level'is maintained Alow ~ra__ e is appliéd ic the back control =~
gave theNrehanneltransistorthel readingistage (fagi-foru25texampletherover
lowstate GNDR), andithis sp the inrhas ahigh o or 2 17 2t the same

A high state 13 applied to the back control gate of the N
channel tTransistor TZ {(VbgZ iz for exampls at VDD), irn order
o lower its threshold voltage (preferably below VDD/Z, for
exanmple around 100-200 mV in absolute walue).

TZ recelves a high state on its front control gate and is

therefore conducting. Insofar that 1ts threshcid wvoltags was

{or further, the =gize o0f the transistor T2 may be reducsd if
an identical conduction level 13 maintained) .

4 low state 1s applied to the back control gate of the N
channel transistor T3 of the reading stage (Vbg: ds  for
exampie in The low state GND), and this sa That it has a high
threshcld voltage, ypreferaily above VDD/Z. As the loca:l
T

LBL is in the low state becsuse of the action of the

H—

hicline

¥

Transisto:r T2 of the writing inverter, transister T3 is
blocked and therefore does not corrupt the V1Y gelivs=red on
the main bitline MBL.

The powsr supply potential PGND of the transistor T3 i

in

here in the low state, for example GND. This powsr supply

[,

potential PEND may however be lncreased 1n order to alttaln a

value close to VDD/Z (below the threshold voltage of

43

1

Yooin
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threshold voltage, preferably above I'DD/2. is the local bit...ine TBP is in
the low state because the act:-on of the transistor 02 of the writing
inverter, transistor T3 is blocked and therefore does not corrupt, the |
delivered on 30 the main hitline MDr. The power supply potential POND
~of the transistor To here n.. the low state, for example GND. This power
supply potent a- PGND may however be increased in order to a pain a .
value:clese MRR/2-(below thedhreshold voltage oF E3kin-arder 0 enste 2 rent
that the tranS|Stor is actually transpareqr with respect to th the _main bitiine _
MBA and does not generate conflic: sTtereln notabiay durlng tra.isitiond
etweerrthe dt“femoperatibrﬁso.dﬁw Fit 1} edThe invelter stage haslvige  the
thesmain bitling VBL {0 at its input, and the order 0" the operations of
tranS|stors T_ and T2 is inverted relatively to the Write O v operation.

= tate is applies one back control gate of 10 the N channel
transister T2¢(¥byg2-s forgxample atVbD)in msmuch asipesswiil.ez "C7 at
order to Jower its,threshold voltage as (preferably, below VDDI2, 801 s ccov 71
example around 100-200 mV in. absolute value). The transistor T2 is
blotked inSofar that 2F Fécetves 2 highstate ofi fts' front ¢oiitrol gate -and
the Hower 15 supply potentiale trapsister T2 is mee.ntalred ab:GND;, s@ate of
that other nano-sense amplifiers in parajlel {i.e, sharing the. same power. .,
supply potentla ‘may pe?fbrm writing of a "0" at the same time. A low
state applied tortffe-batk T nrFrosgate’sf the 2oreRaniél transistop Pl Possinle
(Meal is for-example at GND), s0 that, shas adewithreshold-voltage -200 mv  in
(preferably be|QW VDD, for example around 1(00 -200 my. n abs,olute

Tue) . The trang
va UE)L uf‘he rranS|szoz

receives a high sutate on its front control gate and the powsy

in

+

hiliocketi— that iz

supply wpotential of transistor TZ 1is maintained at GND, so
that other nanco-sense amplifiers in parallel (i.=. sharing the
same power supply potential) may perform writing of a Y07 at

the same fime.

B low state iz applled to the back contrel gate of the P
channel trangister Ti {(Vbgl 1s for example at GND), so that it
has a low threshold voltage (preferably below VI[L/Z for
exanple arcund 100-200 mv 1in absolute value). The translstor
Tl recelves a high state on 1ts front control gate ana L8
therefore conducting. Inscfar that its thresheold veltage was

] ey e M [ e e
Lhe Lransistor 1 e

lowered, the conduction level of
ircreased (or further by retaining an identical conduction
level, the size of transistor Tl may be reduced).

2 low state is applied to the back control gate of the N
channel transistor T3 of the reading stage (Vbg3 1s oz
example in the low state GND), and this in order o increase
ite threshold voltags, proaferaply above VDD/Z. The powsr
suppily potential FGND of the itransistor T2 is here in tThe Llow

strate, for example GND.
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Tai receives a bla state on its front :.ontroi gate and is therefore
conducting. Eneof ar onat: its t nrresho Id. voltage was 25 lowered, the
conduction level of the tra eto _:. is increased (or further by retaining an
identical conduction level, the size of transistor T:I may be reduced). A
low state applied to the back control gat’e‘"‘ of the If channel transistor __ of

‘the reading stage (v hg is for 30 example in the low state GND), and This

in order ta-increase. it threshold-valtage; preferably. aboeve VDR,2- Theczuse of
power supply potential PGND of the Gran 'stor T? is here in he low state,
for example GND. 11°AS the16¢4l bitline LBL is‘in the figh' ‘state Hecalse "
of " tites action of’the transistor T4 of the writing inverter; dransistor73.is the 07
QQQQLLCJ@Q:A bu?do%gno&é?@”u@l}bﬁ }Qé' d@ﬁ’er@gr@'% theL@algjﬁll%e and its
MBL since its source and its 5 drain are both at the same value (low ate

GRDY. The power stipply Potential PG D'fhay Hotvever be ifibreased it Po¥er
craderio attairavalue close tWRD/2 (below:the:thres’holdaoltage of I3jer to

in.qrder ensure that the ransistor T3 is actually. transpareent e'ative'v' to ¢

the main hilAine MBL, and does not 10 generate conflicts therein, notably
duvi y transitions betiveén thesdifferéht oustatiohs! Rietéfition” Tt is'Soughtiz -1V
toravoid amnstabe current; and thereby block. the three transistarsbyices rot
ideall,, minimizing leakages, 15.Ir, a preferential embodiment, the .
retention opéeration is applied by preparing he reading or writing operation "~
whichc will foltow, ard 12 1s by discharging the local an cline to the -ow

state &NDwhich is a prism condition for w=ring. The inverter has a

voltage of VDD/2 %potgn--_—a'j.\_/ flooring 20 voltage) on its input.. A high
voltage is Sppfied to thé batk control gaté of the prr=nt, =nd taersby block

the three transisteors by ideally minimizing leakagss.

ter,

In & preferential embodiment, the retention operation is
applied by preparing the reading or writing operation which

by discharging the local bitline uwo the

& priory condition for writing
The inverter has a wvoltage cof VDD/Z {potentially fiocating

voltage}) on lts input.

& high voltage iz applied to the back control gate of the P
channel transistor 71 (Vbgl is Zor example in the high state
YDD) so as to set lts thresheld veltage above VDD/Z and to

thereby block the transistor T1. If this does not prove to be

suificient, 1t iz alsoe peessible to reduce ths powsr supply
sotential VDD of  the ‘transistor T2 during this retention

Moreover, a high voltage 1s applisd to fhe back control
gate of the N channel <Transistor T2 (Vig? is for examplse in

the high state VDD} sc as to lower its threshold voltage (to

apout 100-150 mV}. The <transistor T2 1s conducting, which
allows the local bitline LBL to ke discharged and tco be forced

o bhe  low state GND, thereby preparing it for the next
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channel transistor Tl (Vbgl is for example in the high state VDD) so as to
set its threshold voltage above VDD/2 and to tnerebvr block the transistor
'"11. T' _ni s does of nrive tc be 25 sufficient, in also possible to reduce the
power supply potential VDD of she transistor 72 during this e .ntion
operation. Moreover, a high voltage is applied to the back n.t_o_ gate of
the N channel wransistor T2 (Nhg2 is for example in 30 the high stave
VDB)ss0 as:to lewer its threshold:vol-age {tc:about:100-153mV). The teiccted
%ms istor T2 it.conducting, which allows the local hi lie LBL to be

|scharged and to be forced the low state ENi, thereby prepa..ring it. for
the néxti°agéessi®As the circtiftinréfentivh, no-célfis-selected @ndbthere V0.
is:therefore no aurrent: insofa-itbat the local s me DBlais ithElQrJ@W: flows
state GND,, transistor T blocked .nd therefore nc current flows, I
througﬁ i L low vslrage\jmay 5e appltes "o the back contro gate the At
transistof- Tt(Vog81is for-examplé-it tielew state GNC) whichdncreases: Low
its. thresheld \voyage and.allows, moinimization of the . leakages, n Tig: A8 10ws
a possible topology the nano sense amp'_tier 10 of its. 2 made on two
Goluming filustratéd. ORly thrééfictals are necessary Metal! for the
interconnections of in(,rtransistersy Retaitfor the distribution-of:thezpowel: . fizr
supol. potentials POND, GN|? and. VDR, Metals for the main_hitling MBL. .., __
The width of the manc .sense anplirter corresponds to two 15 metal lines W
BFtwio EolBfths 6T ¢el Sihithe VEdse  of 4 DRANE it will heTotedthatthe ©° e
three back-controkgates are- active ard may. eqn rgue n:t_y be subject te:tipr v
delﬁgs it CILS thenhposstrglle to chopste tqfre?generate them peﬁrrorl fly,r ld_%%llxﬁh
At the same reportrng frequency as the worél Tine™ 20 drivers.

width of the nanc—senss amplifisy corresponds Lo Cwo

metal lines or two columns ¢f cells in the case of a DRAM.
Tt will be noted that the threes pack control gates ars
active and may conssquently be subiect to RC delavs, It is

then possible to choose Lo regenerafe them pericdically,

ideally at the sams repeating the word line

£o]
4
h
s’
e
T
:ﬁ
(
Al
W

grivers.
The memoyry c¢ell, as for 1t, reguires & Metall line for
attaching it to the local pifline and a MetalZ line for

attaching it to bLhe word line. This leaves the Metall lins

h
-y

rez for letting through the main bhitline MBL,

jat]

Insofar that each columnh of the memory matrix reguires

ranc-sense za2mplifier, & possipble organizatlorn may consist of
arranging tThe nano-sense amplifiers head-to-tall as this s
illustrated in Fig. 4b, a Zirst nang-sense amplilifier having on
its dInput terminal the signal MBL; and addressing via Lts local
bitiine = series of cells along a first (even) column, the

other nano-gense amplifier having on its input terminal the
signal MBL. and addressing via 1ts local bBitline z szeries of
cells along a second {(odd) column directlv following adjacent

o the firsit column in the memory matrizx.
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The memory cell, as for in, requires a Mena!! line for attaching it to the loc
Online and a Metal2 line for attacho us it the word line. This leaves the

Me-a!2 line free for letting through the main- biOi.ne MB.. 25 Insofar that

each column of the memory matrix requires a nano-sense amplifier, a

possible organization may nsist a.- arra]n"iging the n".ano sents- mv?,.firs

head to-ti__ as this is illustrated Fig. 4b, a first nano -sense amp fier
having.on: dts-input terminal the signal -, BL and,addressing-viadts.logal 305 ¢ 5
bizline a, series of cells along a first. geye,:n column, the other nano-sense
Aptifier Ravihg o s inn™terminal The °signal MBL “and’ Addressing biatits © =
locakb_tline @$eriesiofi cellsalonC arsecondiodeecalampedirérilyvoltaces by
following adjacent, the, firs.g colymn the.memary 2a~rix. 15 Preferential .. . ,
conditions for the operation of the nano-sense amplifier of Tig 2 are i
fhrBER ol oIty esof the trafidistors, ‘clode td VDD/2'4nd a variation o-
thesetthreshold valiages by ibiasing-the back-conirol gates-insa kangening at
approximately. comprised between 100 mV.and 7f0/ T.150,sf7. These . _.
Sondiions invace I%og‘%ﬁhééﬁeﬂs beginning 55-45 no (VDD of the =
6reiEtof , tth°é Hblo. Afoltafe  6f thes iger6£35C TV and which decrease; “he
withthe scale effect; the -node 41 mybaving beenattmed in 200 20075 nesses
and thicknesses 10 of the order of 2:20 nm, for the thin Jayer of the SeOL.
Substrate and: 6 the ordet of 5-SO rio for the buried.” insilating layer of © .
the>SeOl: substrate. itiwillzbe noted that thé nan-c-sense amplifieriis buried
mainle. deyelopegd.for DRAM memories;, lowever, operates with any 15

Type of RAM memory (GRAN, PCRAM, CERAM, ZRAM), well as win .
flash menfories (With’ in.“this ¢Hse, one réquirerment of faintainig *° 2inty
relativelydighivoltages duning the writinglandvdeleting (erasing)es with any

operationsthis may far example Bernyy  capay, zreM), as well as with

m

520X

flash memcries {(with, in  this Case, the regulrement of
maintaining reliatively high woltages during the writing and
deleting {erasing? operations; this may for exampis be
achileved by usimg twoe UTransistors 1n =eries rather than a
singie one for The Translstors Ti-T3

Ls tThis was seen earlier, in the case of the DRaM, the
nano-sense ampilfier performs reading and writing operatlons

put dos2s not perform the refreshing/restoring operation; the

latter being perfcormed by the main sense amplifisr MSA, 23
possinle  smbodiment of  which 1s  described hereafter in
connecticn with Fig. . A DREM ceil actually requlres being

order to compensate chargs losses

ach read acgcess.
Lifier MBA 1s connected o nanc-sense

L1

amplifiers wviz a main bitline MBL on the one hand, and to the

periphera. circuits via a data line DL on the other hand.
The amplifler MSBA comprises, in  series hketwesen the
potentialis VDD and GHD, three fransistors T&-TE. Transistor T6

P channel tTransistor, the front control gate of which 1s

F
n
[
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achieved by usl,ng two transistors in series rather than a 20 single one _.
the "transistors TI-T3). As this was seen eatrlier, in the case of the DRAM,
the nano-sense amplifier performs reading and writing operations but.
does no"L" perform the refresh ring/ re. onn ooeralLion:; the atr.er being
performed b; the main sense amplifier. NS=r, 25 possible embodiment of
which is descr .bed_ hereafter in connection with Fig. 7. F_ DRAM cell
actiially reguires.being Jferigo early e rreshed.in.orderto compensate crznne:
charge losses and being restored after each read access. The main
SSiTse afpiifier MEA is'Connectdd: 16 hafid'sense 30 afmiplifiers vig'a®cted =°
madin bitline NELL onthe&one hand,zand to the peripheralcircuitsivia:aadatastor,
ling. DL, op the other hand, The amplifier MSA comprises, in seties, .., o
between the potential.s ADD and GND, three transistors T6-T8. (
Transistor TE -is @ 2 chanhel transistor: tHefrotitcoritrol gaté ofwhichds =50~
contralled-by.a sigralp2 fransistor«7 an:P g¢hannel -transistorpthe froptenvia’
qentrnl gate of which is.onnected no, the main hit ine ME". Transistor Tia, |
channel rransistoE, the front’control gate of which'is controlled bya =~
$ighak03, STThe .m, '....." . i.er MSA farther comprises an N channel ;.. a's
isoor.r 14C hetweenche main 0. 's..i e MEL:and a powersupply potential.at, rg
VDD/2 and .he front control gate of wnion in con-.roiled by a signal 01.

TRESiiplifier MEZ b0 dompised &P eRnriel °FAH fstdr 70 Betnaer el ¥

rvac- bInine MEL andta powsr supply potential ." camd thve: front contrel nede 4

gate-af.whicr is conpected 1o the node L, corresponding {o the middle, -
point of transistors Ti and T7, As this will .. be explained in more octal.

subséguently® tife Whdle e transigtors'T. Mo forftis-a stageforEauentty, the
amsb«iving 15-thesignalidelivered by celk(onthedocal biine bElwmp i fving
toyards,a nano-amplifier) during areading operation, ;... ;.1 0. 1o

Towards a nanc-amplifier) during a reading operation.

The noge & is connected to a high lmpedance inverter HIZL,
“he application of the inversion function of wnhich 1=

ol signal ¢4 {(irn Filg. 5, ©4F gesignates

The complementary of &4},

The output of the high Impedance inverter HZI 1s looped
pack onto the main pitline MBIL.

Az this wilill be detailed subseguently, the inverter HZIL

thus forms a switchable high impedance inverter stage for

sending bhack the amplilified =signal on  the main Dbitline
following a reading operation.

A4 high impedance stage HZZ, controlled by a signal &5 {(&0R
vesignating Lhe complementary of @5), enables the dats line D

to bhe connected to the main bitiine MBL.

s

Initialization of the MSZ amplifisr iz as Ifollows.

P2 is set to Y17, while @93 1s set to Y07, As  the

22l

transistors T6 and T& are bhlocked, the set T&, T7 and T8 1=

- .
Lo ey

Tigaving.
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The node A 'a connected no a. high impedance inverter H.7j, the

application of the inversion function of which controlled by a control signs'

04 (in. Fig. , WE designates 20 the complementary of 14). The output of

the high impedance inverter I-ill is looped back once the mail; b Cline

NEL.. As this will be detailed subsequehﬁy, the invertea HZ.. thus forms a

sw tchah e. high impedance inverter sage for 25 sending back the

amplified signal-en nedmain pizling:following ayeading operations Achighs 5 5

Wogedxaggeestage M oAl t.rol.ea be a signal. 05 (15 designating the

cbmpPement’ary oTT)Sj ehables the, dat line be connected to the ma-.._r:

bit lineMELs 3@4dnitialiZatiomthelLISAramplifierdisras lows. [ i>2is setrdosistor
“while: 1 is sexﬁ 0 As the trapsisters,I6 and T2 are blocked, the set:; -

T| TO and 'is Ioanlng Iu The Power supply censorial 7- of the

tFahdistor TO i¢ Torédver sét to DD/ 2. BGth*Stagés Mz T and HZ2 areé o0 -0+

floating, white the transistor TIC will, as for it, pre-charges the main bitiine

MBL t9 S VDD/2, via the phica::io of a' nega’ Lve pulse by the cont OOL ., .

signal 01. An operatlon for readlng a tai and for restorlng thls "1" implore

ed by thE N SA amplifieristhéglowing: 'THe rédd ré. 2 delivers 1 on the

local' hit:line:LBL-The 10 transistor’ T;of o, nano-sense am@h_fr_erm SA.. The

disoha’ ges the. main bitline MEL to chnquow stare N, Tra[}3|sgor 171is

then blocked. The f power sups y ptheﬁT:' al V¥'of the, tcansszorj'l‘r is

icréased-front VD?2 toVDDE 156FheseontrolEignal 03ofthe gate™of the then

transistor TO is

The power supcly potentizl V+ of the transistor T9% is

34

ﬂwqo the

increased from VDD/Z to VDD.

The control signal 93 of the gats of the transister T8 is
set to the high state VDD, so as to make the transistor T8
conducting. As the transistor 77 18 blocked, it will cut the

The control signal €2 of the gate of the transzistor T¢ 1s
set To the low state GND, s as to make. the franslistor T6
conducting. Tne potential of the node A then increases tTo VDD,
which cauvses klocking of the transistor 79,

The controel signal ©4 will make the HZ1 stage conducting.
The _atter conducts the main bitline MBL o the low state GND
(bv inversion of the high state of the node A), and sends back
this low giate to the nanc-ampiifier nSk, which will <then

R T
Iowriting

cf. previcus discussion of a Write
operation by the nanc-~amplifier nSA).

slgnal 5 will make the HIZ stage conducting.

then deliver the signal of the main bitlins

{stemming from the HIZIL stage) To  the date line DL for

processing by the input/output peripheral oircuits (the data
line DL 1is fleating 1in crder to accept the signal from the
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set no the kith state ADD, so as to make the transistor T2' conducting. A.
. the transismor 77 is blocked, it will cut the path. towards the node A. The

control signal 02 of the gate of the transistor TO is 20 set to the low state

GND, so as to mesa the transistor TS conduct’-.ng. The potential the

node a _henincreases o PDD, which cadses blocking of the transistor T9.

The control signal 04 will make 'she 5Z1 stage conducting. The l a ..er'
condugts the: maingit. ne-MBtethedow stare GND 25 (by-nversian ofthe ¢~
high stare of too node A) ,and serg, hack this low state to the nano-amp

itier A —w icih Wil then = b Writb a " 7S (ef. C™éVa.A U.S discussion

of a Wirote wiriting &g dpératioreby: the' hano-amplifieriSA)y The.confibl. The

deliver the signal of the main billion (stemming from the _5_ stage) to the
date lineDL or" processing the ptit/oinfit geripheral tirclits (the data © **
linre=DLds:ftluoating in order to accept the signal from the main bi.t.line

MHL)T‘JH’:Q %%QQE{‘@HQH f@f I‘Q@pll’]ﬁlg "Q_"rggg i%rcrfe"Stormg II]IS zglgreasr—‘ from

-performed by the amplifier MS A is as follows. The cell read delivers a "D"

offtHe' Idcal "B'tli.ne LEL. The transistor of the nano-sense amplifier -SA

remaims-blecked 5 and the main dine MELD femains at ¥, B2 Bansisio-Tz is
T7tisthen qond%c.ltgnlg. The potential of of the transistor is increased from

VDD/2't6 VE)DD Toé control signal TS of the gate of the ansistor TE is 10
settd the-high s a--e ADD, so as to make transistor TB conducting.

The control signal ®2 of the gate of the transistor T¢ i=

2T To the low state GND, 80 as to make LCransistor To
conducting.

The transistor T6 is a weak Transistor as compared with the
serial associaticon of transistors T7 and T2, the potential of
trhe node A drops to “07. leads the TH to oz
conducting {also wealk) state, tThis has the conasguesncs of
leading the local bitline Lo VDD {from V+i, MNext, the

transistor T7 will lead the node A gloser to the low state

(by inversion of the low state of The ncds A),

this high state to the nanc-amplifier nSA, which

a Write § writing

rewrite a Y07 {cf. previous discussion o
operatlion by the nanc-ampiifler ndky.
'The control signal @5 will make the HZZ stage conducting.

The latter will Uthen deliver the signal from the main bitline

MBI {stemming from the HZI =stage) to the data line DL for

srocessing by the input/output peripheral cilrcuits (the data
line DL is floating in order to accept the signal

main pitline MBL) .
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The control . signal 02 of the gate of the transistor TE is set to the Low

.gate GND, so as make transistor Tl, conducting. 15 The transistor T6 is a
weak t-ansistor as comsared with the serial. association of transistors Ts

and T8, the potential of the node A drops to "0". This leads the transistor

T9'to a conducting (also weak) state, this h.as the consequence of

leading the local bitline to VDD (from V" . Nero, she 20 transistor T will.

lead thewnode A:clagertorthe-lowsstate-n@END: T hereonkoe. signalitd w iz the
1,1 make the stage H5 conducting The la.-t er leads the main hiline, MBL
T A6 ADD. by huetdion bt fre low State of it e &) And sonl
THER 25'this high state to'the ndrfo-amplifiéPASAS whigte Wik tien rewdite onty
a 10 (cf- previoysdiscussien ofa Write,Q writing -operationdy the name mair
amrl... fier nSA). The control signal 15 will make the HZ2 stage conducting.
The1attér Wil théhdeiNer the signal fon.m the main bitliné 30 MEI'™ 7% ©7°
(stémmiagefrom the HZI stage) to the data line D! f= processing by the
inputloutp z.peripheral circyits (the data ling DL is floating inorderto : o cpe
accept the signal from. the main bitline MBL). 20 A wr itinc operation o
pé&rformeéd by theMSA ampiifiel i the foflowind.’ From the print of viegw of 7= =% ¢
therMS A amplifierothis-=a esation it similar to a reading operation. The only
dlﬁer%ncqhsgedm%&from’“@ag {I’Hg&ﬂ %qul‘g%lonfj()f tbggﬂ@l@f@gmll}ﬂ P;ansisbors
because o f its powering from the d ;a line is the fiZ2 stage. The following
step$-dre ttie same: éxcépttwith regard fo tie st point (Fansfer thid data~=in9
ling)-which is out of eantext for awriting operation, 20t will be nated thatit »c..

in Fig. 5, the c -ter nt transistors _ o L _‘
gate. This 1ldustration was onlyv made for szke of clarity, and

this

be undesrstood that in practice the pack controel gates

[

if will
are bilased 1n  the most suitable way for increasing the

performances of the MSA amplifier.

PP S ; T = FUNR | ¢ ey e =R F s I -3

Az examples, the back control gates of transistors T7 and
T% mayv be bilased 50 that tThese Lranslistors have reliatively
[ oy Fe e 1 - T . oy g 4 P - . — 1 o S e} e i~
igh threshold voltages and are thus weaker than the other

Lransistors.

Iin the foregoing, an embodiment of the MSA amplifier is

reported within the scope of an applicatlion to DRAM memories.

It will be retained that bhecsuse of problems of noise and of
variability encountered with SRAM memories, the M3A amplifier
described eariier may advantageously be used thereiln for

ne

rt
)

reinforcing the guality of the signal and for increasing

Ay

An MSA ampiifier of the same type may be used with RAM

memcories (PURAM, CBRAM, PBC-DREM, etc.). It may &lsc be used
with fiash memoriss, wihhile  bringing atftentlion to the
regulrement o©of  supporTing  the relatively high voltages

requlred by The memory celli.
2 nanc-gense amplifier pSA according to a second embodiment

the invention lg illustrated in Fig. &

=

O

kS
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T6-TIP were illustrated wind ba x control gates, each being respeo ively
connected to the oorrespondina frnn'i control gate. This illustration was

only made for sake of clarity, and will be understood that in practice the

back control gates 15 are biased the mast suitable way for increasing the
performances of the NSA amplifier. As é?amples, the back control rates of
tra,sisto. and TO may be biased. that ___ese transistors have relatively

high threshold veltagesiand are-thus weakerdbam the:ather: 204ransistors: ha«,
the foregaing, an embodiment ofr_e MSA amplifier is reverted within the |\ _
scooe of an application to DRAM themories. it will bé Tetained that -~ "
secaise ofproblémsmoiseahd of Wariability‘encotnteretswith SRAMensuring
memearies, the MSA.amplifief, 25.described; ea fire may agdvantageoushy.c.c sa -y
be used therein _fe- reinforcing the quality of the signa: and for incre ing . .
th-e- §Bttfity of such. &7 rcu-t&; A MSA ampiifier cf the sameé typemay -7
beusedwith RAM meémoriess(2CRAM,:CERAM, FSC DRAM, _ in may

also %ysegrso erl;@ fl@%1bg},em9MQ§e\fvu flfe brvyaglpg at;tentlggéqe a5 2 maLn
requirement ofsuppqrtjng there,..a.',,.._y high voirages required by the
memory celfEA ndnd-sense AmpliffstgSA according to'a secomer 2 -ment,  may
embediment 0f the invention is:illustrateck inckigs 3 hisssecand: empodiment v to
Rioves g be, advantageays in that,, in addtion to the writing and reading. ..
operations, the hano- sense amﬁiﬁer nSA.’is also capable of ensuring N
refreshing/réstofing Gpératiohstis thereforéiot necessary - ~i 5 to resorn

d a main sense amplifier 13h; which is-natably expressedby garing writing
surface area. Further, the metal (Metals) , which used as a main by-line_ -
MEL WithiR the scpe of the firs" mbod " may © - e¢ WhEh @ 7F channed

transistor  TL1, the gourcs of which 1z connected ©o the
potential VI and an N channsl tranzistor T2, the source of
which is connected to ths potential V2.

The input of the inverter is connected to & node N1, which
nods NI s indirectly connectec Lo the input terminal of the
nanco—sense amplifier (which 18 intended to be connected fo &
main Ditline MBL) .

The output of the inverter is connectsd . to the output

cerminal of the nano-sense amplifier (which L35 intended to be
connected to a local bitiline LBL).

The nanco-sense ampilfisr nSAk of Fig. & Turther includes a
reading stage comprising a gate of which is

therefcre also to

connected to the ocutput of

the Jlocal bitiine LBL)] and
the input of the inverter (node Ni).

The reading stagse comprises an additicnsl fransistor T4,

complementary Lo the sense transiator, the additional
transistor T4 and the sense transistor T3 forming s CMOS

inverter, tThe input of which 1s connected to the output of the
writing stage {and thus tc the local kitline LBL) and the

output ¢f which is comngcoted o the input of the inverter of
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under certain circumstances prove to be too wide relatively to 10 the
dimensions of the memory ce'-. The second embodiment allows this

drawback to be overridden. The nano-sense amo i.fi nSh of Fig. 6

includes a writing stage formed with a CMOS inverter formed with s :

channel r -nsi stor Ti, the source of which is connected to the 15 potentia’

VI and an N channel transistor T2, the source of which is connected to
the-patentials V2; dhe input of therinverter eonnected:ioja nade N whichscors
node NI . 'ndi;qﬁcctly% con ec..red Eo@t_h_eeggpaﬁt terminal of the nano-sense i and
ampfifier #vﬁhrcms intended be connectedto’a 20 main nitine MELY. The™ "
gutpuf of one inverterds cofirected to the output Sterfinal Ofthecrs are thus
nana-sense amplifier,(which |s n't.enaed {o be .coppected to.alocaly: rier o
0_t=-.,& LE-) The nano-sense amplifier nSA of Fig. fur' her includes a 25
Feading ‘Stagé comprising & trafisistor 13, the=ate of Which “Coninected no

the oatput of the inverterand-thereforeralso fo sthenloeab bitine lll)fandthe ises
gra"&@@é‘@ﬂ% is Q‘BEG@CteQOthryle irL ut 0!: theq_rhweggeg_@pdeﬁl\g_) I@e channel
reading stage comprises an additional transistor TO, 30 complementary
to the Sense transistor, the addiciGnar transistor T4 and the'dénse” which is
transistar k3 farmina aCMQOS sinverer; the input of whichvisreennected; ten i
the output of the writing stage (and thus. C the local b”_tline, LBh) and tha

[ i 1
e L el Lz i i)

output o- which connected to _%he input of the invar'er of 22 “the writing-
staige-(@nd therefore t66deé’Ni) The transistors T4 and T3 are in series
betwegn power:supphyspetentials ¥4.and- M3: Thewiiting-Ti, T2and ano-sense
reading T3, T4 inverters are thus cross coupled, which will allow the
SIS LT D e OSA o OF glc‘ . @) 13 mMe §is FT‘ =1 Soms ConaAucltor-on-
nano-sense amp _fier to 5 péiform the refreshing/resiofing opérations

alore! doofinishythemeno-sensesamplifier nSA:of igig 6 commsisgs -75 has &

back contreol gate Vbgi-Vbgb capable of being blassed in order

to modify  the  threshold voliage of the corresponding

The different writing, reading and retentlon opsratlons are

dascribed hereaffer which may be implemented by Che nanc-sense
ampiifier of Fig. ©

Tt is sought te aveld any static current, and to prepars
the reading or writing operation which will follow by
discharging the local bitline LBL To the low state GHND.

The powser supply potential V1 1s in a low state, while the
back control gate of the transisztor TI iz in the high state,
The threshold voltage of the transistor Tl 1z then increased.
The power supply potential VI is in a2 low state (typlcally
0 V), while tThe back control! gate of the tLransistor T2 is in
The high state. The threshold voltage of the fTransistor T2 Ls

The power supply potential VI 1ls in the high state (VDD),
white the back control gate of the transistor T3 1s in the

high state. The threshold voitages c¢f the transistor T3 is then
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a decoding stage formed by a transistor T'_~ (1V channel transistor in the
illustrated example) the gate which is controlled b a decoding signal

YDES3, the source of which is, 10 connected to main bill-ne MDL and the

drain of which is connected to the node Ni. Within the scope of a

pr.e.ferred, embodiment, the nano- sensé amplifier nSA of Fig. 0 is made

on a se ,.conducto”-on- insulator substrate and each of the transistors T__
mb:has a.15hackcantrol gate VihghYbgbrcapable:of heing biased inardeeraze
m\gd,lfy the threshold voltage the corresponding. transistar. The different . .
ertlng readin ing and retention operatlons are described héreafter which = "
miay belimpléernted bysthémariorsense 220 amplifier 6FFig: 52Retention T4 1
it is.sought-to.aveid any static current, and to prepare the reading or ng
operatlon WhICh will follow by - ,Ln e stL to the lows_t_ GND
dischargingthe focal " “25' The powéf stipplypotent lAVIAE Iow State, ¢
while thew-ba@k:@@ntr@tgate»oﬁfhe transistori Tw ; stintthe high state,
threshold yoltage,of the transistor .then increased. The ~,.JsThe_ .- (..
power supply potentlal Viin a low state Mynlcally 0 V) , while the back ,
Sontroligatetthe trarisistor i 500 theﬁlgj”H)statéVErhe‘thf%shd}d véltage 6t =+
thestransistor, T2 is! thea. lowered: The powes supphypatential v3 in the a

gh state | Q/DD), . While the back control gate of the transistor T3 is in the

high stor T3 is then 23 lowered. The
powef %@pbly potehtiab VA i thé high stdtes (DD) Whifé’the pack con. t. of

gate the-transistor;4 is i che high state.nEhe thresheld voltage of the
transLstor TOis

power supply potential V1 is in a low state, while the

8]

hack control gate of the fransistor T1 1z 1in the high sitate.
The threshold voltage of the transistor T1 is then increased,
The transigtor Tl then being blocked.

The power supply potential V2 1z in the high state, while

the pack control gate of the transisteor T2 is in the low

he power supply potential VI iz in the low state (0 V),
while the ack control gate ¢f the Ctransistor T3 1s in the
nig ate The threshcld voltage of the Lransisteo T3 iz then
iowered, while the transistor T3 iz blocked. The powar supply
potential V4 is at VDDR/2 or more, while the back control gate
of the transistcer T4 iz in the low =tate The threshoid
voltage o©f tThe transgistor T4 1s then reduced. The resuli is

Reading continues 1in  the foliowing wayv following the
opening of the word lins which will zelilect the cell.
In the case when the datum to ke read is a 07, the local

pitliine LBL remalns 1in the low state. In this case indead, the
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then increased. 5 This allows the node N to led no the 'high state, and to

lead the -sea! bitlinrt I1B:, to the Low state. No decoding signal YDCC _

applied to the gate of the transistor To (c.he decoder is not active during

a retention operatlon) and the tran sL t  TBis -,iocsea. 10 Reading

(froc t,h retC-_"_ion) The initial condltlons are, the following. The local

bitline br is in. the -ow state. The power supply potent av VI is in a tow t

state, while the: cbacki conirol gate cfthedransistan T1 is in the high state. stzte
e threshold voltage of the tranS|sLor Tl is.then.i rease he -

t%rarw-ls:‘l}sto fﬁglec"npbelng(g blocked. The | power (éuppT)L/z| p%%entlaT(\;/bZY;ls in lt:hebhol o

gh'state, ' While! tie'béck €6 trol Gate oTIREIransisior TO'WS ivthe low &8fready

state.- Lhe threshold voltage of the resistor is then 20 increased, the '1

rans-S-t ox, T2 then being oJSOCke .J. The power. supply potentlal 3isin e

the low Stave I vy $White the back contrdl gaté of the transistor T3is "7

the= highc stateﬁ.n'l’he threshold véltagesthe: transistorT3 is-theérr loweréds hiun

while the transistor. . is lacked: The.power supply,25 potential "wis at o yer,

VDD/2 or more, while the back conzrol gate of the trans to. -4 is in the low

staté STHE threshidid Voitageofthe transistor 4 ¥ tHeh r8dGE&G The fEsult ©*

isuthatitheonede NLis led’to VDDI2: orimereThe transistor Thhs,las fori, kack

always, bIo%e@neets,_ 30 that no decoderis yet active.Reading ...... e

continues in the foIIowmg way foIIowmg the openlno of the word line ) \

Which>Will Sel&¢ the' €611.9A the tasé Wher the datunt fo béfead is'a*0" he -¢

locak sbitline IJnl remainsdn the lowstare. In this case indeed, the 22

local p[gllne L?L_ as Xyglli%s 'Evh(eheel are |tv11he low. stag iow state (0 V],

1.

while the back control gate o©f the transistor

high stats. The threshold wvoltage cf the transistor T3 1s then

lowered, while the transistor 73 i3 blocked since its gais
connected toe the locgal bitiline LBL is at O V.
Ti W =TT LW = e I T VA T inoregsasd un o VDD 1yt e
The power supply potential V4 is increased up te VDD, while
The back contro gate of the transistor T4 1s 1n the low
state. The threshold wvolitage of transistor 'T¢ 1s then

Nexit, VI is increased, while the back control gats of the

rte the low state. The Chreshold

voltage of the transistor T1 is lowesred; T1 bheing blocksd

insofar that its gate ig connected to the node NI which is at

VDD, The transistor T2, the gate of which iz alsce connected To
'

rhe node WL at VDR, as for 1%, 1z condugting. The local

bitline LBL iz then led e OV so that the datum may b

refreshed
The transister T5% i1is, as for it, blocked dinsofar that no
decoder 1s vyet active The ftransistor 7Th s  then made

conducting when the potential of the node NI is stable at VDD,
In the case where the datum te be read is a “17, the local

bitiline LBL ig initizllv 4in the low state. In this case
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(GND) so that when the transfer of charges from one to the other is

allowed, nothing occurs since the balance already exists. .. The power

“supply poLeniial V! is in the low state, while the back control . gate of the

transistor Tl is in the high state. The thteshold voltage the transistor Ti. is

then increased, the transistor _ then belng b.i.ocked. The powe-- supply

potential. V2 is in the high state, while the each 10 control gate the

translate- T2jsin theolow state:The threshold veltage iof the sfransistor i  not

then lnggeéfised_, &b@e transistor T2 then being blocked, The power supply . ., _
,poter a.l.V3is in the low state (O 7)” while the back control gate of the o

trafsistof 234n1iA the 15%kigh.Sstate. THE threshold Voltage' ¢ the trasistof 114 ¢
Trisdthen loweredwhile the transistor.T34s blacked sinee its.galences of the

qonnected to. the Iocgl]blt in s LIP.is @t 0 V. The power. supply potentlal \Z

is‘increased G up "VLL, While™ tfie been control gate ot‘ the transister TI9sn

thetlow 20 -state.“The threlsholdvoltage: of transistorsTA is tieén ineréased. w1 1:

The resultis thalZ the podeN's.led.to VDL, Next, VI is increased, while

the back control gate of the transistor __is brought to the low state. T.

onreshoid Rioitage BiE R tamsistor T7-s towered; T béifig becke 2557 75+ &

msefarshbat its:gate connectedto thesnodeNlswhichris at VDL. The the high

t,gan§|§tor FR. the,gate of which. alsgfggnneu edto the node Nl at VDP, @s hen

foritis onduczmg The _ocal_ bi tii ne LBL isthen led to 0V so that the

datuRi &y be refrested B0°ThE transistor T5 & foFit. “Blocked insofar Fower
that:no, decaderds yet active, sThe tramsaetoﬂ@ns theammadesconducting back

iooal

Wheg the potentlal of the nqde N, is stable arc VD, in the case Whege e
the datum to be read i |s i the fbt:" ai. b Cline LBL chllfy |n the low state: N
Inthisease volibage OI transistor TZ 1s then lncreased, the

translistor TZ thern being blockad.

Thne power supply potential V3 is In the low state (0 V),

lowered, while the iftranzistor T3 is conducting since lis gate,

the back sontrol gate o0f Lhe Yransistor T4 Ls Lo The  Low
state The hreshold woltags of the fransistor 74 = then
increased, The result is that the node Nl iz led to O °

Next, VI 15 increased, whiie Vbhgl is brought to The low
state. The thresheld voltage of the transistor Tl is lowsred;

Tl keing conducting ilnscofar that lits gate 1s connected o the

node NI which is at 0 V. The Zransistoer TZ, the gate of which
18 alsoc connected btoe The noede WL at OV, is, as=s for 1t,
Dilocked. The local bitline LEBL is ther led to VDD so that the

datum may be refreshed.
The transzistor T isg, az for it, bklocked insofar that no

e

decoder iz vyet active. The zifransistor T5 iz  then made
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25 indeed, upon opening the word line, the balance is not attained.

Charges will then circulate between the cell and the local hitline LBL so

as equalize the voltages. The fine- voltage corresponds ara__.0 beuween

the capacitances of the ....5bCc~1r _,~111"R T.nL and O the .,,|_ (i"1e
toiq.Y-t.'i,: lo ca-_ _airline LBL, the weaker will be the signal) This

voltage wrl- be read be the nano-sense amriiifier r.S . The power supply
potentiakYhis inrthe lewsstate, amhile thebagk-control gaze:of thezrie =t o v.
transistor . -.is in the high_10 statg. The thrqsﬁhoj%vgl age othe R
rﬁ?é\‘lhsfsjig?zlﬁ' Tisptjﬁ%ﬁei%éreogéeﬂ??hteﬁ"‘t“ra[%%?s?of“ 11 then b‘é%ﬁgnbfoec]k*e“dé' The © *°¢
poweér stupply: potéitial V is in the high state, while th.e back control to of

the tramsistar T2 is.in the-low, stake. The. ; 4. esho-g; voltage of transistor

i2is tq?g ing}r_egsgg{!__ the Qi?ﬁ;r_‘anlslstorh T2 the_rr_ll__it’)@lngirblgckéd. The power
supply Poténtial V'is is."the Tow state (0°C); whilé théback control gate of

the trafsistor A2:issincthe Thigh stater:me-threshold voltage<of the transistar? <o
Thkis then,, lowered, while the tl al'l ; ia. zOr- -3 is COS": ~'--u.. t.ing since

its IX%‘ i_e, 20 connected to the local bill ne LEL, has a greater 7
pote_ntla” ~than’ th& thfeshold voltdge T-THE povier supply potehitd Wt isiave =
increased:-swhile'= the back tor: Loagate:of the;ansistorisdis thes Jleww. on n1.
stale Theb.2sh) I CO-dg githe 20,05, QL Ay then 25, . .

increased. The'r_su_. is ?ﬁat the node N' " is leu. so 0V, Next, -is =~ ~°F
ineréasett, While Vg © brought téitie low stdte. Thetthreshok voltagesok:  to
thel caam -stog T is «@weked.; Tl being conducting ; insofar that its gave is
conne\](;teq to @g@qnodg N,_,Which,}fgl?ﬁ., 0 V. The .transistor T2, the gate of

which. 30'iS al$6 connectedto the rode NI &t 0V, is; asfor _““Blockéds - *"=
Travipealotl Aé hBL isthertleddhsdT.  so that the

V1 1s brought from the low state to VDD, while Vbgl iz
brought from the high state to the low stats. The threshold
voltage of TI iz low: Tl is Dblocked (Ni gate in the high
gtate) . Transistor T2 iz conducting, while transistor T3 is
blocked which allows the local bitline IBL to bs brought to
O T'\f? v

Next, V4 1z brought Zfrom the low state to VDD, The

information is now stable in the ampllifier formed hy  *he
translistors T1-T4.

CHWrite 17 writing (from initial condiftions)

The main bitiine MBL 1s in the low state.
The transistor TL iz conducting, leading the node N1 teo the
low state.

iz brought from VDD/Z2 o©or more to the low state. The

V1 1s brought from the low state to VDD, while Vbgl is

brought to the low state. The threshold voltege of Tl iz low:

Tl 1z conducting which allows the leocal bitline LBL Lo he

brought to VDD
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datum may to ,ref_eshed. The transistor TT is, as for it, blocked insofar
tha: no decoder is Vet. ac ive. The iransiszor if is then made 26
conaucting when the rotentiai_ of the node N: is .-able at C T.. The signal
Present on the Ni node then transferred.onto the main ',ir_'_ine MEL. "Wr
ate writiro (from rn_ti 1. conditions) 5 The maim w, i_ne Mr{L J..sin the
ion rate. The trans stor' Ti is conducting, by naing the node. N1 to the
high stade. #trwilkbe note' that the ahsstor, 'Swmay<showever haveistor T3 is
gghl%trate elftgect and not )Pass the whole ._ the siana_ on Ni. 10 This
however is not very mrD rl1-a.n i.)sof,. that the 4 transistors -Tz will amp
and réstore thé signat to-¥éan’ 3-<"c fevels: V4 $H.r6u 7ht from. VODES then
pr.motedhe Low state. The transistor T,' then blocked. 15 V1. s hroun:;t
frorrm the loo: tg .etoVDD w'l.e meg brougt frgm the h state to
the Tow state. The threshold’ voTt(aEtg]e of TD is low® Tiis b.o"ked (T, t{jate
irFtherhie 1 Istate) oTraniss72 ireondacting, ‘while dr &> 3 stor T is blocked
which allow:the cal-b -live LBl fo bedrought to 20 0z:V. Neat, V0 narged to
brought from. the low state to VDD. The fo.. Ynlutlon isi'ow s able o

" fier formed by 'the” transistors .. ~-T :drd7tions) °55 The maih  (°7 ©°
hbthneaMBL isvthe. irr stated Thitransistoras conducting-leadinc the node
NL tosthe low state. V9. s-brayght from VDD/2 ar,more the .oustate. | iy
The. transistor Tc then. blocked.

81}
o

performances may b2 Increasad by virtue of their back control
gate, and this both when they are conducting and when Chey ars

plocked.

The transistor T3 should drive the node N1 and then the

mairn hitline MBL during z reading operation; T2 is as small as

cossible in order to minimize the charge of its front gabte on
the local pitline NBL and its performances may be increased by

ts pack control gate Ior rapidliy conducting NI and MBL.

h
to
it

ossible fo secure the

{n
n

With the <tTransister T4, 1z is

ge

refreshing operaticons and fo override tThe body etfec: of the

PR e T T+ e q PR S W PR T B S e
transistor TH. It iz selected to be as small as yO“QLFLQ.

as the transistor T2, 1 necessary with the same choices as

regards  tThe b contro Jate The fransistor Th 1z not
critical per se but reguires about & to 1285 buses n order to

Eventually, the nanc-sense amplifier of Fig. 4 is wider

than that of Fig. Z, essentlally because of the decoding pus

DEC. This bus may however pe shared betwesen twe adjacent
erent data bits.

The nano-sense amplifier of Fig. 6 howevsr does not regqulre

any main sense ampl:ifisr, by whlch the ilncrease in size may be

compeusated, as far asg the YDEC bus has & reasocnable slize.
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30 VI brought from the lot; state to VDD, while Vbg1 is brought to the low

state. The threshold voltage o low: T'is conducting wl.'ch _ 'ows, the log a

| b_tli.ne LSD to be brough'to VII). 2 The transistor T2 is blocked, while

the transistor T3 is conducting. 76 Next, V4 is brought from the low state

to VDV. _is then blocked. 5 Various pﬁysrcal considerations are

presented . hereafter as regards the nano-sense amplifier of Fig 5 As

showriearlier, thédocal bitline::BLris orexchargeddo=GN'Javhilesthei.imain: i ons

bit LBL is pre-charged i YDh for to the sameJevelas VA dyinga. .. - che

readlng operation). 10 The transistors -l and T2 are sm. . as POSS|bIe

theh® pefforftantes may 5e fricreasés by Virtiie ot thewr backiSergrso o= -

gate, and this beth when they.are:conducting andhwhen:they-are: blogked. cicr

The trans =or, should drrye the node NI aﬁnwd then the. 15 marp b|t||ne

MBL durlng a readrng ope- atlon g as small as possﬂo“lje inorderto -

mirimize the chargeof i° 'rant-gate or ‘thedoecak  t oné NEIL and itsnano-sense

perfermances n.av besincreased py. itspack,contral.gaze for-rapidy-crraa  on

conducting N.'l.. ano MBt. With the transrstor T4, in. is possible to secure
the? 20° regesjnrng ‘Operatiohsdhd 16 ovetride the body effect of the © =< -

transistarcT5s itlissetected terbe as:smallas<possible: ThentransistopTS it is

shauld appreximately have the same size asthe .trans,, :0r=3.if . i cpacics

necessary with the same choices as regards the back control gate. Th .

fransistor°S iS'ReE22 EffizaPper se But réquires abdut Fto 125 buses fn o -

arderde-ha-able to0perate-as @ decader. Eventually, the nano-sense a

pIdee{, of ig. |s wider

perrormance cf zhes nano-sense amplifiers {both

embodiments) 13 obtained through the use o¢f a back gate on

Se0I. However, it ids clear that the wrinciple can be also
applied on any type of double-gate transistorsz having a second
gate such as the multi-gate finFets for instance.

It has furthermore to that the simpiification cof

the schematices, tThrough the in numpber of devices and
irn their reduced sizes, makss the application oI the nano-

sense amplifier according to the invention wvery attractive to

other {(s.g. matrix arravy like) c¢ilvcuits tThan memories such as
imeagers or analogus  converters for  instance,  In another

application, fthe nanc-sense amplifisr can be used as a bus

s indicated sarlier, tThe nanco-sensgse amplifier provides iLts

oWl reforence (threshold wvoltage of transistor T3) anad
nerefore it does not need the prezence of a zecond matrix to
gerve as & reference like on a conventional architecture

represented on filgure 7 {indeed, conventicnal systems need =z

reference Matrix for compensation of unknown offset wvalues
that are dus To irregularities in the fabrication process).
In addition, as it will discussed in further details bhelow,

the nanc-sense amplilier 1s very compact, it can be

arrangsed in a perilodiciiv meetfing tThe minimum plitch of memory
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than that of Fig. 2, essentially because of tine decoding bus YDEC . This

bus may however be shared between two adjacent 30 matrices _- these
mazrices store different data hits. The nano-sense amplifier of Fig. 6

however does not. require any main sense amplifier, by which the

increase in size may be ape's ted, as far as the YDEC bus has t

reasonable size. 28 With it, it is further _. c,. 5rrrle to override the
limitations due possible cangestion of the Metal3 in the. case. of the. firs s -

embodlment |n% far thqt tpe main. biz i |reb|s decoded has to be notefd? .
fhat that the riano:se se amo__fier dacorc.n: to the flrst emasaim,er. ¢ TS
presentdd Tigire 27 based & "Half fateR ‘structife’ Viliile thé Haho-sengé non-
~ ampflifier'according 10 the. second embodiment presented on figure E is

constructed omn-the-qds= . lateh;stiuctures The, proposed-schematics arenere is

on o -her schematlcs comprlsmq more tranS|stors elther in the Iatchlng e
mar“§7in the decode: prec:arged parts. The performance of tie “=-  ==1=¢

RERd-sehse amplifiers-fbothe ehibodiriénts! s obtained thrbtgh thetusécddres
ockadack gateien=15 Se@l However, itdsclear rieer thewincip camberns into

alse-applied;on any:-type of double-gave transistors iavini.secongk gatgs: i siex
sych as thgf@g[ﬁl gate finFets for tance, has furthermore to so note 7. that

the simu lir_ ation of the schematic-, through the reduction in number o
devices and® 33 it thelf fedtraetisizes maKes e a’pcpllcaf'ron the néﬁd making
sense amplifier aééording®o'thetinvehtion veryatiractivete other'(glg., sons

matrix areayslikey circuits than memqmesfaeuch as dmﬁgers oranaloguec hbanks

M

be uged a bus ZLSﬁre,generator,\As |nd|cated earlle[], jhe qano sens'e )

c:i""r [SENR s o)} Yooy De as

ampllf'er prowdes its - oo T =
large as 2 times fhe pitch of the cells; it may be

possiblie To provide “on-pitch” nanc-ganse

amplifiers, as ilarge as the celliz).
it further becomes possible Lo lecelly decode

sense ampl:ifiers by placing the ‘ogic of the column deccder on

w

the “iree” edge of 2 bank of nano-sense amplifiers bank a=z it
iz reprezented on Fig.%za and Fig. 8b., For instance, if the
architecture o©f the conventiona. clrcult initially reguired
128 bhusses to deccde each sense amplifier within the bank like
on Fig 7y “hen  the  new rganization of *the nano-sense
amplifier and ts decodery regulres onlv 16 busses (8 most
significant bits -~ MSB - and & least significant bits - L3B)

This feature is particulerlv advantagscus as the nanc-sense
amplilifier occupies zgignificantly less area trnan the

conventionai sense amplifier and therefore needs only feaw

metal busses over 1tz area To decode The bank. Most of the
column decoder circuiz can be Iintegratsd intce the on-pitch

area and noe longer need to be In the periphery of the memory,
l.e. becoemes an on-pltch circuit and thus becomss itseif very

small in area and has a much lower power consumption and &
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own reference (threshold voltage of r.ans tot T3) and therefore it does not
need the presence of a second mamriE to serve as 11 reference like on a
conventional architecture 30 eseanted on figure 7 (indeed, conventional
systems need a reference Matrix for cgmpensation unknown offset values

that are due to irregularities in the fabrication process). it addition, as in .

will discussed in furt.he details below, since the nano-sense amplifier is

very compact;carsbe <35 arfranged:in aiperiodicity.meetingthe minimum-picch
BL}%Q Pf memory ggnglz@uys’egh& C%&Q?J%tmam%%%m %QFe %éheextendei for

techniques. The addi-tonal area be--..ween adjacent memo: arrays can
fithet b uséd forciretits "één 2o’ t&or noh='Pifichéd ¢ c; a8 "He"
pano,-8ensecamplifierhay: ngas&-eC.audti'phthere k2 Yineed resandar  the
dng to.a staqy king.,, e hnigues, A SC 6a, ea ;staggering. eghn e, Jor . ¢y,
several conventional sense” amps, fa e. circuits behind each ¢ her in

otcrert  addressiseveratadjdacentcolimms meniory tells wkilestaking inte” ©%
-2 000:23 tnbe -Gk _ difference in: hie-rweer the-sensg.amplifier. and;the: coes
cells) sown on the gxarp}ple o ffigure 4—?@# ra. her -h an making use of a

Sihgl& Bahk Bt 128 Sfaggered tonventional sense =m-vii? er, (fir %) , 1-4-

is possiblerto maxis L Seldisitwo banks 456f 64<nanossense amplifiers.ilar
(here.the nano-terse.amp iiers, are,said 1o, JG. effectively. ron-pity, that. . o
they may he as large as 2 Mmes the pis o- the ce, |.s; may be po sib! tc

PYOLTH +5e pitfe: "1F o g *CR P |, Ssende dmirp_ifiets; as largé'asthe' s °F
cells)r20:furshe-beecames pos-ble todocally:decode these:nanorsense anct the

amplifiers ny uiac-na,rho; '_qu-c.or.the c. ymn ag.oder on the ‘free” edge, - ..

llg

ig.ba

= =2

ank of nano sense a_npbank it is represented on. ig.ta and Fi 8b.. i'0.
PHcE e flexibility to optimize all the peripheral Ifunctlons

of the cirpculn.

It has been shown tThat pilacing the column decoder next to

Al

i
,\

o

the nano-senss amplifler bank decresa: the =zmount of Dbusses

iy

U

needec by & Tfactor 4. Furthermore, the remalnlnd busses are
shorter as they are integrated in the on-pitch area. The

immediate conseguence of a local decoding approach ls. o a gain

thanks to the proximity, and they are smaliller as well as less
loaded. The power consumpiion is also reduced Ior the same
reasons. Speed can be increased at no extra cost bacause of
iess parasitics.

Placing other circuits can be also beneliiciary

circult. For instance, having This to pilane Lhe

different voltage gensrators nexi to their load ({(Vplate, VBLE,
sto, . ) reduces or cancels most of the sources of disturbances

(chmic losses, capacitive coupllngs)y for these functions.
It is c¢lear that ths organization shown 1in figures Hz-8b

and Sg-9% are exampies, and the person sgkilled in the ar:
-

wounld contempliate that other block crganlzations are possible,

Tr particular the sense amplifiers could be organized on only



architecture the conven ,Omar- circuit in.-. :ally required 25 128 busses to
decoo-e euc_. sense amplifier with r, the h ,]r like or Fig, then the new

organ' zation cf he-: ran o-s or se- ampl.iand its decoder requires only 6:
busses (8 mhos',. " bests - M._T - and.c a ca ;?: significant. bi_s LSb;

fulfil the same functionality 30 This feature is particularly advantageous as

the nano-sense amyl Mier occupies significantly less area _h an '::he Er)
erte |kE:Ore reedsn€"d:i few, canventional senseamplifieraandmetal on cither
busses over jts area to.decode. he: bank. Mostoffhe Ggluma. decode. ), ..
CirU_"can bee in::elXratd in,L'.. the or-pitch area and o longer need '
o5& 37 HinE Petiphery of the memory, i.e, becomes an on-hitch circuit and
thus becomes r'--self very small n. area and has a m air!. lower power
cornsumptio ana a higher speed. 3 0 The integration of other circuit

blocks into the on-pitch area, next to nano-.sense amplifier banks can be
extended for instance the address buffers themselves as shown on

Fig.9a and 9b. The address buffers can be distributed under the column
decoder and the requirement for_ busses dec'-eases co :,wo 3 addresses

in he given example. This second groans of _ ~_ row of function may be

not "on pitch" as the number of circuits does not correspond to the array
pitch. Other fur ona Dies can also toe placed in a similar 10 manner next

c the nano-sense am _e s banks, such as, for example voltage

genera'tors, pumps, anaiog functions, or redundancy control. There is
virtually no constraint and the absence h .ine refe once in the nano-sense
ampl'..--ter provides fiexibilit, to op imize all the peripheral functions 15 of
the C_rcui..



it has been shown that placing the column decoder next to the
nano-sense amp' fie.eer hank decreases the amount of busses needed:
by a factor Furthermore, the remaining busses are shorter as they.; are

integrated

___the on-nizoh area. The 20 immediate consequence of a

local decoding approach a wain in area as the number bus drivers
(buffers) may be reduced thanks to the proximity, and they are smaller .

as well as less loaded.

The power consumpﬂon is also reduced for' the

same reasons. Sneed can. be increased an no extra cost because of 25
less parasitic-s. Placing other circuits can be also beneficiary for the
circuit. For instance, having rule oppo unity to pacee the different voltage
generators next to their load (Vpia." e, 7BlIr, _etc...) reduces or cancels

most of the sources of disturbances 30

losses, capacitive

couplings) for functions. in clear that the organization shown in figures
3a-Ora and 9a-9b are examples, and the person skilled in the art would

contemplate ti_.other bg%glorgamza}m% are-nro ihie. , In particular.the (ci, o

R B LA

sense amplifiers could be organized on onIy 3i one side of the array, or

two bloéKs Ea'bE"dispose A~ &ithér side of th..e array to address

odd and evgn,wbitlmgg,ﬂ

p) of a series, of cells (Ti,
comprising' & GO mvErt ?‘ thé TPt 6Fwhich™is difscty 6 mdired & ==&

-ne

respepiiveln32; CLAIMS Agense amiolite_ (rzr:m;;; ,

f a memory, |nclud|ng a writing stage
e

connected tonantinputterninak of the: senseamplifier,"and output 0@ ocutput

qush iS. Qonnected 1o an.autput gg—mlna}o

.. the sense am, sfie rintepded,. .

Lc be connected to local ol'_~no (PS addressmg the cells of said e

r.es amplifier

(LEBELY
a reading
gate

the of

[
Rl

and

inverter

nvert

2.

input

The sens =

i E\ =

of

input

wul

reading

complementary

Trangsistor
inverter,

of the

e
LT

30 o the input

in L_eLl( ed

Jd11C<W1nﬂ

Lerminal

stage Ccompri
and
The

ading

o bhe connected to a locadl bhitline

the ceils of

o
ey

stage comprising a it or

which 1s connected to the output of the

the drain of which 1s connected To

o

amplifier , wherein

Wwriting connected

oy
[

sald inpub terminal being

[ e

amplifier according to claim 1,

CMOS

of o

i1s

input connected the output

stage and the output connectad

of the erter of the writing stage.



a reading stage combrising a sense transistor (T2)r the gate of which is

connected. to --'Leff output of the ,ems tee: and the drab r wt _s connec d

t,. -neut. of the inverter. 2. The sense amnli*=ier according to claim 1,

jih.erein the nput: o v.Ine w _inc; stage _re ct', copnest .d to the 20 nuur

Le m-na- of the inverter, said nput terminal, neino .i tended t.. be
connected a main bitrine (PS ) which w , ess a ni-t g'1 'y of sense amp !
_tiers ~_roarallel . 3, The sense amp _ier acccricro to claim ', woerein
the reading stagy comprises an additional ransistcr (T4) omplementary-
t.0 tne sense ans .>T-or, the a-dd rionai nsi_> or and. the s transistor

forming CMS, =vzrte:, the inputia which. is connected to the output .o the .

reading stage and the outpu whh is connected 3C' -co the inpu o: the

inverter GFtHé Viritirt Stages 35 ™4 Thé $énsé amipifisi-accordiig fs-cRim™

3, wherein:the input:anihe mitingrsage. is-indirectly.cennecteita-the egm,
nayolnvetercc-_la stgggP mp-.s,n- trar \istor:f(ﬁ'l;S), (}hg T.d‘,(ainﬁ‘ of .

o the

stage

? chiprising 'a Fetdr INSP k= 1n, Oof which 1is
mric.._ 5 connected to the input. term..na”"_ o the sense am = fier- andrtjh_el §
source 6fwhich-i“nnecied to theL np-hofthes wrditin.§ @ st€se 9¢ SaMhel fier
sense ampli - 6. accordingde any:enthe-preceding €2 @ims,wherein: o« the

one or more of the transistors are multigate transistors-. 6 rh.e sense
amp;_ i€ according to the preceding claim, characterized __ that made
or a semiconductor-on- su'_ator substrate comprising a ti- -r layer o_

1 1
S—WWCOQP fggesgﬁggﬁéggglgier according to any 2f the prec
10 cilaims, wherein one or more of the transistors

Tode g e e e g ~
multidate TIranslstQrs.

eding

are

6. The sense amplifier according to the preceding claim,

characterized in tThat it l8 made on & senlconductor-on-

-
8]
-
o
i
=
i
£
of
C
e

sulkstrate comprising a thin laver

semiconducting material separated from & base substra

by an insulating  lavyer, and 1n  that each of

fransgistors has a back control gate formed in the

substrate below the channel and capablie of being biased

20 in order to modulate the thresheold wvoltage of
transistor

7. A method for controilin

nge amplifier according

to claim 5, wherein tThe biasing ¢ one of The gates of

25 the transistors 15 meodiflied during opsrations

cells O

sald

8. A methed for controlling a sense amplifier according

3G to clalm &, wnerein the blasing of the back control



.. t, -se ubstrate actin~ mater by an insulating layer, and. in th each o" the
transistors has a back control gate forme. ill .he base substrate below the
‘cannel and. cap x111. c'. of be i g biased 20 in order to modulate the tare

no C. ,70 -age o tile. transistor. 7. F method fc con"- -rolling .. sense amp

ifie, cording to -'aim 5,, wherein the biasing of one of the gates of 2 the
transistors is modified d-_ing operations for v t-ng, reading and data in
the cell-. of said series. 8. A method for controlling a sense amp tier
according 30 claim u, wn "rein the bias nothe back control gates Sv
modified durino operations for ruing, reading and re' _--ing data in the

el - said geries; 9. The method eccording fo elaim 8, wherein during a,
read: an Op: r'r_tion, ":.he thresb.o id, volt ge the transistors of the writing

.rage isificiease dl arid © he" threshofd: voltage ot theransistor(s) the
reading _tag-- is reduo ems- by contrr_J in!",' the hiasinc r-ge back

contrO- gates thereof. iC, 10.-he: meth,od“accqwrgjngﬁt% claim 8, .n during a

and

apring &

. R e mE T e, amoyr 1o e ) N {11 Wile neiin .
writing operaﬁon., tire thireshoid. voﬁage of the ‘transistors o the writing

sage is reduced and-thver threshold 2voitage cithetransistor(syothe ©f  the
reFd-ng: . 5 stage,is.increased bl,controlling the-hiasing ot~k PECK anc the
threshold woltage o¢f the <transistor{s} of the reading
stage 1s reduced by controlling the bkiasing cf the back

control gates thsrecl.

i0

10. The methed according fo clailm 2, wherein during a

i

writing operation, the threshold voltags of

tranzistors of the writlng stage 1s reduced and

threshold woltage of the Transistor(s) <f the res

15 stage Lls increased by controlling the blasing of the back
contiroi gates Chereol
11, The metheod azcording ©o claim 8, wherein during a
retention operatlion, tThe local bitline is discharged via
20 one cof the transistors of the writing stage, for which
the bilasing of the back control gates 1s controlled so as
Lo lowery its threshold veliage.
1208 main sense amplifier (MSA) intended o be connected
25 via & ain pitline (MBL} ©To & pluralitvy o©f sense
amplifiers accordilng To any ok claims 1 Tt G,
characterized in that 1f comprises a step for amplifving
the szignal (T6-T10) delivered hy & ceil during & reading
operation, and a switchable high ilmpedance invarter stags
30 {HZ1) for sending back the amplified signal onto the main

hitiine following bthe reading opsration.



confirol gates thereof. 11. 1'he met hhod according to claim 8, wherein...

turing a retention opera iron, the lona bit in a.s_harged .._- 20 one of the

tran sistors of the writ n ,rage, for which he biasing o. trr.e back control (jar

-e 1s control led so as to 1.0 wer its threshold voltage. 12. 1, main sense

amplifier (MSA) intended be c onnect.ed. 2t) /ie a. ma In btllne (MEL) to

a plum] ty of sense am ie.rs a cordi_na en 'inns 1 t0 6, aracterized. in i,

het; comlrises e a_ep for amplifying the S|gnal (T6-TIO) delivered by e cell

d reading operation, and a swit*nable highi impedance inverter stage 2

(nL'.) for sending back. th.e am -fi.ed signal ant':: hie main. ,pine etlow

Lng theeeadi n&Qperngn 13, Aé%se ampjlflgrlgnsA) including: - a

writing stage comprising a '0GS inverter (m--i2) the input of which is

directly of indirectly 1eennected to-an: mputterninalkdf-heisense-amm-(Ti-72) ,
__ler, anddhe cutout..r r.connected-c.an Qutput termipal .he sense am. ; +

_fie" Intended to be con- ct.ed. to a local ‘i Inc, - a readlng stage

comprisifly a'88Hsetrafsitior (13) thé cate6 WITER S Eonhedted fo's.- “¥EPut

output ofthehinvierter andrthecgrain of:whichuisiconnecteo to the inputind 0=

Of the gp‘verier .and, wherein. one or more transistors of the wr__; ne.

stage ant of -.he reading stage are independent. double gate transistors

5 14.g matrix arraylorce]a connecteditg lodaldines andEto wo dlineszor (T35,

characterized,jpdhat,, = ingludes sense. amCaccarding to.any sclalims | o= -pe

or to Clalm 2015. A ma' r ix array of -ells accordin clalm "4 whereln ‘

the sensé Aimplitierd ire made o a ' m“€onduc'd_ =R instfator =7 ~TPut

sulbstrater the inverter;

and wherein one or more transistors of the wrifting stage
and o©f the reading stage are independent double ogate
Transistors

15 14 3 matriz arrav of cells connected toe local bhitlines
and to werdlines, characterized in that it inciudes senge
amplifiers according to any of claims 1 f£¢ 6, or toe claim
i3

26 1b. 2 matriz array of cells according to claim 14, wherein

the sense amplifiers are made on a semiconauctor-on-

insulator subkstrate.

16, 2 matriz array of cells according to claim 15, wherein

25 the sense ampliflisrs are arrvanged 10 one Or more sense
ampliflier banks and IZurther comprising a column decoder

rlaced next to eacnh bank and configured to drive said

bank directliv.



16. A matrix array of ils ac cordini to ain!. =5, wherein 25 "_he sense
amplifiers) are arranged i- cne or more sense amplifier banks and further
comprising a column decoder placed next to each bank and configured
drive said ba.n'k directly. 366 17. A matrix array of cells according to
claim 16, further comprising circuit placed next the sense amplifier tank;
or the column decoder. 5 18.1 . memory including e matrix array of cells
according to any one of claims 14 to 17. 19.A matrix array of cells
comprising sense amplifiers and. column decoders, wherein the sense
amplifiers are 10 arranged in non-staggered fashion in one or more sense
amplifies panks and, wherein a column decode: is; placed, next gach.bank

. . fipa =1 1S T aCcoralng T Loy rLurther
and configured to drive said bank directiv. 15 ’ '
comprising  logig circults placed next te  Lhe sense

amplifier banks or the column decoder.

5 18,2 memory including a matrix array of cells according

Lo any one of claims 14 to 17.

19, 2 matrix array of cells comprising sense ampiifiers

J

and column decoders, wherein the senze amplifiers are

f

10 arranged ir a non-staggered fashlion 1in ane or more sense
amplifier banks and wherein a2 column deccdar i1s placed

next tTo =ach pank and configured to drive said bank



