NANO-SENSE AMPLIFIER FOR MEMORY FIELD OF THE INVENTION The invention generally
relates to memories, and more particularly to a sense amplifier of a series of memory cells. -
BACKGROUND OF THE INVENTION 5A conventionalon CO amplifier general-:y addrcess,s about
256 to 7,024 memory cco(rs -s2A a (on4", a so-called hitline. The conventional sense amplifier is more
specifically a. differential amrdHfer operating with a hitline and a complementary Offline which is used
as 74 reference line. 10A conventional technique for increasing the pArdsrmances of dynamic DRAM
memory consists in reducing the number of cells addressed 'Dv a Sense amplifier (reference is also
made to a reduction in the length of the, Offli However, a larger number of ceg-o=.. amplifors has to
he prdyided in order to address the \)%%%Te %@%%)5 C%\f’épﬁhlgﬁﬁﬁ d‘r%é\,ﬂ‘"rﬁgﬁfory, whioh expressed by a
loss of global er,f.fs-ncv insofar that management of the memory consumes usefularea to the
detriment of the actual memory. In order to react to this less of efficiency, the article: 20"A 500 MHz
Random Cycle, 1.5 no Latency, SCI Embedded. DRAM Macro Featuring a Three-Transistor Micro
Sens- AdoMf4--", Earthatal.,ISSOC(2007,Rases: 486-487showsan architectural hierarchy based on
sense amplifiers, sc-called mdcro-sense amrdmis, addressing via a local hitiHne, few
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3 Eoconventional sense amplifisr general addresses about
256 te 1,024 memery cells via 3 line, a so-called Ditline ne
conventional Eense ampiifier e sl a specifically &
griferential amplifisr operating with & kitline and =&
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2 cells (32 typically) but consistingvery few (typically three) transistors. It will be noted that this
article proposes an architecture in which the different memory cells are‘made on a silicon-oninsulator
substrate (SOT). The different micro-sense amplifiers are, as for them, formed either on a bulk
substrate or a SOI substrate. Each micro-sense ampi fl has two input terminals connected to two main
bitlines RBL (Read Bitline) and WEL in (Write Bitline),which will control the read/write operations of
the cells addressed in parallel via the local bitline LBL connected to the output terminal of the
micro-sense amplifier.  Resorting to two main bitaines proves to be a problem in that the
architecture pféposed bi<thisttier éannob be trarscosed for produsingystandaloneymenzaties and
thus remains limited todheproguction of embedded memories.  Further, each micro-sense amplifier
can only address a_!rgdhycgq umber of memory cells (15 to 32 typically) so that a relatively large
number of micro-sense amplifiers -(ffom 64K to-20128K fora 2 Mbithémioryy has 16 besresorted to. In
spite of the relativelyirdduced size of tee maerocamplifier (enly3dransistors) , the drawback mentioned
earlier of significant - +surface;censymption forthe senseamplification function, to the detriment of the
memory function, therefore partly 25remains. SHORT DESCRIPTION OF THE INVENTION
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Bitline) which will control the read/write cperatlons

of the cells addressed in parsllel via the locoal kEitiine LBL

connected to the output Terminal of the micro-sense amplifisr,
Resorting to two main bitlines proves to be a problem in

that the architecture proposed by this article cannct be
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oducing standalone memories and thus remains

limited to the production of embedded memories .,

20 128k for a Z Mbit memory) has to be rescrted to. In spitmlﬁf
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SHORT DESCRIPTION OF THE INVENTION
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il pLjyect of the inventlion 1@ to propose a technicuz which
aliows the drawbacks of the architectural hierarchy proposed
in the aforementioned article to be overridden
30 For this purpose, the invention proposes, according to e

rst aspect, 2 sense amplifier for s =sseries of calls of &



The object of the invention is to propose a technique whih allows the drawbacks of the architectural
hierarchy proposed in the aforementioned article to be overridden. 30For this purpose, the invention
proposes, according to a first aspect, a sense amplifier for a series of cells of a rewritable memory,
including: - a writing stage comprising a CMOS inverter, the input of which is directly or indirectly
connected to an input terminal of the sense amplifier, and the output of which is connected to an
output terminal of the sense amplifier intended to be connected cf,c a local bitline addressing the cells
of said series; - a reading stage comprising a sense transistor, the gate of which is connected to the
cutout of the invertenand ¢he draindfiwhich, is eonnected ta:the:input of thedinverier:c Acserding to a
first embodiment, the input of the wrifina stage is.directly connected to the terminal of the 10 inverter,
said input terminal %%ingﬁﬁ%h'd%%%ﬁt&"bn%écté to af%ﬁésiﬁ bitline which will‘address a-plufality of
sense amplifiefSHFareiel. Atcording ¥6-a séese leémbodinient sthearedding stagesconprises an
additional transistoresepmplementary to the sense transistor, the additional transistor and the sense
transistor forming a CMOS inverter, the input of which is connected to the output of the writing stage
and the output 6F Which 8- C6nectad t& the InpUt of tife iFvefter BF BieshWiiting stage. iFs second
embodiment, the inputief therwEitingstage 7Bemay hedndiecthreonnected:to thedinputtesminal of the
inverter via a decoding, stage comprising a transistar, the drain of which is connected to the input
terminal of theczéng%%r%pﬁgﬁef gﬁﬁetﬁsé”s%bu“rge bﬁ“wﬁiféﬁ IS connécted to the input of the Writingpstage.
250ne or more transrtoEssf the: Sehsé ahgplifisfloodiment, the input of the writing
stage 1s directly connectad <to the input terminal of th

Leing intendesd to e connscisd

pot

™i

]

b

10  inverter, said input te a
te a main bitline which will address a plurality of senss

amplifiers in parallel.

According to & secc embodiment, the reading stage
comprises an additional transistor, complementary to the sense
15 Transistor, the additional transistor and the sense transiston

T
forming a CMOS inverter, the inpur of which
the output of the writing stage and the output of which is

connected to the input of the inverter of the writing stage.

20 may be indirectly connected to the input terminal of
inverter wvia a decoding stage comprising a transistor, thse
drain cf which is connected to the input terminal ©f the senze

amplifier and the scurce of which i1s connected to the input of

25 One o©or mere  tran
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multigate transistors. The blasing of one of the gates of the
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multigate transistor
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can be modifisd during operations

writing, reading and retaining data in the cells of szid
series.
30 T = I - . 2 . . = -
G I'ne sense amplilier according to the first aspect of #hsa

invention is preferentially made on & semiconductor—onhi-

insulateor substratse comprising a thin laver of semiconductin



multigate transistors. The biasing of one of the gates of the  igate transistors can be modified during
operations for writing, reading and retaining data in the ccl Is of said series. 30The sense amplifier
according to therst aspect of the invention is preferentially made on a semiconductor-oninsulator
substrate comprising a thin laver of semiconducting material separated from a base substrate by an
insulating layer, and each of the transistors has a back control gate 4 formed in the base substrate
below the channel ard capable of being biased for modulating the threshold voltage of the transistor,
According to a second aspect, the invention relates to a 5 method for controlling.a sense amplifier
according to the firstraspect bfthesinvention wade obvalSe0i substrateyrin which thesbias ef the back
control gates isJnpdified duting operatigns for writing, reading.and setaining. data.in the.cells of said
series.  During a reading operation, the threshold voitage of the transistors of the writing stage may
be increased and the freshold voltage of the transistor(s) of. the reading stage may be decreased by
controlling the biaszftheit back controlgatesd15DuknAg a writing:eperation; the:-threshold yoktage of
the transistors, of the writing stage. may-he decreased and the threshold yg!;[ageioqf the transistor(s) of
the reading stage may be increased by controlling the bias of’ fhieir back control gates. doDuting a
retention operatibf-the I6E&lbitfine May be'disehafged Vidldneodf the frafiSistors of thé writing stage,
for which the hias-of the,bagk eentrot gate-iscontrolled,soas tedewer its: threshold.voltage. .o

operations for writing, reading and retaining data in the

cells of said series.

10 During a reading operation, the threshold voltage of the
trangistors cf the writing stage may be increased  and the
threshold wvoltage of the transistor{s) of the resading stagse
may pe decrsased by conirolliing the bias of their back control
gates

15 During a writing operatlion, the threshold wvoltage of the
transistors of the writing stage may be decreased and the
threshold woltage of the transistor(s) of the reading stage
may be increased by contrelling the bias of theiy back control
gates

20 During @ retention operation, the local bitline mav be
discharged wvia one of the transistors of the writing stage,
for which the bias of the back contrel gate is controlled so
as to lower its threshold voliage

According to stilll another aspect, the invention relatss o

25 a matrix arrav of cells connected to local bitlines and to
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word lines, characterized in that it incliudes sense amplifier

according to the firsit aspect of the invention.

arranged in one or more ssnse amplifier banks and the matrix

gach bank and configured to drive said bank dirsctly. Further
iogic circults can be placed next to the sense amplifier banks

or the column decoder.



According to still another aspect, the inven.tion relates to 25 a matrix array of cells connected to local
bHtlinas and to word lines, characterized in that it includes sense amplifiers according to the first
aspect of the invention.  In the matrix array of cells, the sense amplifiers can be arranged in one or
more sense amplifier banks and the matrix 30 array can further comprise a column decoder placed
next to each bank and configured to drive said bank djrectly. Further logic circuits can be placed next
to the sense amb™er banks or the column decoder. Ac ording to another aspect, the invention
relates to a memory including a matrix array of cells. ~ The memory cells and the sense amplifiers of
the memory are préferéntiaf\¥made A& s6micoiiictor-ohbiAsulator substrates S Aceortingao still
another aspectzthe-inventionselates tQa mainsense amplifier-iptended to be connected via a main
bitline to a pluralityn%f sense @mpﬂmgrf accoﬁrdlngmto the first embodiment of the first aspect of the
invention, characterizedin that it Conprises a stage 67 anipiifyirg thié L0 Sighaf .déivered by*a cell
during a reading=operation;: ahd answitchabie hight mspedancerinverter stage far sending=hack the
amplified signal onto.the. main bit line. following.the reading. operation, ... ... . Agcording to a further
aspect, the invention relates to 15 sense amplifier including: a writing stage comprising a CMOS
inverter, the ifpuf6f Which'is diréEHr of irfdirectly TonfRected td°&n inpit terniinal ofthe setiseamplifier;
and the output ot ivhieh iscoanected 4o anyoutputterinakafthersense amplifier infendedtgbe
20connected to.a loral li ;@ Jeading stage comprising a sense transistor, the gate of which is
connected to th%‘édtpu%%%?ﬁel inverter and t%?e“draﬁfi of which Ts“c“%nn&ted 6 the TrI?E)fﬁf of the' inverter;
and wherein CHE 6 fcté-tEaTsistors-ofthe writing stageeand: ofsthetreadling stagjei s independent

double gate trangistarsael ivered by a cell during a reading operation, and &

switchable high impedance inverter stage for sending bhack ths
amplified signal onto the main bitiine following the reading
operation

According to a further aspect, the invention relates to

— a writing stage comprising a CMCS inverter, the input of

3

which 1s directly or indirectly connscted to an input terminal
of the sense amplifier, and the output of which is connected

— & rsading stage comprising a sense transistor, the gate of
which i1s connected to the output of the inverter and the drain

of which 1s connected to the input of the ilnverter;

and wherein one or more transistors of the writing stage and

rzading stages are independent double gate transistors.
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matrix array oI cells comprising sense amplifiers and column
decoders, wherein the sense amplifisrs are arranged in a non-

staggered rashion in one or rorse senss amplifier banks and
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wherein a column decoder 1z placsd next ©o =ach bank and

conflgured to drive said bank directlw.
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Yet according to another aspect, the invention relates to a matrix array of cells comprising sense
amplifiers and column decoders, wherein the sense amplifiers are arranged in a non-staggered ~
fashion in. one or more sense amplifier banks and wherein a column decoder is placed next to each
bank and configured to drive said bank directly. SHORT DESCRIPTION OF THE DRAWINGS

Other aspects, objects and advantages of the present invention will become better apparent upon
reading the following detailed description of preferred embodiments thereof, given as a non-limiting
example, and made with reference to the appended drawings wherein: - Fig. | illustrates the
architectural Hieraretyrapplied fiestlemboditent of the invention; cEigr 21ltastratesiacnane-sense
amplifier accorgding.to-the firstembadiment of theinyention;  Eigs..3a.and 3h illustrate exemplary
transistors having back control dates; 10 - Fig. 4a illustrates a possible topology of a nano-sense
amplifier accofdirg {3*Fag™2; iy 2k fiftistrates A possinie Sitatization of nano-sense amplifiers
according to Figr2-along columns:af=a memory malrix: 15.:kig. 5 illustrates aJpain sense amplifier
intended for tr@n§£grrie!r}%gggarn teorygardl_s/flgm a Ji)\lgrgj_igy,_qu.nano-sense amplifiers according to Fig. 2;

Fig. 6 illustrates a nano-sense amplifier according 1o a second embodiment of the invention. 20 - Via. 7
illustrates the statesof-theiart arrayrarchitecture)>Fgr8a illastrates an inmovativerarray-arehitecture

using two banks.Qf-nane-sense.amplifiers.agegrding to.the invention;

- Plgs. 3z and 3b illustrate exemplary transistors having back
i0 - Fig. 4z 1llustrates a possible topology o©f a nano-senss

= Pig. 4b 1llustrates a possible organization of nanc-sense

amplifisrs according te Fig. 2 along columns of a memory

ig. 5 illustrates a maln sense amplifier intended for

transferring data towards/from a pluralifty of nanco-sense

- Fig. ¢ illustrates a nano-sense amplifier according to =

second embodiment of the invention.

20 - Fig. 7 dillustrates the state~of-the-art array architecturs;
- Fig. 8z illustratss zn innovative array architecture using
two banks ¢f nano-sense amplifiers according to the invention;
-~ Flg. 8b illustrates a detailed organizaticn of the busses for

decoding =zach of the nano-sense amplifiers of the banks in the

25  architecture of Fig. %a;
- Filg. %a illustrates an extended innovativs array architecturs
using two banks of nanc-sense amplifiers according to ths
invention;
- Fig. 9b illlustrates a detalled organization of the busses for
3G decoding =ach of the nanc-sense amplifiers of the banks in the
architecture of Fig. Sa

DETATLED DESCRIPTION OF THE INVENTION




- Fig. Bb illustrates a detailed organization of the busses for decoding Each of the nano-sense
amplifiers of the banks in the 25architecture of Fig. 8a; - Fig 9a illustrates an-extended innovative array
architecture using two banks of nano-sense amplifiers according to the invention; - Fig. Bb illustrates
a detailed organization of the busses for 30 decoding each of the nano-sense amplifiers of the banks
in the architecture of Fig. 9a. DETAILED DESCRIPTION OF THE INVENTION  The invention
according to a first aspect relates to a sense amplifier (called a nano-sense amplifier) of a series of
cells of a memory.  An architectural hierarchy applied in a first embodiment of the invention is
illustrated in 51g. | &l aceordingto which 20Haro-sense amplifier nSAveovers:a seres af-memory
cells via a localditlina:kBL ; bypically-hetween: 128 and.512 memgry: gells. The.nang:sense amplifier
nSA transfers data towards/ OM a 10 main sense amplifier NSA via a main bitline MEL. The main
bitline MEL covers & Seriés BFhahd:sense amplifiers nEdi, typically between 16 and 32 nano-sense
amplifiers nSA.  Themdin sensemmplifierNSAis moreaver connected e a:lineq aso-ealled dateline
DL, on which read/writien dafa circulate in fhe memoty cells. , It will he understood from the
description which follows of the first embodiment of the invention that & nano-serise amplifisr nSA
provides the réadfiigfand Wiitirg tunéhdrs, Wwhile tesrefrashirg furiction isdchieved bytheimain sense
20 amplifier MSAwhich ferms the intestace bepween the nanq-sente amplifiernSA and the peripheral
circuits. It will. he noted from now on that the nano-sense amplifier nSA has a single connection (the
main b tline MEL) with the main sense amplifier NSA, with which it is possible to meet the constraints

in terms of metallizafionviidth bots in thefield:sf-embédded mémories amd indhat of sfandalene
Memories) mzin sense amplifier MSA via a main bitline MBL. The main

pitline MBL covers & series of nano-sense amplifiers NSk,

typically between 16 and 32 nanco-sense amplifiers nSa.

The main sense amplifier MSA iz moreover connscsted to a
line, a sc-called dataline DL, on which read/written data
15 circulate in the memory cells.

It will be understood from the description which follows of

the Zfirst embodiment of the invention that & nano-sense
amplifier nSA provides the reading and writing functions,

while the refreshing function is achieved by the main sense

20  amplifier MSA which forme the interface betweer the nanc—sense

It will be noted from now on that the nano-senss amplifier
nSk has & single connection (the main bitline MBL} with the

main sense amplifier MSZA, with which it is possible to mest

25 the c¢onstraints in terms of metallization width both in the
field of embedded memories and in that of standalone mamoriecs
Az illustrated in Fig. 2Z, 2 nanc-sense amplifier nSi
according to the Iirst embodiment of the invention only
inciudes three transistors T1, T2, T2
30 The nano-sense amplifier nSA more specifically comprises an
input terminal E connected to the main kitline MBL and an

cutput tTerminal 5 connected To the local bitline LEL via the

input terminal E.



ilustmsted in Fig. 2, a nano-sense. amplifier nSA according to the first embodiment of the invention only
includes three transistors Ti, T2, T3. 30The nano-sense amplifier nSA more specifically comprises an t
terminal B connected to the main bitline MET and an The nano-sense amp fier nSA. comprises a
writing stage comprising a CMOS perer, the input of which is directly connected to the input terminal E
and the output of which is connected to the output terminal S.  The CMOS inverter comprises,
between two terminals applying power supply potentials, VDD and GND respectively, a transistor a
first type of channel in. series with a transistor with a second type of channel. In the illustrated
embodiment, the inVertercomprises a P10 chanael trapsistorsputce of whichysconnecregqte the
potential VDD (high-state).and a-N.channelapsistot T2, the source:of which is conneced to the
potential GND (low state).  The aates of the transistors of the inverter are bonn“ected“to‘g“e"fﬁer and
connected to the & Bitline”MELS Thehiddié Pbihtof the &&fial dombinatisi obthevtiansistors Ti and
T2 (the outputofthednverter) isias forcennected 1@ e focal bitine LEL. ~ The nano-sense amplifier
nSA further comprisgs a reading,stage.formed by a transistor Ti, here an N channel transistor, 20 the
gate of which is cor?ﬁécte?@thé%hfgﬁlﬁ%f th% itrl;l‘é\g/é?t"e“r“z’a’nd to the focal titiine LEL - tha-drain f which is
connected to tABHAPETEF the invertePant tothe marmbitliné MEEr and e searcecofiwhich isa
connected to a terminat for applyingpower supplypotential PGNR.1 Withinthe scope of a Preferred
embodiment o{ ;hglisrgu\(: ntipnw;[bg nﬂancgsen§egmglifieﬁr nSA is made on a semiconductor-on-insulator
substrate comprising a Rin layer of ssemcl%ﬁduéﬁng %Taté’?i‘éf*geparated from a base substrate ty an
insulating layer. Eaéh oftite transistorsthas artiacki 8@ controlgate formed:in thenbase-substrate below
the channel and: capable-otheing-biased in order.to modulate the threshold voltage of the transistor.

The bias respectively applied to the back control gate of transistors TI, T2and Ti i ilustrated on the
figure referené:’eé@to‘dl,a‘VbEjELand“\}’B@s_S cate) and a N c¢hannel transistor T2, <the

The gates of the transistors of the invarter are connected

together and connected to the main bitline MBL. The middle
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point ¢f the serial combination cof the transistors T1 and T2
(the output of the inverter) is as for it connected to *the
local bitlins LBL.

The ngno-sense amplifier nSA further comprises =

tage formed by a transistor T3, here an N shannel trans
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0f semiconducting material separated from a base substrate by

an  insulating layer. Each of the transistors has & back

voltage of the transistor. The bias respectively applied to
the back contrel gate of <transistors T1, TZ and T3 is
illustrated on the figure by references Vbgl, Voa? and Va3



0 It will be noted that the modulation of the threshold voltage is particularly advantageous in that it
allows the operation of a transistor to be forced so as to ensure, depending on the circumstances, that
it is actually blocked or 5 conducting. With this, the operation of the nano-sense amplifier nNSA may be
mate more secure, and therefore the operation margin thereof may be increased (which allows
association of a larger number of memory cells with tHe nano-sense amplifier nSA). 10in Fig. 3a, a P
channel transistor is illustrated, having a back control gate BGp arranged in the base substrate under
the BOX insulating EaLyerW SQ as g)a ben%ggiéiorjcepdatacig the Kf[)orht cpgtgq! g%tg G..The back c%rlltgol gate
BGe is formed here'fir a'P type doped Tegiori isolated fron the base substrats by an N Thconductivity
well C.N.  InvFig:38b; an N ahannet transistoris iliustrated, Having alvack contrél gate BONarranged
in the base subsgfrate. under the insulating-layer, so as.to be positioned facing.the front control gate G.
The back control gate BON is formed here by an 20 N type doped region insulated from the base
substrate by a B CoRGuBHVIET well TF-~ CU™s 3RS Fig833a ahd Sh, 1Hé Harsistors &r& fulfy depleted
Se0i transistors«definediby a chanriel/bodyregionithat isthinzenough totallovinthe fielddinduced by the
too control gate 25 (under usual voltage. conglifions) fo reach the buried oxide Jayer BOX. . A
transistor for which the channel has a conductivity of type N and a back control gate of P conductivity,
has a very higl#§feshotd voltagé 1 Thisthréstiold vbRage Piay tHETrBE FtFredUited By applyid a
positive voltage ontheshack central gates A-transistor for whichdhe cbannel has a conduetivity of type
N and a back contro| gate ?ofgqoggurcéix'\ty N as for it has a nominal threshold voltage which may be
reduced by appiig a Positive Voltage on the hack control gate.
10

In Fig. 3z, a P channel transistor is
back controcl gate BG: arrangsd in the bass substrate undsr ths
BOX insulating laver so as To ke positloned facing the front
gate G. The back control gate BG:

type doped region isolated from the base substrats by an N
15 conductivity well Cy.

In Fig. 3k, an N channel transistor 1s iliustrated, having

& back control gate BGy arranced in the base substr

the insulating laver sc as Lo ke peositioned faclng the Iront
o A » -
control gate &. The baclk control gate BLe is formed nere by an

20 N type doped region insvlated from the base substrate by a P
conductivity well Cp.

"In Figs. 3z and 3b, the transisters ars fully depleted Se0I

transistors defined by & channel/body region that 1s fhin
encugh to allow the field induced by the top control gate
25 {under usual wvoltage conditions) to reach the buried oxide

laver BOX.

high thresheld voltage. This threshold wveltage may then be
30 reduced by applving a positive voltags on the back contrel

gatée. A transistor for which the channel has a conductiviity of

a nominal thresheld voltage which may pe reduced by aprplving

positive voltags on the back control gate.



10  This variation of the threshold voltage of the transistor via the back control gate may be
-formulated according to Vft = Vto - a.V.BG, wherein Vto represents the threshold voltage of the
transistor, V50 the voltage applied to the back control gate, dao the nominal threshold voltage (which -
may be shifted by the work function depending on whether a back control gate of type N or F is used),
and a is a coefficient related to the geometry of the transistor. The different writing, reading and
retention operations 10 which may be applied by the nano-sense amplifier of2 are described hereatfter.
Reading During an operation for readingdatum stored in a memory cell Ci, Cj connected to the local
bitline 131, and 15 8efectetrby Méansof & lifie, -2 86called wirdlir@{néf shoven)t i fransistor T3 of
the reading stage is the sensor; while-thestraasistors Trand T2.0tthereadings stage aresblosked in
order to avoid any corryption of the sianal from the selected cell. 20The inverter has a voltage of
VDD/2 (potentidlly floatirg ‘voltage) on its'input D. - - A high Voltage s applied to e b&ck control gate
of the f channektransistor:Ti (Vibgkissforexampie mrthetigh state VD D)=so:as thisebits thresh.old
voltage above, VDD/2 andto.25 thereby:hlock the transistor.Ti this,does notproveq be. sufficient,
italso possible to reduce the power supply potential VDD of the transistor. T2 during this reading
operation, by WpicallyUsing s voitage iready existing rth@ cifttit sich-as voBfz ©F tvpe
N ; lai

' 3 3 . \ - —~ i o . . T e R !
or P ils used), and o iz a coefficient related to the
geometry of the transistor.
1 2 LEE -~ - A i - F - . 3 o -4 o
The different writing, resading and retention operations

10 which mav be appiied by the nanc-sense amplifier of Fig. 2 ars

During an operation ZIfor reading the datum stored in a

memory ceill C1, U3 connectad to the local bitline 1LBL, and

15 selected by means of a lins, a sco-called wordline (not shown),
the transistor T3 of the reading stage 1s the senscr, while
the transistcrs T1 and T2 of the reading stage are blocked in
order to avceld any corruption o the signal from the selected
cell

20 The inverter has a voltage of VDD/2 {potentially floating
veltage) on its input E.

A high voltage is applied to the back controel gate of the P
channel the high state
voDY so & e =t 4t threshold woltage above VDD/2 znd to

25  thereby not prove to be
sufficient, it 1is also possible to reduce the power =zupply
potential VDD of the transistor TZ guring this reading
operation, by typically using & voltage alresady existing in
the circuit such as VID/Z

30 Morecwver, a iow veoltage 13 applied to the back control gate
of ths N channel transistor 22 {(Vbg2 is Zor exampls in the lov
state GRND) s0 as To set its threshold veltage abovs VDD/Z2 and
to therebpy block the transister Ti. I this doss not prove to



-30Moreover, a low voltage is applied to the back control gate of the.N channel transistor T2 (Vbd2 is
for example in the low state LIND) so as to set its threshold voltage above VDD/2 and to thereby block
the transistor Ti. If this does not prove to be sufficient, it is also possible to increase the power 11
supply potential GND of the transistor T1 during this operation, for example by a few hundred
millivolts, typically by using a voltage already existing in the circuit, such as VDD/2.  The selected
cell to be read typically provides 200-300 mV if it contains a "1" and O mV if it contains a "0". A high
voltage is applied to the back control gate of the N channel sense transistor T3 (Vbctl) is for example
in the high state:MDD), inordertofowetlits thréshotdwoltage:belowr the 101evelyprovidedtatiits gate by
the local (offling LEL, The power supply potential TGNT of the transistor T3 is hare.in the low state, for
example GND.  Ifa"1"is present on the local. Offline LEL, the sense transistor TT is conducting,
and the main $ense‘aniplifier NSATHay thertétierdetéctthe ctirentflowiingihithe niaiflbitfiie MEL
through the tramnsigtor TB, or sense a voltage level change on the main bitline MEL (which drops since
T3) is conducting) if the node was initially floating. If a 0", is_present on the lacal bitline.LEL, the sense
AO transistor. Tl is }i%ck”eg §ﬁ T%e T;eéi"h s”e”ns%e%rﬁ%ﬁffer”ﬁépﬁcr%éy‘jthéﬁ %‘ftﬁ%?“d?[gcﬁ z‘“’eEE) E:I'u“tr]rent on
the main bitline MEEL, &¢sersesa Aonimodified viltage level onrtheimairs. biflihe MBL, Writing During
an operation for writing; a:datum:stered in asmemory:Dr, all Ga,-&gconnected fe the focalbitline LEL,
and selected by means of word line, the transistor T3 of the, reading stage is blocked in order to avoid
any corruption of the sighal from the main sense amplifier NSA Via the main bitlire MEL, WHife the
transistors Ti arté: T2 ofithe -reading:stage tondaetas 1tz threshold veltage below the

10 level provided at i1ts gate by the local bitline LBL. The powsr
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supply potential FGEHND of the transistor T3 is her

If 2 “1" is present on the local bkitline LBL, tThe szense

transistor T3 is conducting, and the maln sense amplifisr M5L
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detect the current flowing in the main bitline
MBL through the transistor T3, or sense a voltags level changs

on the mailn pbitline MBL (which drops since T3 is conducting)

if tThe nodes was initially floating.
If a “0" 1is present on ths local bitlins LBL, the sense
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is blocked 1n ¢rder to avold any corruption of the signal from
the main sense ampliifier MSA viz the main bitline MBL, while
the transistors Ti and TZ o©f the reading stage conduct as
30 effiiclently as possibls this signzl from the main bitline MBL

towarcs the local bitline LEL.
in the If¢llowing, a distinction i1s made between writing a

o {Write 0 operation), and writing a 1 (Write 1



30 efficiently as possible this signal from the main bitline MEL towards the local hitline LET In the
following, a distinctionmade between writing a "0"(Write O operation),and writing a(Writ operation). 0
The inverter stage has, via the main hitline MEL, a "1" atits input. A low state is applied to the back
control gate 3 of the P channel transistor Ti Whoa is for example at GND) in order to lower its
threshold voltage as much as possible (preferably below VDD/2, for example around 105-200 mV in
absolute value). The transistor Ti is batched insofar that it receives a high state on its front control
gate. The power supply potential of 10 the transistor Ti is maintained at VDD, so that other nano-sense
amplifier's liel (i.e. Bhatingthe same power supply potential) may perform writing of a "1" at the same
me. A high state is;applied,to. the back control gate; of thg N, 15:channel transistor T2 (Mps2is for
example at VDD), in order to lower threshold voltage (preferably below 122/2, for example around
100-200 mV in&bsdlfite-value). The transistor To receives a high state on its front control gate and is
therefore conducting.lmsofarzthat its threshoid voltage was:-20: lawereth theconduction tevelwof
transistor, T2 i ingreased (or further, the sizg of the transistor T2 may_te regyced if an jdentical
conduction levef is maintained). low stafé is applied to fhe hack contro gate of the N channel
transistor T3 éFte readiing Stage (VHA3 s forExample ifHRE |owW stafesGNDF, angthisss6that it has a
high threshold yolagerpreferably- abgue MRDLZ.As. the logal bitline LB is i thelow state;because of
the action of thgetrqmqﬂsgtg Igogf the V\QrLting:Ligy(}e(rgtgr, yrgsngi%q I% is blggkepl gengj T\;[hgrq_for.g. does not
corrupt the "I*deliverédon ~~ = ~~ ShEG Ahsoian that it fecelves e high
state on its front control gate. The powser supply potential of
20 the transister T1 18 maintained at VDD, so that other nanc—
zense amplifiers in parallel (l.e. sharing the same pOWer

supply potential) mav perfcrm writing of a “17 at the same

& high state 1s appllied Lo the back contrcl gate of the N

) channel tTransistor TZ (VhbgZ i= for example at VDD), in ordsr
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(preferably below VDID/Zz, for

A

example around 100-Z00 mV in absclute walue). The transistor

TZ? recelves a high 3tate on 1ts front zontrol gate and is
therefore conducting. Inscfar that its thresheld voltage was

arr identical concuction level 1s malntalned).

25  example in the low stats GND), and this so that 1t has a high
threshold woltage, preferably above VDD/2Z. As the local

Pitline LBL is in the low state Dhecauss of the action of the
transistor TZ of the writing 1nverter, fransistor T3 is
blocked and therefore dees not corrupt the 17 delivered on

+ 1 = Yy A T4y -
30 the maln bitline MBL.

here 1in the low state, for example GND, Thig power supply
potential PCEND may however be increassed in order to attain =z

value closse te VDD/2 (helow the threshold voltage of T3) in



30 the main bitine MEL.  The power supply potential PGND of the transistor T3 is here in the low
state, for example 2ND. This power supply potential PGND may however he increased in order to
attain a value close to VDD/2 (below the threshold voltage of T3) in 13 order to ensure that the
transistor- T3 is actually transparent with respect to the main bitline MEL and does not generate
conflicts therein, notably during transitions between the different operations. Write  The inverter
stage has, via the main 'offline MEL, a NO" at its input, and the order of the operations of transistors
71 and T2 is inverted relatively to the Write O operation. Thus a hizh state is applied to the back control
date of 10 thecKcetarirel trarisistor T2-(Vibg2 isifor example &t VDD kintordel to towerits threshold
voltage as mygh-as passible- (preferably helow VD2, for example around.100-20Q,m\, in, absolute
value). The transistor T2 is blocked insofar that it receives a hlgh state on its front control gate and the
power 15 suppR/'potential of trarsistor T isHRaintamed aEEND. Bb- that Bther AGREEEnsetamplifiers in
parallel (i.e. sharing::same-powet supply potential) may perform writing of a "0" at the same time. A
low state Js applle(MQ the back control gat_ of the P 20 channel transistor 11 (Vbsi is for example at
END), so ‘that it hasafowthreshold voltage (preferably below VDD/2, for example around 100-200 my
in absolute value). ftfe trangistsr TFFEcEives A high 3tateoriits froht Eohtrdl Yafe and is“therefore
conducting. Insofarthat its taresheld:valtage-was 25 lewered: the conduetion-levet of thetransistor Ti
is increased (or further, by retalnlng an lden !cal conducyon Iﬁvel th% size of tran5|stor Ti may be
reduced) . K Tow state Is applled 5 the bac I%c‘onfr I ga%e of the N cRannél transistor T3 of the
readmg Stage (ng@l@foﬁ high aztate is applied to the hack control gate of

10 the N channel transistor TZ (Vbhbg2 is for example at VDD) in

(preferaply beicw VDD/Z, for exampls around 1006-200 mV 1in
bsolute value). The tfransister T2 is blocked inszofar that it
receives a nigh state on its Ifron

I
transistor T2 is maintaine at GND, so

&

Jut
n

supply potential of
thaet other nano-sense amplifiers in parallsl (i.s. sharing

same power supply potential) may rerform writing cf a “07 at

A low state is applied to the back control gate of the P

20 channel transistor T1 {Vbgl 1s for example at GNDY, so that

i+

hzs a low threshold voltage (preferably below VDDR/Z, for
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increassd {(cr further by retaining an identical conducticon

level, the sgize of transistor Tl may be reduced).

30 exampie in the low state GND), and this in order to increzse

Jet-

its  threshold wveltage, preferably above VDD/Z. The power
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30 example in the low state END), and this in order to increase its threshold voltazev preferably above
VDD/2. The power supply potential POND of the transistor T3 is here in the low state, for example
END. 14  Asthe local bitline LEL is in the high state because of the action of the transistor Ti of the
writing inverter, transistor T3 is conducting, but does not corrupt the "0" delivered on the main bitline
MEL since its source and its drain are both at the same value (low state GND). The power supply
potential PGND may however be increased in order to attain a value close to VDD/2 (below the
threshold voltage of T3) in order to ensure that the transistor T3 is actually transparent relatively to the
main bitline MET, &l d6&s not16 genetatecconflicts-thetdin, thétabhZdurfricf frandifiéas Hetwéen the
different operations.:Retentions dhis saughtto-avoid any static eyerent-and thereby block-the three

DAL,

transistors by jdeally. minimizing leakages.. . _.In a preferential embodiment, the rgtenti%n Qperatic
applied by prebéarfﬁ%ltﬁ%or"ea%fhg or wﬁt?rzligd operation which will follow, and L%ﬁié”t:’)jy“distcrh‘argirig the local
bitline to the |6\ state"2NDaRhi¢h s apiidr conditicrefol@iting./Tite invertertvas a veltage ok VDD/2
(potentially floating 20-valtage):onts input. < 2A:-high voltage is, applied.tohe back;control, gate of the
P channel transistor Tl (Vbgl is for exgﬁmgle in the high state VDD) so as to set jts threshold voltage
above VDD/2 aRdto'théreby blogk the’trandi&tdr TI° T doss nof préve i be Sufficiéht it i€ also
possible to reduce:the power stpshyopatental WDD:of the transister T2 deringlthisvreteatien @peration.
Moreover, a high voltage is;applied ta the, back gontrol gate of the N.channel transistor. 12 %82 s for
example in the high state VDD) so as to lower its threshold. voltage (to about 100-150 my) . The
transistor T2 i$ CORERRERG™ which afoles the-focariitling DEE G bediséarged afid 16'be fofced to the
low state 2NDy thereby-preparingit forthe next ,access-As thecirgyitis i retention, e eglkis selected

and there is thefefore no current, - oy,
R

tention
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cught to avold any static current, and thersby block

the three transistors by ideally minimizing lsakages.

i5 in & preferenti

Ll
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1 embcdiment, the retention operation

appiied by

3

rap

ring the readin

+H

9
O
1

writing operation which

—

i

=

1 folleow, and this by discharging the logal bitline o the
low state GND which 1s & pricr condition for writing.

The inverter has a voltage of VDD/Z (potentially floating

VDD sc as L[o set its threshold wveltage above VDD/Z and to

thereby block the transiszter Ti. If this doss not prove o be

25 sufficient, it is alsc pessibls to reduce the power supply
potential VDD of the transistor TZ during this retention

Moreover, a high vwveoitage is applied to the back control

Llibhmie



Insthe local bitline LET is in the low state ONO, transistor T3 is blocked andore no current flows 5
through it. A low voltage may he applied to the back control gate of the transistor T3 (Vbg3 is for
example in the low state =), which increases its threshold voltage and allows minimization of the
leakages. In FM. 4a, a possible topology of the nano-sense amplifier 10 of Fig. 2 made on two
columns is illustrated. Only three metals are necessary: Metall for the interconnections of the
transistors, Metal2 for the distribution of the power supply Potentials POND, CND and VDD, Metal3 for
the main bitline MEL. The width of the nano-sense amplifier corresponds to two 15 metal lines or two
columns of célitcthe cade bfa DRAM UE witFbelfotéd Hratthelthreetbatk contrdl gatesdr e and
may consequgntly-he subject to RG flelavs: dt isthenfossible to choose to regenerate them periodical’
ideally at the same repeating frequency as the word line 20drivers. The memoryas for it, requires a
Metarl line for attachingit to thé local bitling and a Metal2 Tine for attaching it 6 the Word Tne. This
leaves the MetaiB:line free forletting through<he main bitimerMElne  Insofarthatreachzdotumn of the
memory matrix-requites;a nano-sgnse amplifier -a Possible-organization.may consist.of arranging the
nano-sense amplifiers head-to-tail as this is illustrated in Fig. 4b, a first nano-sense amylifier having,
on its input tefiiral fhe sigfial MBTE & addréssiig Via itsTocal 30 SHifiife 4 seriesdfceli§along a
first (even) calumtg theiother mano:sense:ame fier having:oreits input terminat thersigral M40 and
addressing vi iiESikQQ?hL bitline &seﬁqﬁsgl‘eg%%ggo‘ng a second (odd) column directly following adjacent

to the first column in the memory matrix.

In Fig. 4z, 2 possible topology of the nano-zanse anplifier

10 of Fig. 2 made on two oolumns 1s  illustrated. Only thres
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The width of the nano-sense amplifier corresponds to two

20 drivers.

attaching it to the local bitvtliine and & Mecall line for
attaching it to the word line. This leaves the Mstall line

25 Insofar that sach column of the memorv matrix reguires a

illustrated in Fig. 4b, a flrst nanc-sznse ampllfisr having on
its input terminal the sicnel MBILr and addressing via its lozal
30 pitline 2 series of cells along & first (sven) column, the
other nanco-zense amplillfier having on ifts input <Terminal the
signal MBL, and addressing via its local bitline a series of
cells along a second (odd) column directly Zcollowing adjacent



16  Preferential conditions for the operation of the nano-sense amplifier of Fig. 2 are threshold
voltages of the ansistors, close to VDD/2 and a variation of these threshold voltages by biasing the
back control gates in a range approximatel comprised between 100 mV and VDR/2 s iron mv.

These conditions involve lithography levels beginning at 5.545 no (VDD of the order of 1 V, threshold
voltage of the order of 350 mV and which decreases with the scale effect; the node 45 nm having been
attained in 2007-2008), and thicknesses 10 of the or&er of 2-20 no for the thin layer of the SeOl
substrate and of the order of 5-50 nm for the buried insulating layer of the SeOi substrate. It will be
noted that the nandsense amplifierdsrdeveloped forDRAM@memwories: However, itzoperates with any

type of RAM memory (SRAM, PORMM,.CERAM, TRAM), as,well as with flash memories (with, in this

[ N N\ e &

case, the requirement of maintaining. relatively high voltages during the writing and deleting
(erasing)opera&tidhiss this may for éxample5e ahieved by UsHTG two tatidistors inPseries Fathsr than a
20single one for the transisters Fi-d8). conAsdhis was seen:earlier, inthecaseoftbe:RRAM; the
nano-senge amplifier perfarms reading and writing.aperations but does not perform the
refreshing/restoririg operation; the latter being pérformed by the main sense amplifier NSA, a possible
embodiment of 1 cRlgeserised Rereafter in conheetioniwith FigrsyA DRAM:cellamtuallyrequires being
periodically refreshed:in order-fo compensate;charge losses and-being restored after each.read
access. The main sense amplifier NSA is connected to nano-sense 30 amplifiers via a main tetline
MEL on the ofié Aahd“and 16 the petibh&taréircits Vid T datd line BLS ot the offier Hand. The
amplifier NSArcomprises;betweenmthesen attained in 2007-2008), and thicknesses

10 of the order of 2-20 nm £or <the <thin layer of <the 320

Hhy

substrate and o the order of 2-30 nm Zor the buried
insulating laver of the 5201 substrate.

It will be noted tzhat the nanc~senss amplifier is mainly

gevelopad for DRAM memories. However, 1t operates with any
15 type of RAM memcry (SRAM, PCRAM, CBRAM, ZRAM), as wall as with

flash memories (with, in this case, the reguiremsnt of

maintaining relatively hilgh wvoltages during the writing and

deleting {erasing) operations; thiszs may for sesxample Db

achieved by using two transistors in series rather than a
20 gingle one for the transistors TL-T3),

As'this was seen eariier, in the case o0of ths DRAM, ths
nanc-sense amplifisr periorms reading and writing operations
ut does not perform the refreshing/restoring overation: ths
latter being performed by the meirn sense amplifier MSAE, a

25  possiblis  embodiment of which iz described ergaiter in
connection with Fig., 5. A DRAM cell actually reguires belng
periodically refreshed iIn order to compensate chargs losses
and being restored alfter each read access

The main s=nse amplifier MEAR 1s connected te nano-sense

20 amplifiers via & maln bitline MBL on the one hand, and to the



controlled by a signal 02. Transistor T7 is an N channel transistor, the front control gate of which is
connected to the main bitline MEL. Transistor TB is a P channel transistor, the front control gate of
which is controlled by a signal.03.  The amplifier NSA further comprises an N channel transistor TIO
between the main _ M50 and a power supply potential: at VDD/2 and the front control gate of which is
rontrol1 a signal 01. The amplifier NSA also comurises a Ptransistor TO 10 between the main bitline
MEL and a power spotential V4 and the front control gate of which is connected to the node A
corresponding to the middle point of transistors T6 and T7  As this will be explained in more detall
subsequently athetwhelesef the transistarsale-Fidforms:zstagetfor amplifying the signal-delivered Toy a
cell (on the local:hitline:LEL towards a;pand-amplifier) during areading.opetation. .. -The node Ais
connected to a. high |mpedance inverter HZI, the appllcatlon of the inversion function of which is
controlled by & ¢ontidt Sighal- 04 tin'Fig. 5. 64 dssighates 26 the Eormpidmentary3F 04 % The
output of the high impadancerinveiten#ti is foaped:-back onto:thesmain hitine MEk: As this will be
detailed subsequently, thﬁ.m\iElﬂ thusdorms, aswj,tch%p!gnlgg impveOLance invertpr stage for sencii the
amplified S|gnal on the main bitline following a reading operation. A hlg |mpedance stage H22,
controlled by a sigrt. W%Eﬁestﬁa?lnﬁﬁheé&nﬁfemeﬁ%yaoﬁ@ﬁbejen%ﬁslmemaﬁq‘"‘ =Dl to be
connected to the main bitlte:MEle front control gate of which is control

is controlled by
a signal ©L.
The amplifier MEA alsc comprises a P channel transistor T9
10 between the main bitline MBL and a power supply potential V+

and the front control gate ¢f whicn is connectsd to the node &
n
As this will be explained in more detail subssguently, the
whole of the transistors T6~TLC forms a stage for amplifving
15 the =ignal delivered by a cell {(on the local bkitline LBI
towards & nanc-amplifier) during a reading operation.
The node A is connected to a2 high lmpedance inverter HIL,
controlled by a contro
20 the complementary of &4) .

The output of the high impsdance inverter HZI

pedance inverter is looped
ack onto tne main bitline MBL.
s this will be destalled subseguently, the inverver HEL
thus forms & switchable high impedance inverter sitage for
25 sending ack the amplified signal on the main bitline
fellowing a reading operation
A high impedance stagse HIZ, controllied by a signal &5 (§5B

designating the complilementary .of $5), enablss the datsz line DL

tTo be connected to ths main bitline MEL.
30 Imitialization of the MS5A zmplifisr 15 as fcllows
@2 Ls set to Y17, whils 232 is  set to  N07 Az the
transistors Té and T8 zrs bleocked, the set T&, 77 and T% is



30Initialization of the NSA amplifier is as follows.

02 is set to "1", while T3 is set to "0". As the

transistors T6 and TB are blocked, the set TE., T7 and TE, is floating. IR The power supply

potentialtransistor TO is moreover set to VTD/2.

transistor T10 will, as for it, pre-charges
negative pulse the control signal CL.

Both stages HZ1 and HZ2 are floating, while the
the main bitline MEL to VIDD/2, via the application of a
An operation.for reading a I" and for restoring implemented by

the MBA amplifier is the following. The read cell delivers a -1" on the local bitline LELy The 10
transistor T3 of the nano-sense amplifier nSA discharges the main bitline MEL to the low state 2ND.
Transistor '- is thenBleckedver Theggower supply-Retential V+0f thestransistar 3948 inceeased from
VDD/2 to VDD, 15T he. control signal,1,3 of the gate of the transistor TO is set to the high state VDD,
S0 as to make the transistor TO conducting. the transistor TO is blocked, it will cut the path towards

the node Ay The cotitrdt sigridl £f: 26 thé Gaté'of tierfransisfor T@ is while the transistor
T10 will, as for it, pre-charges <the main bitline MEL to
5 VDD/Z, wviaz the applicaticn of a negative pulse by the control
sigrnal &1
An operation for reading a “1” and for restoring this 1”7
implémented by the MEA amplilier is the following
The read cell delivers a2 “.” on the local bitline LEL. The
10 transistor T3 of the nanc-sense amplifier nSi discharces the
mzin bitline MBL to the low state GND. Transistor T7 is then
biocked.
The power supply wpotential V+ of +the transister T9 is
increased from VDD/Z te VDD
15 The control signal 93 of the gate of the transistor T8 is
get to the high state VDD, so¢ as to make the transistor T8
conducting. As the transistor T7 is blocked, it will cut the
rath towards the node 2.
The ceontrel signal €2 of the gate of the transistor TE is
20 set to the low =state GND, 8o as to make the transistor T6
conducting. The potential of the node A then increases to VDD,
which causes blocking of the transistor T
The control slignal @4 will make the HZ1 stage conducting
The latter conducts the main bitline MBL to the low state GND
25 (by inversion of the high state of the node XY, and sendsz back
this Jlow state to the nanc-amplifier nSA, which will then
rewrite a Y17 (cf. previous discussion of 2z Write writing
cperation by the nanc-amplifisr nash) .,
The control signal ©% will make the HIZ stage conducting
30 The latter will then deliver the signal of the main bitlins
{srtemming from the HZI stage; te the date linse DL for
procésaing by the input/outputr periphersl circuits (the data
lime DL is Z.icating in order o accept the signal from the
main mitline MBL) . |



20 set to the low state 2ND, so as tp make, the transistor Tl conducting. The potential of the node A
then increases to VDD, which causes blocking of the transistor 79.  The control signal 14 will make
the fill stage conducting. The latter conducts the main bitigne MEL to the low stage 2ND (by inversion
of the high state of the node A), and sends back this low state to the nano-amplifier nSA, which will
then rewrite a "1" (cf. previous discussion of a Write.1 writing operation by the nano-amplifier nSA).
The control signal 8)5 will make the HZ2 stage conduicting. 30 The latter will then deliver the signal of
the main bitline (stemming from the DTI stage) to the date line DL for processing bv the input/output
peripheral cHrc) s @he datadine 7 sofloatinZiimorder to aceept tde 4 framdbe:imairca tine"MEL). 19
An operation for reading.a."0" and f storing thi Performed by the amplifier MS A is as follows.
The cell read ¢ égl%\?é)ré!na&gqo%n%gg Igéél%bTﬂ%%”LEé%. Z‘?hé%%n%ié%ﬁ% of the nano-sense amplifier nSA
remains blocked arid the train iihe MBL refdaihs at VOD/2 - Fransister 1745 then doriducting  The

potential V+ ot the.transistor29 issinereasedfrom7/QE/2 10 MDB; - nEhe copirol signal 3iefthe gate
of the transistor TB is 10 sef to the highgsta%;gjOEL S0 as to make transistor TB, cégrlquc;__ipg.% The

control signal 882 of the §até of the transistor TB ia §&t fo the low sfate ONE 8558 fo make fransistor
T6 conductingt- 1SThecnansistardTB is a weak transistor as compared with the serial association of
transistors T7 and FB, the potentia] ofthe pode 4. drops te "0t Thislpads the transistor TA .t a

o' ol Y

conducting (also weak) state, this has the consequence of leading the local bitline to 700m(fro}n 7+).
Next, the 20 trahSistor T 7Wiil-lead the node A closer to the low state ONE.

The control signal €2 of the gate of the transistor TH 1s

=t
(o]
in
M
¢t
et
O
ct
v
[

hign  state VDI, s¢ as +o make transistor T8

15 The transisteor T6 is a3 weak transistor as comparsed with the
serial asscciation of transisteors T7 and T2, the potential of

conducting {(aisc weak) state, this has the conseguence of

leading the local Bitline tto VDD (from V+) Next, rhea

z20 transistor T7 will lead the node A oloszer to the low state
GND

The contrel signal 24 will make the stage HII conducting.

The latter leads the main kitiine MEBEL to the high state VDD

{by inversion of the low state of ZThe nods A4}, and sends back

[N
¥l
-
e
I

his high startse To the nanc-amplifier nSA, which will then

rewrite a “0Y {(cf. previocus discussion oI a.Write 0 writing
cperation by the nanc-amp.ifier nShi)

The control signal €5 will makes the HEZ stage conducting.

The latter will then deliver the signal from the main bitlins

320 MBL ({stemming Zrom the HII =stage) to the data line DL for

processing by the inpui/output peripneral clrcuits (the data

line DL is floating in ocrder to accept the signal Zrom the

main Ditline MBL) .



The control signal 4 will make the stage EEI conducting. The latter leads the main hit.iine MEL. to the

- high state YOL (by inversi.on of the lowS state of the node A), and sends this high state to the
nano-amplifier nSA, which will then rewrite a "0" (of. previous discussion of a Write 0 writing operation
by the nano-amplifier nSA)  The control signal TS will make the HZ2 stage conducting. The latter
will then deliver the signal from the main bitline 30 MEL (stemming from the HZI stage) to the data line
DL for processing by the input/output peripheral circuit (the data line DT is floating in order to accept
tie signal from the main bitline MBL). 20 A writing operation Performed by the RSA amplifier is thefl
following. From thé*pd&ift 'of View BF e NSA BfipIfeT ahiscoperaton s sifiiiar 16 cefeading-bperation.
The only difference stems frop the-initiab sonductionafdhe arain S:bitine Made becayse of its
powering from the glgta line yLa thgiggzps;ageﬁ. The Iglloyging ste[%i are the samrg,mexcegg with
regard to the {3t point (transfer t6 thé data lin€) whichi§ dut Of corntext fora writing Speratiof. 101t will
be noted that #1 Fig.r5rthe different transistors F6-T10 were illustratedtwith back cohtrol gates, each
being respectively conngsted.to.the.correspanding front control gate. This illustration was gnly made
for sake of cla}[itx, and it will be understood that in practice the back Control gates 15 are biased in the
most suitablef“\%fay‘fb?‘ﬁ‘?c:reasing the performances of the NSA amplifier.  As examples, the back

control gates of transistérs. Toand I Q eay: berbiased so:that these transistars-have felatively:high
threshold VO'@Q@% qp&all{? tﬂ%‘?a“#(%%‘%r t@?‘néhé—? Q%Q?E line) which is out of context

for & writing operation.

16 It will be noted that in Fig. 2, the different transistors
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As examples, the back control gates of transistors 77 and

LIS S S SN I

In the Zforegoing, an empodiment of the MSA ampliifier is

reported within the scope of an application to DRAM memories.

25 descripea eariier may advantageously be used thersin for
reinforcing the quality of the signal and for incressing the

An MEA amplifier ¢i the same itvype may be ussed with BRAM
memories (PCRAM, (8RAM, FBC-DRAM, atc.) It may also be used

30 - with flash memcries, whiige bringing atteniior o the
regquirement of suUpporting the relatively high voltages

A nanc-sense amplillier USA according to a second embodiment

ci the invention is illustrated in Fig. €.



20transistors.  In the foregoing, an embodiment of the NSA amplifier is reported within the scope of
an application to DRAM memories. It wUcl be retained that because of problems of noise and of
variability encountered with SRAM memories, the NSA amplifier 25 described earlier may . :
advantageously be used therein for reinforcing the quality of the signal and for increasing the security
of such circuits.  An NSA amplifier of the same type may be used with RAM memories (FORAM,
OBRAM, FBC-FRAM, etc.). It may also be used 30 with flash memories, while bringing attention to the
requirement of supporting the relatively high voltages required by the memory cell. =~ A nano-sense

amplifier uSA accordihg 64 88EoRd nibddintent of e inventién RIGSTAEHINFig 6. " 21" This
second embodimentfiroves ta be @dvantageous ia that raddition totketing and readiag operations, the
nano- sense amplifier nSA is als capahle,of ensuring refreshinglrestoring operations, Jt is therefore
not necessary to resort to a rain sense amplifier NSA, which is notably expressed by a gain in surface
area.  Furthet i metal (MetalS) “wWHiER T$Gsed as & rairt hitliié WHEE itHiR the*SE6p& Bfithe
erhodiment may undergertain ciscumstances:-provesto-he toe widestelatively-to 10he.dimaensions of
the memory cell. The segogg embodiment agl}lg\ygctgisﬁwgayvback to be overridden.  The nano-sense
amplifier nSA Sf'Fi§.76 fiicludes & Writin Stage Tormed With a CMOS inverter formed with a P channel
transistor Tl, the sdlres iofwhicknis connected ‘iéethelpotantiah Viand-an N Thanret transistorT2, the
source of whigh is;gonnegted tg the potential V2. - . The-inputof the inverteris copnected;to.a node
Ni, which node 141 is indirectly connected to the input terminal of the nano-sense amplifi (which is
Hntended to Hél’l%ne’f&éa&to"*a Clrcunmstances prove tTo LDz Too widse relatively o

i the dimensions o©f the memcryv cell. The second embodimsnt

allows this drawback Lo be overridden.

The nanc-sense amplifier nS3d of Fig. &€ includes a2 writing

stage formed with a CMOS inverter formed with & P channsl
Transistor T1, the source of which 1s <c<onnectsed to  the
15 potential V1 and an N channel transistor T2, the source of

which 1s connecied to the potential V2.

The input of the inverter 1s connected to & node NI, which
node NI is indirectly cennectes te The input terminal of the

20  main bitline MBL)
The output of the inverter 18 connectad . to the output
terminal of the nanco-sanss amplifier (whicn is :intended to be

25 reading stage compryising & transisztor T3, the gate of which 1z
connacted o the cutput of ths inverter {(anc therefore also o
the local bitlines LBL) and the drain of which 1s connected o

The reading stage comprises an additiconal transistor T4,

30 complementary o the sense  transistor, tne additional
transistor T4 and the sense transistor T3 forming & CMOS
inverter, the input of which is connected to ths output of the
writing stage {and thus =tco the local kitiine LBL} and the



20 main bitline MEL). ~ The output of the inverter is connected to the output terminal of the
nano-sense amolif r (which: is intended to be connected to a local bitline LEL). The nano-sense
amplifier nSA of Fig. 6 further includes a 25 reading stage comprising a transistor T3, the gate of which
is connected to the output of the inverter (and therefore also to the local bitline LEL) and the drain of
which is connected to the input of the inverter (node N} The reading stage comprises an
additional transistor T4, 30 complementary to the sense transistor, the additional transistor T4 and the
senseSiStOr T3 forming a FMCs inverter, the.input of which is connected to the output of the writing
stage (and thus't® tHé16eaFbiflirePEELRaRd tHe thé Wiiting sta§eqatd theréfsre 16 Fcde NE)S The
transistors T4 andzH-aresinseries-beiwesnpower sepphypetentials-f4, apd 73, The writing-Fi; T2 and
reading Ti, 14 inveriers are thus cross caupled, which will allow the, péqd;sewg§§jgmpl[fier o perform
the refreshing/réstoring operations alone. To Tinish” the nano-sense amplifier nSA of Fig.cormpises a
decoding stageforhed byra transistorFScrianneltfasistatia theillustrated exarpple)ithe gate of
which is controlled-by.a decoding, sighal, ¥ DEG -the; source.of whichds . ; . . .

Te finish, the nanc-sense amplifier nSAE of Fig. & comprises
a decoding stage formed by a fransistor T35 (N c¢hannel

connected to the node N1,

amplifisr n3A of Filg. & 1s made on a szemiconductor—-on-

insulator substrate and each of the transistors Tl
1

ot
o

back controcl gate Vbgl-Vbkgis capab
o modify the  threshold wveltage of the corresponding
transistor.

The different writing, reading and retention opsraticns ars

dascribed hereafter which mayv bz lnmplemented by the nanc-sensgs

It is scught te avold any static current, and to prepare

the reading or writing operation which will follow Dby

The powsr supply potential V1 is in & low state, while the

o
o

back control gate of the transistor T1 iz in the high siate.

The powsr supply potential V1 is din a low state (typically
¢ Vi, whils the back control gate ¢of the transistor T2 is in

eLaToLl

while the back contreocl gats of the transistor 73 1s in the



10 connected to a main bitline MEL and the drain of which is connected to the node NI.  Within the
scope of a preferred embodiment, the nanc-sense amplifier of Fig. 6 is made on a
semiconductor-oninsulator substrate and each of the transistors Ti-T5 has a back control gate
Vbgi-Vbg5 capable of being biased in order to modify the threshold voltage of the corresponding
transistor. The different writing, reading and retéation operations are described hereafter which
may be implemented by the nano-sense 20 amplifier. of Fig. 6. Retention It is sought to avoid any
static current, “agldmtvom%rep@;em theotv\reeadinsguo,rQ \I/vgitigg pgg;at:iqn which yvil&;ollgwcbybqg hasrgian_thhe local
bitline LEI to the 16w state GNU: ** “ihc power supply poteritial 71 isin a low state; while the back
control gate of tHétram8ister Tifis ik e highrstate. Thecthresholdiyoltage: of the trafisistor T20s then
increased. Thepowersupply. potential 71{sdn alow state (ypically 0,\), while.the-back:conteol gate of
the transistor T2 is 30" the high state. The threshold voltage of the transistor 12 is then lowered.

The power suppf§/ potentiaf¥3ds in the high state (VDE), while the back control gate of the transistor
Ti is in theé high state.‘Ehe threshotcthwoltage of thedransisteri Tiis then 23:towereds Therpower supply
potential V4 is.in.the_high;state (YDD) while the back control gate of the transistor 74 is in the high
state. The threshold voltage of the transistor T4 is then increased.  This allows the node Ni to be led
to the high state, aHd toleaethedocat Bitkhe EBFto thé IoWstaté® No H8odiig Sighal YBEC is
applied to the gate of the transistot 15 (the-deecoderds notactive during.a retention-eperation), and the
transistor 71.5,is hlocked 10Rgading (from the retendan), .

pPerat }

Locked,

190 Feading {from th

-t

43

retention)

The initial conditions are the following.

back control gate of the transistor T1 iz in the high siate.

15 The threshold voltage of the transistor Tl i1s then increased,

The power supply potential V2 is in the high state, whiie

the back control gate of the transistor T2 ig

XLl R i JEERI

state. The threshold woltage

3
Fh
ot
.
D

transistor T2 1ls then
20 increased, the transistor T2 then being blocked,

The powsy supply potential V3 is in the low state (0 V),

while the back contrel gate of the transistor TZ is in the

high state. The threshcld veltage of the transistor T3 i1z then

lowsred, while the transistor T2 is plockad. The power suppls
25  potential V4 is at VDD/Z or more, while the back conircl gate
of the transister T4 1is in the low state. The threshold
voltage of the transistor Td i1s then reduced. The result is
that the nods N1 is led £o VDD/2Z or more.
The fransistor T5 1=, as for it, always bliocked insofar
30 that no decoder 13 yet actlve
Reading continues 1in  the folliowing way following the
opering of the word line which will select the cell



The initial conditions are the following. The local bitline LEL is in the low state. The power supply
Potential V1 is in a low state, back controlof the transistor TI' is in the high state. 15 The threshold

voltage of the transistor Ti is then increased, the transistor Tl then being blocked.

The power supply

potential V2 is in the hig.h state, while the back control gate of the transistor T2 is in the low state. The

threshold voltage the transistor is th 20 increased, thé transistor T2 then being blocked.

The power

supply potential V3 is in the low state (0 7), wh.il.e the back control gate of the transistor Tl is in tie

nsistor T3 is then low

high state. The threshold voltaqe of the transi s then
D/Z 6r more, WHi

ne thr Id VO ( ered, while the tr
blocked. The'f&fer 8i& pbtén

he

Al 74 &%at e’ the back contro

:ilg%istog T3 is
| gate of the transistor

T4 is in the lowstate sThecttresholdrvoltage of the:transistor T4 s then rédoeed nThé resbitss that the
node N1 is led 1o yDD/2 ot Mare. s, The.dransisiqr, T is, ag for it, always hlocked:insefar;30 that no

decoder is wet active.
which will seféet #ié cell.

Reading continues in the foliowing way following opening of the word line
In the case when the datum to be read is a "0", the local bitline LEL

remains in the lowrstate; dndhis ase indeeds the dacal bitline LEl, asawelkas thezcell, aresiri the low

state (GED) so that when gg% grlﬁa(Jr}Lsfeg;an&chg%geg,ggpmt%qg

npthing occurs since

e Daci 1€ 19 the other is allowed,
the balance already exists. "
state. The threshold wveltagse of the transistor TL is then
increasesd, ths transistor T3 then peing oclocked. The power
supply Dpotential V2 is in the high state, while <the Dback
10 control gate of the transistor TZ is in the low stats. The
chresholid voltage of the transistcer T2 i1s then increased, the
transistor TZ then being blocked.
The power supply potential V3 is in the low state (0 V],
while +the back control gate of the transistor T3 1s in the
15 high stats. The threshold voltage of the transistor T3 1s then
lowered, wnile the transistor T3 1s blocked since 1Ts gate
connectad to the local bitline LBL is at [ V.
The power supply potential V4 ls increased up to VDD, wnlls
the back control gate of the transister T4 1s 1in the low
20 state The threshold veltage of transistor T4 s then
increzsed. The result is that the nods N1 is ls2d to VDD
Next, V1 i1s increased, while the back contrci gate of the
transistor T1 is brought to the low 3siate The threshold
voltage of the transistor T1 1is lowered; TI Dbeing blockec
2%  insofar that its gate is connected Toe the node W1 which 1s at
VDI, The transistor T2, the gate of which ls also connected to
the node Nt at VDD, as for it, 1s conducting The JLlocal
pitiine 1LBL is <then led to 0V =0 that the datum may be
refreshed
30 The transistor T3 is, as for 1it, blocked insofar that no
decodsr 1s yet active The transistcer T3 is  then made
conducting when the potential of the nods NI is stable at VDD,
Tn the case where the datum to be read is & 17, the local
Bitline LBL 1is dinitially in ths low state In this case



The power supply potential V1 is in the low state, while the back control gate of the transistor Ti is in
the high state. The threshold voltage of the transistor Ti is then increased, the transistor Tl then being
blocked. The power supply potential V2 is in the high state, while the back 10 control gate of the
transistor T2 is in the low state. The threshold voltage of the transistor T2 is then increased., the
transistor T2 then being blocked.  The power supply potential V3 is in the low state (0 V), while the
back contrcl gate of the transistor Ti is in the. 15 high stare .The threshold voltage of the transistor 72
Hs then. lowered, while the transistor Ti is blocked since its gate connected to the local. bitline LEL is
atOV.  The poRistsupBly potential 4 is tteaked tip tOAMD, whilé thébsek<Contrdl gdte™of the
transistor T4 isdndhedaw 20 state: Thethreshold voltage of transisteris then inereased: Theresult is
that the node N1is led to VIP. ., Next, Vlis increased, while tq%rpa%k control gatg of the transistor 15
brought to the fow State. The threskold voltage of the transistor. T1 is lowered:Ti. oeing biocked insofar
that its gate is’eonngétedtvtheniode Nt which i abVDEL TR trahsistor R 2] the date of which is also
connected to ithe-node Nisat,\ol); as foritpis genducting..The locakhitling LEL.is then led to.0 V so
datum may be refreshed. 30The transistoris, as for it, blocked insofar that no decoder is yet active,
The transistofis therl nate cofdiictiig Wienthe- potential of The Hode NI is‘staBie af 9B =~ In the
case where the=datum tosbe readh is:a~'Ftocat bitling LEl=is initially in the low state. in this case indeed,
upon opening the word line, the halance isnat.attained; Charges will then gireulate between the cell
and the T B )

the back control gate o¢f the <transistor TX is in the high

s
o>

state. The thresheold woltage of tThe fransistor T1 1s  then
increased, the transistor T1 then being blocked. The power
supply potential VI 1s in the high state, while <The back
control gzte of the transistor TZ ig in the low stats. The

thresholid the
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transistor TZ then being blocked.

Thz power supply potential V4 is increased up to VDD, whilie
the back controil gats ©

state. The threshold voltags of +the transistor T4 1s then
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Next, V1 is increased, while Vbgl is broughi to the low
state. The threshold voltage of the tfransistor Ti

71 being conducting insofar that 1its gate 1z connected to the
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local hitlineso as to equalize the voltages. The final voltage corresponds to a ratio
betweencapacitances of the local birline LEL and of the. cell (the longer the local bitline LEI, the
weaker will he the signal). This voltage will be read by the nano-sense amplifier nSA.  The power
supply potential V1 is in the low state, while the back control gate of the transistor Tl is in the high 10
state. The threshold voltage of the transistor Tl is thef:increased, the transistor T1 then being blocked.
The cower supply potential V2 is in the high state, while the back control gate of the transistor T2 is iL
the low state. The threshold voltage of transistor T9 is then increased, the 15transistor T2 then being.
blocked.  THE powerSitpply potéhitial R4 180 Hie low state (0 s while the badkicortrol gate of the
transistor T3 igin: thedigh states Iihe threshold yoltageof the trapsistor. T Lis then lowered while the
transistor T3 i%ggpd}gcttirl\gpsgi)n&%wits gate, 20connected to the local bitline LET, has a orir00e0r than the
threshold voltage*'dfTﬁ. ““The power supply potential V4 is increased uo to VII, while the back control
gate of the transistQf’14 i i§ the'fow istatel. ‘Five: threshold voltage of thestransistor T4 is then
increaseds The resuitds thatfie. node Ni isded 1o 0.V .-, Next, Vi is increased, while Vbgl is brought to
the low state. The threshold voltage of the transistor T. is lowered; T1 being conducting insofar that its
gate is connected to the Tfode" N1 Which is at™0 VO THEYranSistof ateloPWhiehsl 0alss cofingeted to the
node NIlis, as fordt,h26h state.

It will b2 noted that the transistor TS5 mayv however have =a

Y that the 4

brought frem VDD/Z or more ©o the low state. The
transistor TZ Zis then bhlocked,
ik V1 is brought from the low state to VDD, while Vbgl is

brought Zrom the high state to the low state. The threshold

voltage of T1 is low: Tl is blocked (N1 gate in the high

state) Transistor TZ Lis conduciting, while <ransistor T3 is

blocked which allows the local bitline LBEL o be brought <o
20 0 V.

Mext, V4 1s Dbrought from the low state to VDD, The
information 1s now stable in the amplifier formed by the
translstors T1-T4

“Wirite 17 writing (Zrom initial conditions)

25 The main bitline MBL i1s in the low state

The transistor T9 is conducting, lsading the nods N1 to the
low state

V4 iz prought from VDD/Z or meore %o the low state. The

ol
Transisgtor T4 is then blocked.

- L R i o o - e
30 V1 is bprought Ifrom the low state To VRD, whils Vho! 1is
brought to the low state. The threshold voltage of T1 is low:
Ti ieg conducting which zllows the local bkitlins LBL to be

brought teo VID.



conducting when the potential of the node NI is stable at 0 V. The signal present on the Ni node is then
transferred onto the main bitline MEL. "Write 0" writing! (from initial conditions) The ‘main bitline MEL
is in the high state.  The transistor T is conducting, bringing the node Ni to the high state. It willnoted
that the transistor Ti may however have substrate effect and not bass the whole of the signal on NI.
This however is not very important insofar that the 4:ztransistors Ti-T4 will amplify and restore the
signal to "clean" logic levels. V4 is brought from VDD/2 or more to the low state. The transistor T4
is then blocked. ~_Vlis brought from the low state to VDD, while Vbgl is brought from the high state to
the low state. The threshofd VORAGE of T1 is'lof: 7§ Blocked (NI Gate Th thehighStefe) “TranSistor T2 is
conducting, whiledtransistor Ti is blocked which allows the local bitline LEL to be brought to 200 V.
Next, V4 is broughtfram the low sfate 9,VDD, The.informafion.is now, stable-in the aroplifier formed by
the transistors 71-74. "Write |" writin(from initialconditions) The main bitline MEL is in the low state..
The transistoPT‘P%‘@gnducting, leading the node NI to the low state. V4 is brought from VDD/2 or
more to the low state: ithes transistarzf4 isthendblogkedns are presented nereafter as

regards the nanc-sense amplifier of Fig. 6.

Az shown earlier, the leccal bitline LBL is pre-charagsd
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whilie the mairn bitlins LEBL iz pre-chargsd to VDD (or to
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same level as V4 during a reading operation).
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The transistors T1L and TZ are as small as possible, their
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rformances may ke increased by virtue o¢f thelr back control

gate, and this both when they are conducting and when they are

The fransistor T3 should drive the node N1 and then the
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possibls in order to minimize the charge of its front gate on
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The nanc-senss amplifier of Fig. ¢ however doses not requ



30Vi is brought from the low state to VDD, while Vbgl Is brought to the low state. The threshold voltage
of 71 is low: 71 is conducting which allows the local bitline EEL to be broughtto VDD. /  The
transistor T2 is blocked, while the transistor T3 is conducting.  Next, V4 is brought from the low state
to Vim. 14 is then blocked.  Various physical considerations are presented hereafter as regards the
nano-sense amplifier of Fig. 6. As shown earlier, th&:local bitline LEL is pre-charged to whileGND the
main bitline LEL is pre-charged to VDE, (or to same level as V4 during a reading operation). 10The
transistors Tl and T2 are.as small as possible, their performances may. be increased by virtue of their
back control gate, ‘and this both when fhey &re tonducting and whén théy aré blocked” — “The
transisor T3 should-drives - hode Nirard them theimaih<ithine MEL during a readingopetation; T3 is
as small as pessible in,grderto-minimize the charge of its front gate,on thefl logal bitline NEL and its
performances may be increased by its back control date for rapidly conducting Ell and MBL. With the
transistor T4, it is pdssiti€ to'Sectie the R refrédting Operatiors ahid o 6W&rrite e body Stfect of the
transistol Ti. #dsselected taobe-as smhall:as possible.ment presented on figure 2 is

besed on a “half latch” structure, while the nano-sense

amplifier according to the second embodiment presanted on

figure & 1s constructed on tThe “full latch” structure. The
proposed schematics are the preferred schematics but it is
10 clear that these structures can Dbe bullt on other schematics

in the 1atchinq part or in

The performancs cf the NENC—-sSense ampiifiers {botl

embodiments) is obtained through the use of 2 bhack gate on

15 Se0I. However, 1t iz clear that the principle can be alsc

zpplied on any type of double-gate transistors having a second
gate such as the multi-gate f£inFets for instance.

It has furthermcre tce be noted that the simplification of

the schematics, through the reduction in number of devices and

20 in thelr reduced sizes, makes the application of the nanc-—

sense amplifier according to the inventlon very atiractive to

cther (e.g. matrix srray like) circuits than memoriss such as

imagers or analogue converters for instance. In another

appliczavion, the nanc-sense amplifier can he used as a bus
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s indicated earlier, tThe nano-sense amplifier provides its

OWn reference {(thrashold vcltage of transistor T3) and
therefore 1t dogs not need the presence of a second matrix fo
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{indesd, conventional svstems nesd a

reference Matrix for compensation of unknown offset wvalues

In addition, as it will disgcussed in further details below,
since the nanc-sense amplifler is very compacht, 1t can bs
35 erranged in a periodicity meeting the minimum pitch of memory



The transistor Ti should approximately have the same size as the transistor T3, if necessary with the
same choices as regards the back control gate. The transistor Ti is not 25 critical per se but requires
about 8 to 129 buses in order to be able to operate as a decoder. Eventually, the nano-sense ampof
Fig. 6 is wider than that of Fig. 2, essentially because of the decoding bus TBEE. This bus may
however he shared between two adjacent matrices i these matrices store different data bits.  The
nano-sense amplifier of Fig. 6 however does nod require any main sense amplifier, by which the
increase in size may be comperhated as far as the MEC bus has a reasonable size. With it, it is
further possibié 16 overridé thé limitations dié to Possibie“édrigestion st the Metal3 i fife' ¢aSe of the
first embodimenthinsafarsthattite avainthitlinelis decoded -t w=4trhaslic berroted thatthat the s
nano-sense araplifienaceerding4o the-firsternbogdiment presented.on figure iS baseg-on:arhalf latch"
structure, whilg the, nangs;sense ampPlifier according to the second embodiment presented on figure 6
is constructed on tpe “full latch” structure. The Qroposed schematlcs are the preferred schematics but
it is 10 clear that these siructures canabuH]t on other &chiemafics comprlsmg foré transistors either in
the latching patt oriRtfe décsderdfprecharged parts “THE perfoifiarééof thé naifo-sénsec
amplifiers(botheembodiments) is-ebtained throughrthe use of eeback gate an:15Se0l. However, it is
clear that the principlecan be-alsoapplied. onany:type ot-double-gate transistors;shavinga second
gate such as the multi- g%&ﬂgggts for instance,. - grhg[;lgjurthgrmqre to be notedkthrafg the . .

S|mpI|f|cat|on of the schematlcs throug h the reduction in number of devices and 20 in thelr Teduced
sizes, makes & %‘b?)l’ca‘iib% SHhemano s&rse’ Smplifier 32c8Fdifg fo'the TiVEHtioA ety atfractive to
other (e.g. métfi% drfdy fike)-€ireuits than memories such as imagers or analogue converters for
instance. In anothersapplicationpsense amplifieecantbef usedasabus regeneratosn making

use 0I a2 gingle bank of 128 staggsred conventional sense
amplifiers (fig. 7), 1t 1s possible o make use of wwo banks
15 f 64 nanc-sense amplilifiers (here ths nanc-sense amplifiiers

z 3
possible to provide perfectly “on-pitch” nanoc-sanse
amplifiers, as large as the cells)

20 It further becomes pozsible tTo locally decods thess nano-
sense amplifiers by placing the logic 0f the column decoder on
the “free” edge cof & bank ¢f nano-sense amplifisrs bank as it
ls represzented con Fig.8az and Flg. Bb. For instance, if the
arczhitecture oI the conventlional circuit nitially reguired

25 128 busses to decods each sense amplifier within the hank 1ike
on Fig 7 then the new orgahlization o©f thne nano-sense
amplifier and its decoder reguires only 14 busses (8 mest
slgnificant bits — MSE - and & least signiZicant bits - LIB)
te fulfil the same functionalit:

30 This featurs ig particularly advantagegus as the nanc—-sense
ampilfler CUCURLES significantly lass ares than the
conventicnal sense anmplirfier and thereforse needs only Ifaw

metal busses over 1ts area to decods the bank. Most of the

column decoder circul:t czn be integrated intce the onp-pitch
25 ar=a and no longery need to ke In the periphery oi the memory,
i.e. becomes an on-pitch circult and thus becomes iiself very

small in area and has a much lower powsr consumption and =z



As indicated earlier, the nano-sense am sindeu provides its own reference (threshold voltage of
transistor T3) and therefore it does not need the presence of a second matrix to serve as a reference
like on a conventional architecture 30 represented on figure 7 (indeed, conventional systems need a
reference Matrix for compensation of unknown offset values that are due to irregularities in the
fabrication process).  In addition, as it will discusséd in further details below, since the nano-sense
amplifier is very compact, it can be arranged in a periodicitu meeting the minimum pitch of memory 29
arrays that can he %ttair;llqg V\gLFL state o(f) %heoal;\tgliltﬁhofg__r%ggiﬁc#teg‘hnigiyes.;Tbe at(_#iditional_a(qubetween
adjacent memory arrays can further be Used for other circuits, on-piteh of ion-pitched &ircuits. The
nano-sense anpiifierttavingreduced wigths therers nolngedresorting:to & staeking:technigue, a
so-called "staggering-de¢hnigue, for seyetal conventionalsense.amplifier girguits hehind each other in
order to address several adjacent columns of memory cells while taking into 10 account the cit
difference in BBfwegH the'$&nsé dmbiefer dhd thiecelid)”  “Ks showrt on-the“exanipie of fitfure 8a,
rather than makinguisesofaisingie: bankof 128 Staggered conventional sensesamplHftHefs (fig. 7), it is
possible to make use ot two banks 15 of 64 nano-sense amlifiers (here the.nano-sense amplifiers
are said to be effectively "on-pitch” in that they may be as large as 2 times the pitch of the cells; may
also be possibte {6 providé peffecily "on-pitch* nano-sehisé Hmplifiers “as fargeé ws-thescelisy =201t
further becomes pessible o lacally decode these:nane- sense amp by placing the logic of the column
decoder on the "free: edge.of a bank of nano-sense ampjifjer% bank as it is represented on Fig. 8a and
Fig. 8b. For instance, if the architectlre of the conventional circuit mitially redii red 128 busses to
decodedachrsanseramplifier withim therbank fike onh Fgrzithenrthe mew organizatioreof ther
nano-sense amplifier.and;its decodegrequiras.only 16-Russes (8. mostsignificant bits - MQB - and 8
leas g, =i-ant bits - LOB) to fulfil the same functionality. . o o
redundandy contrcol. There is virtually no constraint and the

absence o0f bitline refersnce in the nano-sense amplifier

provides flexibility to optimize all the peripheral functions
15 cf the circuit.
I

t has been shown that placing the column decodser next to

the nano-sense amplifier bank decreases the amount of busses
neaeded by & factor 4. Furthermors, the remaining hbussss are
shorter as they are 1integrated in the or-pitch area. The

20  immediate conssgue
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in ares as the number oI bus drivers (buffers) may bs reduced
thanks to the proximity, and they are zma
naded. The powsr consumpticn 18 zlso reduced for the same

reasons. Speed can be increased a2t no extra cost bscause of

25 less parasitics
Pilacing other colrcults can be also beneficiary for the
circult. For instance, having this opportunity to place the
different voltages gensrators next to their load (Vplats, VBLH,
etc...) reduces or cancels most of the sources of disturbances
30 {ohmic losses, capacitive courlings) for thess funciicons



This feature is particularly advantageous as thenano-sense amplifier occupies significantly less area
han the conventional sense amplifier and therefore needs only few metal busses over its area to
decode the bank. Most of the column decoder circuit can be integrated into the on-pitch area and no
longer need to be in the periphery of the memory, i.e. becomes an on-pitch circuit and thus becomes
itself very small in area and has a much lower powericonsumption and a higher speed. 30 The
integration of other circuit blocks into the on-pitch area, next to nano-sense amplifier banks can be
extended for mstan to the address buffers themselves as shown on Fig. 9a and 9b. The address
buffers can b distributed under the colimn decoder and the Taquitenie oF BlisSBs decrédses to two
groups of 3 addiresses intthe giwen®xample aThiszsecond:rowaidunetion rayrbe inot o pitch” as the
number of C|E%téquQ%QQg.gorrespond to the array pitch Other functionalities can also be placeda
similar manner next to the nano-sense amplifiers banks, such as, for example , voltage generators,
pumps, analog functions, or redundancy control. There is virtually no constraint and the absence of
bitline reference in the nano-sense amrlaian provides flexibility to optimize all the peripheral functions
150f the circuit. It has been showh that placing the column decoder next to th nano-sense amplifier
bank decreases the amount of busses needed by a factor 4. Furthermore, the remaining busses are
shorter as they are integrated in the on-pitch area. The 20 immediate consequence of a local decoding
aporoa is a gain in area as the number of bus drivers (buffers) may be reduced thanks to the proximity,
and they are smaller as well as lass loaded. The power consumotion is also reduced for the same
reasons. Speed can be increased at no extra cost because of less parasitics. Placing other circuits can
be also beneficiarythe circuit. For instance, having this opportunity to place the fferent voltage
generators next to their load (Violate, VELE, etc...) reduces or cancels most of the sources of
disturbances 30(ohmic losses, capacitive couplings) for these functions. It is clear that the organization
shown in figures



and 9a-9b are examples, and the person skilled in the art would contemplate that other block
organizations are possible. in particular the sense amplifiers could be organized on only one side of
the array, or two blocks can be disposed on either side of the array to address the odd and even
bitlines, respectively. 32 CLAIMS 1. A sense amplifier (nSA) of a series of cells (Ci, Cj) of a memory,
including: - a writing stage comprising a CMOS inverter (T1-T2), the input of which is directly or
indirectly connected to an input terminal of the sense amplifier, and the output of which is connected to
an output terminal of the sense 10 amplifier intended tG be connected to a local bitline (LBL)
addressing the cells of said series, - a reading stage comprising a sense transistor (T3), the gate of
which is connected to the output of the inverter and ¢hggrain of which is connected to the input 15 of
the inverter, wherein each of the transistors has a back control gate formed in a base substrate below
the channel and capable of being biased in order to modulate the threshold voltage of the transistor.
20 2. The sense amplifier according to claim 1, wherein the input of the writing stage is directly
connected to the ihpuftesmireat ofthel infeeter, said inpuf termiral keing inteaded to be cannected to a

main bitline (MBL)owhg:hmemory, inciuding:

- a writing stage comprising a CMOS inverter (T1-T2),
the input of which is directly or indirectly connected to
an input terminal of the sense amplifier, and the output
of which is connected to an output terminal of the sense

10 amplifier intended to be connected tec a local bitline

(LBL) addressing the cells of sald series,

— a reading stage comprising a sense transistor (T3),
the gate of which i1s connected to the output of the
inverter and the drain of which is connected to the input

15 of the inverter,
wherein each of the transistors has a back control gate
formed in a base substrate below the channel and capable
of being biazsed in order to modulate the threshold
veltage of the transistor.

20
2. The sense amplifier according to claim 1, wherein the
input of the writing stage is directly connected to the
input terminal of the inverter, said input terminal being
intended to be connected to a main bitline (MBL) which

25 will address a plurality of sense amplifiers in parallel.

3. The sense amplifier according to the preceding claim,
characterized in that it is made on a semiconductor-on-
insulator substrate comprising a thin layer of
30  semiconducting materizl separated from the base substrate

by an insulating layer.



25 will address a plurality of sense amplifiers in parallel. 3. The sense amplifier according to the
preceding claim, characterized in that it is made on a
semiconductor-oninsulatorsubstratecomprisingathinlayerof 30 semiconducting material separated from
the base substrate by an insulating layer. 33 4. A matrix array of cells according to claim 15, wherein
the sense amplifiers are arranged in one or more sense amplifier banks and further comprising a
column decoder 5 placed next to each bank and configured to drive said bank directly. 5. The sense
amplifier according to any of the preceding claims, wherein one or more of the transistors are 10
multigate transistors. 6. The sense amplifier according to claim 1, wherein the reading stage
comprises an additional transistor (T4) complementary to the sense transistor, the additional 15
transistor and the sense transistor forming a CMOS inverter, the input of which is connected to the
output of the readifig stadé hhd’thé besutF vitich s B6RREER %0 the TgLTDf the INVEHEHS the
writing stage. 20 7t ke sense amplifierraccordingdo elaimrf;avherein the input efthe wiiting.stage is

indirectly connected to. theiiggutk;tergginal of the inverter via a decodincg stage?i%m rising a transistor
|

(T5), the drain of which is comnecied to tﬁ%qnﬁuﬁgprﬁﬁla%%‘élsse}% amplifier’5 anttheSource of

which is connécted i@ tiislinpataf the widthnd stage k8. #Amainsefseraraplifier (MSAY intended to be
connected via a main, bitline, (MBL),to a plurality of sense

5. The sense amplifier according to any of the preceding
claims, wherein one or more of fhe transistors are

10 multigate transistors.

6. The sense amplifier according to claim 1, wherein the
reading stage comprises an additional transistor (T4)
complementary to the sense transistor, the additional
15 transistor and the sense transistor forming a CMOS
inverter, the input of which is connected to the output
of the reading stage and the ocutput of which is connected

to the input of the inverter of the writing stage.

20 7. The sense amplifier according to claim 6, wherein the
input of the writing stage is indirectly connected to the
input terminal of the inverter wvia a decoding stage
comprising a transistor (T5), the drain of which is
connected to the input terminal of the sense amplifier

25 and the source of which is connected to the input of the

writing stage.

8. A main sense amplifier (MSA} intended to be connected
via a main bitline (MBL) to a plurality of sense
30 amplifisrs according to any of claims 1 to 7,

characterirzed in that it comprises a step for amplifying



30 amplifiersaccordingto any ofclaims 1to7, characterized in that it comprises a step for amplifying 34
the signal (T6-T10) delivered by a cell during a reading operation, and a switchable high impedance
inverter stage (HZ1) for sending back the amplified signal onto the main bitline following the reading
operation. 5 9. A sense amplifier (nSA) including: a writing stage comprising a CMOS inverter
(T1-T2), the input of which is directly or indirectly connected to an input terminal of the sense amplifier,
and the output 10 of which is connected to an output terminal of the sense amplifier intended to be
connected to a local line, a reading stage comprising a‘'sense transistor (T3), the gate of which is
connected to the output of the inverter and the drain of which is connected to the input 15 of the

inverter; and whereineone: ghatore transistorscof the ywiting-sjage and of the reading stage are
independent double %ate transistors, each of the transistors has a back control gate formed in 20 the

base substrate beldW the-citaHnel Andcapable of Bend tidBed it 5rA8ItE mBdaMkES the firéshold

voltage of the trandi8tor} for sending back the amplified signal onto the main

bitline following the reading operation.

9. A sense amplifier (nSA) including:

— a writing stage comprising a CMOS inverter (T1-T2},
the input of which is directly or indirectly connected to
an Input terminal of the sense amplifier, and the output

10 of which is connected to an output terminal of the sense

amplifier intended to be connected to a local line,

- a reading stage comprising a sense transistor (T3},
the gate of which 1s connected to the output of the
inverter and the drain of which is connected to the input

15 of the inverter;
and wherein one or mecre transistors of the writing stage
and o©f the reading stage are independent double gate
transistors,
each of the transistors has a back control gate formed in
20 the base substrate below the channel and capable of being
biased in order to modulate the threshold voltage of the

transistor.

10. A matrix array of cells connected to local bitlines
25 and to wordlines, characterized in that it includes sense
amplifiers according to any of claims 1 te 7, or to claim

9.

11, A matrix array of cells according to claim 10, wherein
30  the sense amplifiers are made on a semiconductor-on-

insulator substrate.



10.A matrix array of cells connected to local bi lines 25 and to wordlines, characterized in that it
includes sense amplifiers according to any of claims 1 to 7, or to claim 9. 11.A matrix array of cells
according to claim 10, wherein 30 the sense amplifiers are made on a semiconductor-oninsulator
substrate. 35 12.A matrix array of cells according to claim 11, further comprising logic circuits placed
next to the sense 5 amplifier banks or the column decoder. 13.A matrix array of cells according to
claim 12, wherein the sense amplifiers are arranged in_a non-staggered fashion in one or more sense
amplifier banks and wherein 10 a column decoder is plg‘ced next to each bank and configured to drive
said bank directly. 14.A memory including a matrix array of cells according to any one of claims 14 to
17. 15 15.A method for controlling a sense amplifier according to any of claims 1 to 7, wherein the
biasing of one of the gates of the transistors is modified during operations for writing, reading and
retaining data in the 20cells of said series.

12. A matrix array of cells according to claim 11, further

comprising legic circults placed next to the seanse

5 amplifier banks or the column decoder.

13. A matrix array of cells according to claim 12, wherein
the sense amplifiers are arranged in a non-staggered
fashion in one or more sense amplifier banks and wherein
106 a celumn decoder is placsd next tc each bank and

configured to drive said bank directly.

14. A memory including a matrix array of cells according
Lo any one of claims 14 to 17.

15
15. A method for contreolling a sense amplifier according
to any of claims 1 to 7, wherein the biasing of one of
the gates of the transistors is modified during
operations for writing, reading and retaining data in the

20 cells of said series.

16. A method for controlling a sense amplifier according
to any of claims 1 to 7, wherein the bilasing of the back
control gates is medifled during operations for writing,

25 reading and retaining data in the cells of said series.

17. The method according to claim 15 or 16, wherein during
a reading operation, the thresheld woltage of the
transistors of the writing stage 1is increased and the

30 threshold voltage of the transistor(s) of the reading



16.A method for controlling a sense amplifier according to any of claims 1 to 7, wherein the biasing of
the back control gates is modified during operations for writing, 25 reading and retaining data in the
cells of said series. 17. The method according to claim 15 or 16, wherein during a reading operation,
the threshold voltage of the transistors of the writing stage is increased and the 30 threshold voltage of
the transistor(s) of the reading 36 stage is reduced by controlling the biasing of the back control gates
thereof. 18. The method according to claim 15 or 16, wherein during 5 a writing operation, the
threshold voltage of the transistors of the writing stage3§ reduced and the threshold voltage of the
transistor(s) of the reading stage is increased by controlling the biasing of the back control gates

thereof. 10 19. Themgthod-aceording 4o glaim 501,16, ;wherein.during.a reteption pperation, the
local bitline is dischargﬁd via one of the transistors of the writing stage, for which the biasing of the

back control gate i§¥ontrole8A%°So B8%696Wer its threshold voltage.

18. The method according to claim 15 or 16, wherein during

5 a writing operation, the threshold veltage of the
transistors of the writing stage 1is reduced and the
threshold veltage of the transistor(s) of the reading
stage is increased by controlling the biasing of the back
control gates thereof.

10

19. The method according to claim 15 or 16, wherein during
a retention operation, the local bitline is discharged
via one of the transistors of the writing stage, for
which the biasing of the back control gate is controlled

15 so0 as to lower its threshold voltage.



