
NANO-SENSL AMPLIFIER FOR MEMORY  FIELD OF THE INVENTION
The inv _clon cnneraLLv _Elates r memo ie_s, d. m.c_ee  Dart cularl to a
sense am.i ___i _ - a s -_es of II ^..or" c____  BACKGROUND OF THE
INVENTION _... :ver sense amplifier general'- .yess about  2256 o 1,024
memory cells via a , a s. cai r.-e. The  cone o.na.. sense arm- e.- is more
snec- fr ~' differentia _ _mu_ -e_ n a=no W err a h ine and comp e _tar
rir]_in, wracn. is aseo a., c =er_, cc I-._. 10 A con __ nicn__. Y:igr _
,c_eas no the performances _t  navy DRAT emor consists in reaucira the
nurrher call,- ddr ssed; b r a sense amplifier Ireference is a1sc m t..
reduction in the ionat" of the b..'_ine). Kos rger  Yuan a' sense aT O .fie ..
has be wrc'.'id l, in vier __  address the whole one ceLls ma ino u,,--. the
m "ry, v _c_- is  express; by v Wsh o ,a7oX: efficiency sofa tha_
managemen`. the memory consumer useiu ur= area the  detriment the
actual memory. -de: __art trio lc s of I cier ry, cne _t._c__  2C', 5 Mdc
Random Cycle, 1.5 ns Laren i, EC: Embed ed DRAIN,  Macro Featuring a
Three-! ans__., Wore Sense a-ol __ , ...rw a_., S ` 2007)/ '.:.age 466-467
snows an architectural .i__ cn.y Lase" on sense n ifiers, sc a__ed.  m'_
_ens_ M)__._ __ , aa ess= o ._r a local hill ne, few: 2 cells (32 typically)
but consisting very few (typically  three) transistors. It will be noted that
this article proposes a,i architecture  in which the different memory cells
are. made on a si1..con-on- 5 insuiaLor substrate (SOT). The different. m-
'. -co-sense a mp ifiers are as for -,item, forme,: eith _ on a r;ul_ subst-ate
or a SOI substrate. Each micro-sense amier has two input terminals  



connecte to two main bitl'nes RBL (Read Bit- r.e) and G;EL  10 (Write
Bitline) which will control the read/,,,rite operations of the ceil.s addressed
in. parallel via the local bi'-line LEL  connected to the output terminal of the
micro-sense am ifier.  Resorting to two stain bitlines proves to be a
problem in that the ar ,.itectnre proposed by this article cannel be  15
transposed for producing standalone memories and. th= remains  limited
to the production of embedded memories. Further., each ricro-sense arrp.'
tier can oily address  reduced number of memory cells (to to 32 typically)
so that a  relatively large number of n.icro-sense amplifiers (from 64k to 20
128k for a 2 M;st memory) has to be resorted to. In spite of  the relatively
reduced size of the micro-amplifier (only  3 t.rars,stors), the drawback
mentioned ea 1ie._ of sign ficant  surface .onsumpIion for tre sense aitpl'.
icat_ior, function, to  the der-iment of h. e. memory -ion, therefore partly
25 remains. SHORT DESCRIPTION OF THE INVENTION The object o;F
the invention is ro propose a technique which  allows the drawbacks of the
architectural hierarchy proposed  in the aforementioned article to be
overridden. 3J For this purpose, hie invention proposes, according to a
first aspect, a sense amplifier for a series of cells of a  rewritable memory,
including: a writing stage compri-?nc a LM'S inverter:, the input of  which
directly or_nd-_rectly 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 to a local biz line
addressing the cells said  series; 5 - a reading stage comprising a sense r
ans_.st r, the gate  which is connected to the output the inverter and the
drain  of which is connected to the input of the inverter. 



According to a first embodiment, the input of the writing  stage is directly'
connected so the Wont terminal o-' the  10 inverter, said input terminal _
being intended to by connected to a main bitline which will address a
plurality of sense  amplifiers in parallel. According to a sees, embodiment,
the reading stage  comprises an additional transistor, complementary to
the sense  15 transistor, the additional transistor and. the sense trans stor
forming a CIVICS inverter. the input of which is connected to  the output of
the writing stage and the output of which  connected to the input of the
inverter of the writing stage. in this second embodim nn, the inpu, of the
writing stage  20 may be indirectly connected to the 'input temnina- of the
inverter via a decoding stage comprising a transistor, Me  drain of which .
is connected to the input termina_ of ne sense  amplifier and the source of
which is connected to the input of  the writing stage. 25 One or more
'transistors of the sense amplifier are  multiga ., transistors. The Making
one of the gates of the  multigate transistors can be modified during
operations for  writing, reading and retaining data the celis of said  series.
30 The sense amplifier accordion to the irs'L. aspect. of the  invention is
preferentially made on a semiconductor-on_- :sulator substrate comprising
a thin. layer of semi con do cting - material separated from a base
substrate. by an it ula7ina  layer, and each of the transistors has a back
control gate n  formed in the base substrate below the channel. and
capable of  being biased for modulating the threshold voltage of the
transistor. According to e second aspect, invention relates to a. -he 5
method for con"trollint e sense amplifier according to the 



inst aspect of the invention mane on a Se() substrate, in.  which the bias
of the back control gates is modified during  operations for writing, reading
and retaining data in the  cells of said series. 10 During a reading
operation, the chreshold voltage of the  transistors of the writing stage
may be increased and the threshold voltage of the transistor(s) of the
reading stage  may be decreased by controlling the bias of their back
control  gates. 15 During a writing operation, the thshold voltage of the
transistors of the writing stage may be decreased and the  threshold
voltage o. the transistor(s) of the reading stage  may be increases by
controlling the bias of their back control,  gates. 20 During a retention
operation, the local bruin- mar be  discharged via one of the transistors of
the writing stage,  for which the bias the back contro; rate is controlled so
as to lower its threshold voltage. According to still another aspect, the
invent ion r a,_es to  25 matrix array of ceLls concerned to local bitlines
and to  word lines, characterized in that includes sense amplifiers
accuroino to the first aspect of the invention. In the matrix array of cells,
sense amplifiers can be.  arranged in one or more sense amplifier banks
and the matrix  30 array can further omprise a column decoder placed
next to each bank and configured to drive said bank directly. ruder  Marc
circuits can be placed next to the sense amplifier, cants  or the co'_umr,
decoder. According to another aspect, the invention relates to a  memory
including a matrix arras' of cells. 1'he memory cells a the sense amr) ..L
-._s of the memos-}( are  preferentially made on a sem conductor o.
~nsu?a:_c sun:' ate  Accord_ n , to st.:.!r_ another aspec.;, t; L_: _nve or. r
fates. to 



a main sense amrli"ier' ntended to be connected via a main  bitline to a
pl.:;ral v of sense amp"`,ers a cor.d.'Ln tc the.  irst embodiment of the
aspect _ the invention,  characterized in that comp is..s a stage flor
amplifying the 10 s_anal del five-ed by a cell during a reading ope_`'a'tio'i,
and a  s wl.tchab.LE high impedance inverter .. t, a. C)F f. sen`.71 nc back
the  amplified signal onto the main i tl1.ne following the reading  operation.
A cording _c a further aspect, the, inve..tion vela .__, to  15 sense
amp'....:i.iie, Including: - a w itina stage comprising a CMOS inverter, the
input of  which i direct yr of indirectly connected to an input of the sense
ampli_-.'e,, and the output whit _ connected.  1 an ,et._put terminal of the
sense amplifier intended to be  0 onns,.c,_ed tr a y o ... 1 line - a reading
tag- mprisina a sense t'-ansistor, --le ga-e cif  which Is conm to the output
of the inverter and the drain  of whit. is connected r_ the inpu of the
`inverter; and wherein one or more transistors of the w- tin-t .a.ge and  25
of the rea irc, stage are ind_pen ...._ double as raps o,_r  Yet according to
another aspe , the invent relates a mat ril r_ay of cells comprising sense
amt Th`'ers and column.  decode s, wherein the sense ampl ged in a hop
ficrs are stagae_ed a_ ..ion in one or more sense amvle-er oanks arid 3 G
wherein a cc..._umn decoder is laced next to eecr hank and  configured to
drive .aid bank dire _ _ SHORT DESCRIPTION OF THE DRAWINGS
Other aspects, objet ._ and advantages of. the present.  . nvent]..on w 11
become bet t.er' apparent. upon s.: adin_j the following detailed
description o_- pr. embodiments  thereof, given as a non-1limiting
example, and made with  reference to the appended drawings wherein: q.
1 illustrates the architectural Hierarchy app ied in. a  



5 first embodiment of the invention, ig. u gates a nano-sense amp if i er
acco_di_n,,, to the  first embodimen of t",-," --liven" 5 01; Fr s. 3a a_ 3b r
.,, .,_It.ate exer--x,l..ary t G ,is'.o..s navna back  control Fates; 10 - Fiq. 4a
__ orates a. possible topology of a nano sense  amplif_ according t-,o ..
ig. 2; - Fiq. 4b ratea ,- p ibie organization of nano-sense  amplifiers a c
cording to Frog. _ along columns of a. memo y  matrix; 15 Fiq. castrates a
era n sense anni f,_ l e. nter,.dec for  gran. (erring data owae~rd./from a
pl~urali.ty of nano-sense  amplifiers according to =i.g. , Frg. 6 ..1.1u..
cafes L nano-sense ampl' according a  secona emoodiment of the
invention. 20 Fig illuLcrates the sate-of-'"he art array archf-eci--ure;  Fiq.
BE, illustrates an nnovat v ar r a,y arcl -, r e using  two bank,: of
nano-sense amp rer. acco:-ding t o the _nvent.on; 8x:- i-'us trate: a
detailed organization of: the busses fo  decoding each of the. nano-sense
am ifie of the ban!,,, 1r. the  2 5 architecture of Fig. fla; Fin. 9a illustrates
an extended innovative array arch_tectu_re  _cing two banks o`
:nano-sense rpliifne -s ac o d.ng to the  invention; Fig. 9b illustrates a
de`-a_' ed organization o.... the busses for  30 decoding each the nano
-sense: amplifiers of the bank, iri. the  a-ch1::ecture of Fin. 9a. DETAILED
DESCRIPTION OF THE INVENTION The invention according to a first
aspect relates io a  sense amplifier (called a nano-sense amp Fier) of :_
series of  calls of a. memory . An architectural hierarchy applied in a first
embodiment of  



the invention is illustrated in c. - and according to MO:.  a nano sense
amplifier r.S?-, covers a series of memory cells via  a local biz line LBL,
typically between 1,28 and 512 memory  cells , The nano-sense amplifier
nSA transfers data towards/from a  10 main sense amplifier NSA via a
main r Lline MBL. The main  p `one MBL covers a series of nano-sense
amplifiers nSA,  typical'y between 1i and 32 nano-sense amplifiers nSA.
The main sense amplifier PSA moreover connected to a  line, a so-cam
ed azairue. DL, on which read/wrii.ten data  15 circulate in the memory
cells. it will be understood from the description which follows of  e first
embodiment tire invention that nano sense  t amplifier nSA provides the
reading and. writing functions,  while the refreshing function is achieved by
the main sense  20 amplifier MSr which forms the interface between the
nano-sense  amplifier nSA and the peripheral circuits. it will be noted from
now on that the nano sense amplifier  nSA has a single connection (the
main Mine MBL) with the  main sense amplifier MSI, with witch it is p ssib
e to meet 25 the constraints in terms of metallization width both in the
field of embedded memories and in that of standalone memo,-_.e:..  As
illustrated in rig. ;", a nano sense amplifier nSA accordion the. first
embodiment of the. invention only  includes three transistors Ti, -.12, _"3.
30 The nano-sense amplifier ..SA more specifically comprises an  input
terminal _ connected to the main bitline MBL and an  outpuz terminal S
connected to the local hitline LBL via the  input terminal E. The nano
sense amplifier nSA comprises a writing stage  comprising a CMOS
inverter, the input of which is directly  connected to the input terminal E
and the output which is  



~~ connected to the output terminal S. The CM OS .mercer comp ses, t ,.
tw for  ,_ ~. two terminals applying power supply potentials, NOD and
ODD respectively, a transistor w first type Manuel in series with a
transistor with a second type of manner in the illustrated . embodiment,
the inverter comp .s r  10 channel transistor TI, the source of which is
connected -,--,o zhe  potentia_ VDD (nigh state) and a I channel transistor
T2, the  source of which is connected to the poten,,.ia_ GN;D (ow state).
The gazes of the transistors of the inverter are connected.  together and
connected to the main hitline N;FL. The middle  15 point of the serial
combination of the transistors T: and T2 (the output of the inverter) is as
for it connected to the  local h':t-ine LB`,. The nano-sense amplifier nS^.
further comprises a reading  stage formed by a transistor T', here an h;
chance- transistor,  20 the crane of which: is connected to the ouicoui of
the inverter and to the local hitline LE, the drain which as connected  the
input, of the inverter and the main . Cline MBL, and  the source o'_ which
is connected to a e mina_ for applying ~.  power supzay potential POND.
25 Within the scope of a preferred emboa rent of the  invention, the
nano-sense amplifier ._SA is made on a  semiconductor-on-insulator
substrate come _si..n, a th ',eye.  of semiconducting material _ separated
from a base sub ate by  an insulating layer. Each of the transistors has a
back 30 control gate formed in the base bs`t..-at_ below the channel  and.
capable of being biased in order to moon,la-,e the - n.. e sho_d  voltage of
the tra)s_stoi. The bias ie cectiv.ly applied to  the. back control gate. o
transistors 71, T2 and_ _-,  illustrated on tno figure by references. `'bg.,
Vhg2 arid. Vbg3. 



It will be noted that the modulation . the tnresho1d  voltage is particularly
advantageous in that in allows the  operation of a transistor to be forced
so as to ensure,  depending on the circumstances, that it isactua_ly
blocked 5 conducting. With. this, the ope aL-on of the r_ no sense
amplifier nSA maw he made more secure, and therefore the  operation
margin thereof may be increased (whit allows _ _ cells with its nano-
association . of a larger number of memory sense amplifier nSA;. 10 in
Fig. 3a, a P channel transistor i. lius.raueo, having a  back control. gate
B`b arranged in the mass substrate under the  BOX insulating layer so as
to be positioned facing the front  control gate G. The back control gate B3
formed here by a P ype doped region isolated from the bas.. substrate by
ar. N  15 conductivity well 0N, In Fig. 3b, an N channel transistor is
illustrated, having  a back control gate BGN arranged in the base
substrate under  the insulating layer so as to be positioned . facing :he
Iront.  control gate G: The back control gate B is formed here by an 20 N
type doped region insula t.ed. from the base substrate by a P  conductivity
well In Figs. A and Bb, the transistors are fully depicted SeO- transistors
defined by a channel/body region that _n n  enough to allow the field
induced by the top contr 1. gate 25 (under usual. voltage conditions) to
reach the buried oxide  layer BOX, A transistor for which the cr:annel_
h.a.s a ^ ond.ucsivity of  type N and a back control gate of _ conductivity,
nas a very  high threshold voltage. This threshold voltage may then be 30
reduced by applying a positive voltage on the back control  gate. A.
transistor for which the channel has a conductivity of  type N and a back
control gate of conductivity N as for ]is,  



a nominal threshold voltage which may of reouceci, by applying a  positive
voltage on the back con---ol gate. Is  Th s variatior- of the threshold
voltage or the t n.sistor via the back conrrol gate may be formulated
according to Vta ,,.V , wherein t., represents the __ reshold voltage of the
rar.sistor" : the voltage aoalled to the Lack -cntc_ gate,  5 V the nomin
_n_eshr ~c voltage (nl_ich may be i Up __he work function depending on
whether a back control gate of type  N or P Is used), and o is a coeffrcien~
related to thee.  geometry the ans_, o! The different w._._ino, read '.nq
and. retention operations  10 which may be app_led by the amr _ier o `
-ig. 2 are  aescribed hereafter. Reading  Du r_ng a-r open i.on for rea ne
datum. stored a  memory cell _ connected the local niltl LBL, and 15
selected by means o a line, a sc - alled. wordiine {not, shown)  he tr. psis
;_ Ti of she reading stage is th sense while  the tans sty s and T2 o"- the
reading stage are b[ cked in  order to avoid any co-up` on of the signal
from:. select a d..  ce_l . 20 The inve r ie has a voltage of VDD/2 (r.)oten
!a-1v rating  voltage) on t_o i..npu.. F. A high voltage is a'pl-ed to he back
cunt ro, gate o the P  channel trans ..tor _ (Vbcr is for example in the high
state  VDD) so as , .t. its threshold vo-l.tage above VDD/1 and 25 thereby
block the transistor T_. this does sot pr re tc be  sufficient, is also possible
to reduce power supply  patenr.ai VDT! the ansistor T2 reading  operation,
by ypica.ily using a voltage alredy existing in  the circu`.t such as VDU/2.
l0 M.cre on e 1- , a low voltage is applied the by 1, control gate  



of the N: charnel. transistor 72 (Vha2 is for example _n the low  state
2ND) so as to ,et. its threshold vo ce above VDD/2. and  to thereby block
th. tans stor T his does riot prove to  be suf... icier " -s also pessy..bbl.e - '
ncr...ase the. power 1i  s PUIV potential ::ND of the transistor Ti during
this  operat=on, for example by a few hundred millivolts, typically  by using
a voltage already existing in the circuit, such as  VDDi2. S The selected
cell is be read Lypica- provides 200-300 m-,'  if it contains a a and 0 mV if
icontains a "0 A road voltage is applied to the back control gate of the N
channel sense transistor Ti (Vbex3 is for example in the high  state VDD),
order to lower its threshold voltage blow, the 10 level provided at He gate
by the local b,tline AML. The power  supply potential PGND of the
transistor .3 is hero the low  state, for example GN. a "I " is present on the
local hi line 1B_, the sense  transistor 73 is conducting, and the main
sense amplifier MST  15 may then eiti detect the current flowing in the
main bitline PB1. through. the transistor T3, or sense a voltage .!eve:!
change  on the main b 'line MSI! (wh'.ch drops since T3 A conducting)  if
the ncae was initial- floating. if a "0" present on the local bline 15L, the
sense  20 transistor T3 is blocked and the main sense amplifier MSA may
then either detect zero current on the main itline MBI, or  sense a
non-modified voltage level on the main hitlrne _M,EL.  WAzinq During an
operation for writing a datum stored in a memory  25 cell Ci, connected to
the local bit, ,e LSL, and selected  by means of word line, the transistor T3
cf the reading stage the blocked in order to avoid any corruption of
~nsigns. from the main sense amplifier NS?. via ..he main bi-aline MDI,
while  



the transistors TI and _ of the reading stage conduct. as- 39 efficiently as
possible this signal from the mains bitline MBL  towards the local bit ine
1BL. In the fo 'owing, a dr notion mace between wrizing a  "0" (Write 0
operation), and writing a (Write  operation). 12  Write 0 The inverter stage
has, via the main bitline MBL, a "I" at  its input. A low state is applied to
the back control gate I of the P  5 channel transc sti:or (\i'o-:l_ is for examp
e af ND) in order  lower its threshold. voltage as much as possible (p
,f_rably  below 'rTD; ~, for example a Lrici 100-200 mV in absolute value) .
The transistor Ti is blocked insofar that it receives a high  state ins front
control gate. The power supply potential of 10 the transistor Ti is
maintained at VDD, so that other nano- sense amC_f i Ls in parallel. (i.e.
sharing the same power  supply poten:.ial) may perform writing of a "I" at
the same  time. A. high state is applied the back control gate he N  15
channel transistor T2 (Vbg2 is for example at VDD), in order  lower its
threshold voltage (preferably below VDU/2, for example around 100-200
mV absolute value). The t nsisto_r  'T2 receives a high state on its front
control gate and is  therefore conauctinc Insofar that its threshold voltage
was 20 lowered, the conduction level of transistor T2 is increased  (or
further, the size of the transistor T2 may be reduced if  an identical
conduction level is maintained A low ~ra_ e is applied tc the back control
gave the N  channel transistor the reading stage (/agI for  25 example the
low state GND) , and this so the in has a high 



threshold voltage, preferably above I'DD/2. is the local  bit...ine TBP is in
the low state because the act:-on of the  transistor 02 of the writing
inverter, transistor T3 is  blocked and therefore does not corrupt, the I
delivered on  30 the main hitline MDr. The power supply potential POND
of the transistor To  here n.. the low state, for example GND. This power
supply  potent a- PGND may however be increased in order to a pain a .
value close VDD/2 (below the threshold voltage oF T3) in order to ensure
that the transistor is actually transparenr  with respect to the main bitiine
MBA and does not generate  conflic:s herein, notably during tra.lsitions
between the  di feren operations. J W r i 1. e The inve]ter stage has, via
the main bitline VBL "0" at  its input, and the order o" the operations of
transistors T_  and T2 is inverted relatively to the Write 0 v operation.
Thus a nigh state is applies one back control gate of  10 the N channel
transistor T2 (Vbg2 is for example at VDD) in  _~ much as posswn1.e
order to lower its threshold voltage as (preferably below VDD/2, for
example around 100-200 mV in.  absolute value). The transistor T2 is
blocked insofar that _r.  receives a high state on its front control gate and
the Hower 15 supply potential o transistor T2 is ma..ntalned ai. GND, so
that other nano-sense amplifiers in parallel (i.e. sharing the  same power
supply potential) may perform writing of a "0" at  the same time. A low
state applied to the back c n.Tro gate of the  20 channel transistor P1
(Veal is for example at GND), so that  has a low threshold voltage
(preferably below VDDI/l, for  example around 100-200 my _n absolute
value). The rransiszoz  



Tai receives a bla state on its front :.ontroi gate and is  therefore
conducting. Eneof ar onat: its t nrresho ld. voltage was 25 lowered, the
conduction level of the tra eto _:. is  increased (or further by retaining an
identical conduction  level, the size of transistor T:l may be reduced). A
low state applied to the back control gate of the If  channel transistor __ of
the reading stage (v hg is for  30 example in the low state GND), and This
in order to increase it threshold voltage, preferably above VDD;2. The
power  supply potential PGND of the Gran 'stor T? is here in he low  state,
for example GND. 11 As the local bitline LBL is in the high. state because
of  the action of the transistor Ti of the writing inverter,  transistor 73 is
conducting, but does not corrupt the "0''  delivered on the main rr tline
MBL since its source and its 5 drain are both at the same value (low ate
GND) . The power  supply potential PG D may however be increased in
order to  attain a value close tVDD/2 (below the thres'hold voltage of  T3)
in order ensure that the transistor T3 is actually  transpareent e'.ative.''v' to
the main hilAine MBL, and does not 10 generate conflicts therein, notably
duri y transitions between  the different ouerations. Retention  It is sought:
to avoid any stabc current, and thereby block.  the three transistors by
ideall,, minimizing leakages. 15 Ir, a preferential embodiment, the
retention operation is  applied by preparing he reading or writing operation
which  will follow, and t^ is by discharging the local an cline to the  -ow
state GND which is a prism condition for w=ring. The inverter has a
voltage of VDD/2 (poten---a'j.v flooring  20 voltage) on its input.. A high
voltage is applied to the back control gate of the P  



channel transistor TI (Vbgl is for example in the high state  VDD) so as to
set its threshold voltage above VDD/2 and to  tnerebvr block the transistor
'11. T' _ni s does of nr^ve tc be 25 sufficient, in also possible to reduce the
power supply  potential VDD of she transistor 72 during this e .ntion
operation. Moreover, a high voltage is applied to the back n.t_o_  gate of
the N channel wransistor T2 (Nhg2 is for example in  30 the high stave
VDD) so as to lower its threshold vol-age (to about 100-153 mV). The t.
ansistor T2 it conducting, which  allows the local hi lie LBL to be
discharged and to be forced  the low state ENi, thereby prepa..rinq it. for
the next l  access. As the circuit in retention, no cell is selected  and there
is therefore no current. in sofa- that the local b,. '..ine DBL is in the low
state GND,  transistor T_. blocked .nd therefore nc current flows  5
through i_ L. low vs rage may be applies :"o the back control gate the
transistor- T (Vog3 is for example it the low  state GNC), which increases
its threshold voyage and allows  minimization of the. leakages, in Tig. 4a,
a possible topology the nano sense amp'_tier  10 of its. 2 made on two
columns illustrated. Only three  metals are necessary Metal! for the
interconnections of in(,  transistors, Retail for the distribution of the power:
supol  potentials POND, GNI? and VDD, Metals for the main bitline MBL.
The width of the manc .sense anp!irter corresponds to two  15 metal lines
or two columns of cel,s in the. case of a DRAM. it will he noted that the
three back control gates are  active and may con rque,n.t_y be subject to t
delays. it is  then possible to choose to regenerate them periori fly,  ideally
at the same reporting frequency as the word line  20 drivers. 



The memory cell, as for in, requires a Mena!! line for  attaching it to the loc
Online and a Metal2 line for  attacho us it the word line. This leaves the
Me-a!2 line  free for letting through the main- bi0i.ne MB.. 25 Insofar that
each column of the memory matrix requires a  nano-sense amplifier, a
possible organization may nsist a.- arranging the n".ano sents- mv?,.fi rs
head to-t i__ as this is  illustrated Fig. 4b, a first nano -sense amp fier
having on  its input terminal the signal .,BL and addressing via its local 30
bizline a series of cells along a first. (even) column, the  other nano-sense
amplifier having on its inn" terminal the  signal MBL, and addressing via its
local b_tline a series of  cells aIonC a second (odd column direr ly
following adjacent  the firs o column the memory 2a~rix. 15  Preferential
conditions for the operation of the nano-sense amplifier of Tig 2 are
threshold voltages of the transistors,  close to VDD/2 and a variation o-
these threshold voltages by  biasing the back control gates in a Lange
approximately  comprised between 100 mV and 7f0/ T 150 sf7. These
conditions involve lithography levels beginning  55-45 no (VDD of the
order of V, t'h e,holo. voltage of the  order of 35C mV and which decrease,
with the scale effect; the  node 4 n m having been att ned in 200 200?'.) ,
and thicknesses 10 of the order of 2-20 nm. for the thin layer of the SeOL.
substrate and. o the order of 5-SO no for the buried.  insulating layer of
the SeOl.. substrate. It will. be noted that the nan c-sense amplifier is
mainle  developed for DRAM memories. lowever, operates with any  15
Type of RAM memory (GRAN, PCRAM, CERAM, ZRAM), well as win
flash memories (with, in. this case, one requirement of  maintaining
relatively high voltages during the writing and  deleting (erasing)
operations; this may for example be  



achieved by usl,ng two transistors in series rather than a  20 single one _.
the "transistors Tl-T3). As this was seen earlier, in the case of the DRAM,
the  nano-sense amplifier performs reading and writing operations  but.
does no"L" perform the refresh ring/ re. onn ooeraLion:; the atr.er being
performed b; the main sense amplifier. NS=r,  25 possible embodiment of
which is descr .bed_ hereafter in  connection with Fig. 7. F_ DRAM cell
actually requires being  perioo early e ~'reshed in order to compensate
charge losses  and being restored after each read access. The main
sense amplifier MSA is connected: to nano-sense  30 amplifiers via a
main bitline NFL on the one hand, and to the  peripheral circuits via a data
line DL on the other hand. The amplifier MSA comprises, in series
between the  potential.s ADD and GND, three transistors T6-T8.
Transistor TE  is a 2 channel transistor, the front control gate of which is
controlled by a signal p2 Transistor .7 an P channel  transistor, the front
control gate of which is connected no  the main hit ine ME'. Transistor Ti a
F channel rranslstoE,  the front control gate of which is controlled by a
signal 03, S The ..m, '.....' . i.er MSA farther comprises an N channel :.. a s
isoor.  TIC between he main o '.._i e MEL and a power supply potential  at
VDD/2 and .he front control gate of wnion in con-.roiled by  a signal 01.
The amplifier MS< siso comprises a P channel _ran istor  10 between the
ma - b1 nine MEL and a power supply potential \.''  and the front control
gate of whicr is connected to the node L  corresponding to the middle
point of transistors Ti and T7, As this will .. be explained in more octal.
subsequently, the  whole he transistors T. ..IO forms a stage for
amrb-iiving 15 the signal delivered by a cell (on the local bitline LEI-
towards a nano-amplifier) during a read.inq operation. 



The node A 'a connected no a. high impedance inverter H.7j,  the
application of the inversion function of which  controlled by a control signs'
04 (in. Fig. , WE designates  20 the complementary of 14). The output of
the high impedance inverter I-ill is looped  back once the mail; b Cline
NEL.. As this will be detailed subsequently, the invertea HZ..  thus forms a
sw tchah e. high impedance inverter sage for  25 sending back the
amplified signal on nod main bizline  following a reading operation. A high
:impedance stage M,. n.t.rol.ea be a signal. 05 (15  designating the
complementary of 05), enables the, dat line  be connected to the ma-.._r:
bit line MEL. 30 initialization the 11SA amplifier is as lows. ,1>2 is set .to
1" while 1 is set __ "0". As the  transistors T6 and T2 are blocked, the set
Ti, TO and _" is  loaning. Iu  The Power supply censorial 7- of the
transistor TO is  moreover set to VDD/ 2. Both stages HZ1 and HZ2 are
floating, white the transistor  TIC will, as for it, pre-charges the main bitiine
MBL to  S VDD/2, via the phi ca::io of a' nega' Lve pulse by the cont_OOL
signal 01. An operation for reading a tai and for restoring this "1"  implore
ed by the N.SA amplifier is the glowing. The read re.1 delivers I on the
local' hit line LBL. The  10 transistor` T, of _, . nano-sense amplifier n SA
disoha' ges the  main bitline MEL to the low stare :,N,. Transistor 17 is
then  blocked. The power sups y potential V+ of the, tcansiszor Tr is
Increased from VD?/2 to VDD. 15 The control signal 03 of the gate of the
transistor TO is  



set no the kith state ADD, so as to make the transistor T2'  conducting. A.
the transismor 77 is blocked, it will cut the  path. towards the node A. The
control signal 02 of the gate of the transistor TO is  20 set to the low state
GND, so as to mesa the transistor TS  conduct'-.ng. The potential the
node a _henincreases o PDD,  which causes blocking of the transistor T9.
The control signal 04 will make 'she 5Z1 stage conducting.  The I a ..er'
conducts the main nit. ne MB to the low stare GND  25 (by inversion of the
high stare of too node A) , and sera, back this low state to the nano-amp
i:tier nSA, -w icih will then  ~ b Wr1t6 a ",_> (cf. C":eVa.A U.S discussion
of a Wrote writing  Ylg  operation by the nano-amplifier nSA). The control
signal PS will make the H22 stage con ducting.  30 The latter will then
deliver the signal of the main billion  (stemming from the _5_ stage) to the
date line DL for  processing the input/output peripheral circuits ('the data
line DL is f'._oating in order to accept the signal from the  main bi.t.llne
MHL). 1 9 An operation for reading a "0" and for restoring this "0"
performed by the amplifier MS A is as follows. The cell read delivers a "D"
on the local. b tli.ne LEL. The  transistor of the nano-sense amplifier -SA
remains blocked  5 and the main dine MELD remains at V, D/2. Transisio-
T7 t is then conducting. The potential of of the transistor is increased from
VDD/2 to VDD. Toe control signal TS of the gate of the ansistor TE is  10
set to the high s a--e ADD, so as to make transistor TB  conducting. 



The control . signal 02 of the gate of the transistor TE is  set to the Low
.gate GND, so as make transistor Tl,  conducting. 15 The transistor T6 is a
weak t-ansistor as comsared with the  serial. association of transistors Ts
and T8, the potential of  the node A drops to "0". This leads the transistor
T9 to a  conducting (also weak) state, this h.as the consequence of
leading the local bitline to VDD (from V" . Nero, she 20 transistor T will.
lead the node A closer to the low state  GND. The conk o. signal 14 w_
1,1 make the stage H5 conducting  The la.-t er leads the main hi line MBL
the high ate ADD  (by inversion of the low state of not node A) and sends
:ruck 25 this high state to the nano-amplifier nSA, which will then  rewrite
a "0" (cf. previous discussion of a Write 0 writing  operation by the nan
amrl.. fier nSA). The control signal 15 will make the HZ2 stage conducting.
The latter will then deliver the signal fron.m the main bitline  30 ME!
(stemming from the HZl stage) to the data line D! f= processing by the
input!outp z peripheral circuits (the data  line DL is floating in order to
accept the signal from. the  main bitline MBL). 20  A wr itinc operation
performed by the MSA amplifier is the following. From the print of view of
the MSA amplifier, this  o eration it similar to a reading operation. The only
difference stems from, the. initial conduction of the main 5 i ine MP
because o f its powering from the d ;a line is the  fiZ2 stage. The following
steps are the same, except with regard to the  last point (transfer the data
line) ,which is out of context  for a writing operation. 10 It will be noted that
in Fig. 5, the c -ter nt transistors  



T6-TIP were illustrated wind ba x control gates, each being  respeo ively
connected to the oorrespondina frnn'i control  gate. This illustration was
only made for sake of clarity, and will be understood that in practice the
back control gates  15 are biased the most suitable way for increasing the
performances of the NSA amplifier. As examples, the back control rates of
tra,sisto. and  TO may be biased. that ___ese transistors have relatively
high threshold voltages and are thus weaker than the other  20 transistors.
the foregoing, an embodiment ofr_e MSA amplifier is  reverted within the
scooe of an application to DRAM memories.  it will be retained that
because of problems noise and of  variability encountered with SRAM
memories, the MSA amplifier 25 described, ea fire may advantageously
be used therein _fe- reinforcing the quality of the signa: and for incre ing
th.e- security of such. c:_rcu-ts, An MSA amplifier cf the same type may
be used with RAM  memories (2CRAM, CERAM, FSC DRAM, _ in may
also be used  30 with flash memories, while bringing attention the
requirement of supporting the re,.. a .' ,,.._y high voirages  required by the
memory cell. A nano-sense amplifier gSA according to a second
embodiment  of the invention is illustrated in Fig. This second embodiment
proves no be.. advantageous in that,  in addtion to the writing and readinq
operations, the nano- sense amplifier nSA. is also capable of ensuring
refreshing/restoring operations. is therefore not necessary  - ~i 5 to resorn
d a main sense amplifier 13h, which is notably  expressed by gain in
surface area. Further, the metal (Metals) , which used as a main  by-line
MEL within the scope of the firs' mbod_r n , may  



under certain circumstances prove to be too wide relatively to 10 the
dimensions of the memory ce'-. The second embodiment  allows this
drawback to be overridden. The nano-sense amo i.fi nSh of Fig. 6
includes a writing  stage formed with a CMOS inverter formed with s :
channel  r -nsi stor Ti, the source of which is connected to the 15 potentia'
VI and an N channel transistor T2, the source of  which is connected to
the potenti.al.. V2. The input of the inverter connected to a node N!, which
node NI . indirectly con ec .red to the inpa.t terminal of the  nano-sense
amplifier (which is intended be connected to a  20 main 'nitline MEL). The
output of one inverter is connected to the output  terminal Of the
nano-sense amplifier (which is n't.enaed to be  connected to a local
o_t=-.,& LE-) The nano-sense amplifier nSA of Fig. fur' her includes a  25
reading stage comprising a transistor 13, the ;ate of which  connected no
the output of the inverter (and therefore also to  the local bit ine Ill) and the
drain of which is connected to  the input of the inverter (node N_). The
reading stage comprises an additional transistor TO,  30 complementary
to the sense transistor, the addicional  transistor T4 and the sense
transistor T3 formina a CMOS  inverter, the input of which is connected, to
the output of the  writing stage (and thus. C the local b"_tline LBh) and tha
output o- which connected to the input of the invar`er of 22  the writing
stage (and therefore to node Ni) The transistors  T4 and T3 are in series
between power supply potentials V4 and  V3. The writing Ti, T2 and
reading T3, T4 inverters are thus  cross coupled, which will allow the
nano-sense amp _fier to 5 perform the refreshing/resiorinq operations
alone. To finish, the nano-sense amplifier nSA of gig. 6 comm-ises  



a decoding stage formed by a transistor T'_~ (1V channel  transistor in the
illustrated example) the gate which is  controlled b a decoding signal
YDE3, the source of which is, 10 connected to main bill-ne MDL and the
drain of which is  connected to the node Ni. Within the scope of a
pr.e.ferred, embodiment, the nano-sense  amplifier nSA of Fig. 0 is made
on a se ,.conducto^-on- insulator substrate and each of the transistors T_
m0 has a 15 back control gate Vhgl-Vbg5 capable of being biased in order
modify the threshold voltage the corresponding  transistor. The different
writing, reading and retention operations are  described hereafter which
may be implemented by the nano-sense  20 amplifier of Fig. 5. Retention
it is sought to avoid any static current, and to prepare  the reading or ng
operation which will follow by r~_.;Ln e stL to the low s_ t_ GND.
discharging the. local _ 25 The power supply potent ial Vl in a low state,
while the  back control gate of the transistor T_ ; s in the high state,
threshold voltage of the transistor T then ;:increased. The ~. . is The
power supply potential Vi in a low state Mynically 0 V) , while the back
control gate the transistor is in  30 the high state. The threshold voltage of
the transistor T2 is  then. lowered. The power supply potential v3 in the a
gh state (VDD),  while the back control gate of the transistor T3 is in the
high state. The threshold voltage c transistor T3 is then 23  lowered. The
power supply potential Vt in the high state  (VDD) while the pack con. t. of
gate the transistor T4 is in  che high state. The threshold voltage of the
transistor TO is  



then increased. 5 This allows the node N to led no the 'high state, and to
lead the -sea! bitlinrt IB:, to the Low state. No decoding signal YDCC
applied to the gate of the  transistor To (c.he decoder is not active during
a retention  operation), and the t ran_si.-, t __ TB is -,iocsea. 10 Reading
(froc t,h retC-_"_ ion) The initial conditions are, the following.  The local
bitline br is in. the -ow state. The power supply potent av VI is in a tow t
state, while the  back control gate cf the transistor T1 is in the high state.
25 The threshold voltage of the transistor TI is then increased,  the
trars.:sto. Ti then being blocked. The power supply potential V2 is in the hi
gh state, while  the back co trol gate of the transistor TO is in the low
state. The threshold voltage of the resistor is then  20 increased, the '1
rans-S-t ox, T2 then being oJ5ocke,.J. The power supply potential 3 is in
the low stave (Q V)  while the back control gate of the transistor T3 is in
the  high. state. The threshold voltage the transistor T3 is then  lowered,
while the transistor. .' is blocked. The power supply 25 potential `v is at
VDD/2 or more, while the back conzrol gate  of the trans to. -4 is in the low
state. The threshold  voltage of the transistor 4 is then reduced. The result
is  that the node NI is led to VDD/2 or more. The transistor Tb is, as for it,
always blocked insets,  30 that no decoder is yet active. Reading
continues in the following way following the  openino of the word line
which will sele( the cell. In the case when the datum to be read is a "0", he
local.  bitline Jn1 remains in the low stare. In this case indeed, the 22
local bitline LBL, as well as the cell, are in the low state  



(GND) so that when the transfer of charges from one to the  other is
a!lowed, nothing occurs since the balance already  exists. .. The power
supply poLeniial V! is in the low state, while  the back control . gate of the
transistor TI is in the high  state. The threshold voltage the transistor Ti. is
then  increased, the transistor _ then being b.i.ocked. The powe-- supply
potential. V2 is in the high state, while the each 10 control gate the
translate- T2 is in the low state. The  threshold voltage of the transistor _.
then increased, nbe  transistor T2 then being blocked. The power supply
;poter _a.I. V3 is in the low state (0 7)  while the back control gate of the
transistor 23 in in the  15 high. state. The threshold voltage c the transistor
T; is then lowered, while the transistor T3 is blocked since its gale
connected to the local ]bit in s LIP is at 0 V. The power supply potential V4
is increased up VLL, while  the been control gate of the transister TI is in
the low  20 state. The threshold voltage of transistor TA is then  increased.
The result is tha7 the node N' s led to V DI., Next, VI is increased, while
the back control gate of the  transistor __ is brought to the low state. T._
onreshold  voltage of .!e transistor T7. is lowered; T" being bcocke 25
insofar ;.hat its. gate connected to the node NI which is at  VDL. The
transistor T2, the gate of which also conneci:ed to  the node Nl at VDP, as
for it is onduczing. The _ocal_  bi tli ne LBL is then led to 0 V so that the
datum may be  refreshed. 30 The transistor T5 is, for it., blocked insofar
that no  decoder is yet active. The transistor T5 is then made  conducting
when the potential- of the node N,_ is stable arc VDI. in the case where
the datum to be read is _ "i", the Ioc:ai.  b Cline LBL chilly in the low state.
In this case 



25  indeed, upon opening the word line, the balance is not  attained.
Charges will then circulate between the cell and the  local hitline LBL so
as equalize the voltages. The fine- voltage corresponds a ra__.o beuween
the capacitances of the  ... . 5 bCc~1 r_,~111"R T.nL and O the .,, l_ (i"1e
to iq'.Y- t.'i,: lo ca-_ _airline LBL, the weaker will be the signal) This
voltage wrl- be read be the nano-sense amriiifier r.S . The power supply
potential VI is in the low state, while  the back control gaze of the
transistor _-. is in the high  10 state. The threshold vol age o the
r-ransistor Tl is then increased, the transistor 11 then being blocked. The
power  supply potential V is in the high state, while th.e back  control to of
the transistor T2 is in the low stake. The  _i. esho-d. voltage of transistor
i2 is then increased, the  15 transistor T2 then being blocked. The power
supply Potential V is is. the Low state (0 Q,  while the back control gate of
the transistor T2 is in the  high state.  ne threshold voltage of the transistor
TI is then,  lowered, while the tl al`l ;,ia. zOr- -3 is COS': ~'--u.. t.ing since
its IXca. i_e, 20 connected to the local bill ne LEL, has a greater
pote_ntla_  than: the threshold voltage I. The power supply potent l V`f is
increased , while'  the back ton. Loa gate of the ansisto is is the. loww
state. The ;1; 2ShJ lU. C'O- dg ' of the ? n.::r 5. O]: A .... then  25
increased. The r_su_. is that the node N'_ is Ieu. so 0 V. Next, - is
increased, while Vbg'_ brought to the low  state. The t.hreshol. voltage of
the _.-an -stor Ti is .ower'ed.;  TI being conducting ; insofar that its gave is
connected to the  node N which is a_. 0 V. The .transistor T2, the gate of
which. 30 is also connected to the node. NI at 0 V, is, as for _"  blocked.
__.e local _tl_ne hBL is then led in l'T _ so that the  



datum may to ,ref_eshed. The transistor TT is, as for it, blocked insofar
tha: no  decoder is Vet. ac ive. The iransiszor if is then made 26
conauctinq when the rotentiai_ of the node N: is .'-able at C T..  The signal
Present on the Ni node then transferred onto the  main ',ir_'_ine MEL. "Wr
ate writiro (from rn_ti 1. conditions)  5 The maim w, i_ne Mr{L- J..s in the
ion rate. The trans stor' Ti is conducting, by naing the node. N1 to  the
high stale. It will be note' that the ans stor _'S may however have
substrate effect and not )Pass the whole ._ the siana_ on Ni.  10 This
however is not very mrD r1-a.n i.)sof,. that the 4 transistors -Tz will amp
and restore the signal to  .lean' J_-_c levels. V4 is h.rou 7ht from. VDD/;'.
or more the Low state. The  transistor T,' then blocked. 15 V1. __s hroun:;t
frorrm the loo: ,t:a_.e to VDD w ' l.e Vbg'_ i...  brought from the h state to
the Tow state. The threshold  voltage of T" is low: Ti is b.o':ked (T,.t gate
in the hic1,  state) . Trans 72 is conducting, while dr..> 3.stor T is  blocked
which allow: the cal b -lire LBL, to be brought to  20 0 ` V. Neat, Vn __,
brought from. the low state to VDD. The  .fo...Y'niution is i' ow s .able _.. ..
e amP_ i fier formed by the  transistors ..~-T :ond?tions)  25 The main
hotline MBL is the. in state. Th transistor is conducting, leadinc the node
NL to the  low state. V9 _s brought from VDD/2 or more the .ow state.
The.  transistor Tc then. blocked. 



30 Vl brought from the lot; state to VDD, while Vbg1 is  brought to the low
state. The threshold voltage o low:  T' is conducting wl.'ch _ 'ows, the log a
l b_tl.i.ne LSD to be  brough' to VII). 2  The transistor T2 is blocked, while
the transistor T3 is conducting. 76 Next, V4 is brought from the low state
to VDV. _ is then blocked.  5 Various physical considerations are
presented . hereafter as  regards the nano-sense amplifier of Fig 5 As
shown earlier, the local bitline LBL is ore-charged to  GN'J while the. main
bit' LBL is pre-charged ic VDb for to  the same level as V4 during a
reading operation). 10 The transistors -l and T2 are sm. . as Possible,
their  performances may be increases by virtue of thewr back senors'
gate, and this both when they are conducting and when they are  blocked.
The trans ,=or should drive the node NI and then the.  15 _ .. main bitline
MBL during a reading ope-ation; T" is as small as  possible in order to
minimize the charge of i` 'rant gate on  the local _t one NEIL and its
performances n.av be increased by  its back control gaze for rapidly
conducting N.'I.. ano MBt. With the transistor T4, in. is possible to secure
the  20 refreshing operations and to override the body effect of the
transistor T5. it is selected tc be as small as possible. The transistor T5
should approximately have the same size  as the .trans ,'.:or -3, if
necessary with the same choices as  regards the back control gate. The
transistor _S is not 22 critizal per se but requires about 3 to 125 buses in
order to  he able to operate as a decoder. Eventually, the nano-sense a
pldfler' of ig. is wider  



than that of Fig. 2, essentially because of tine decoding bus  YDEC . This
bus may however be shared between two adjacent  30 matrices _- these
mazrices store different data hits. The nano-sense amplifier of Fig. 6
however does not. require  any main sense amplifier, by which the
increase in size may be  ape's ted, as far as the YDEC bus has t
reasonable size. 28  With it, it is further _. c,. 5rrrle to override the
limitations due possible congestion of the Metal3 in the case of the  firsi
embodiment, insofar that the main. biz ire is decoded.  has to be noted
that that the nano-se se amo _fier dccorc.n; to the first emasaim,ei.
presented figure 2 is  based a "half latch structure, while the nano-sense
amplifier according to the. second embodiment presented on  figure E is
constructed on the .i:.'_. laich" structure. The  proposed schematics are
the preferred schematics but is 10 clear that these st ructures can be built
on o -her schematics  comprisinq more transistors either in the latching
mar: or in  the decode- prec:arged parts. The performance of the
nano-sense amplifiers (both  embodiments!) is obtained through the use
of a back gate on  15 SeOI. However, it .is clear ricer the rincip can be
also applied on any type of double-gave transistors iavinr, second  gate
such as the multi-gate finFets for tance, has furthermore to so note 7. that
the simu lir_ ation of  the schematic-, through the reduction in number
devices and  23 in their reduced sizes, makes the application the nano
sense amplifier according to the invention very attractive to  other (e.g.
matrix array like) circuits than memories such as  imagers or analogue
converters for nstanc.e.. In another  application, the nano-sense amp-_
,a_... be used a bus  25 regenerator, As indicated earlier, the nano-sense
amplifier provides its  



own reference (threshold voltage of r.ans tot T3) and  therefore it does not
need the presence of a second mamriE to  serve as 11 reference like on a
conventional architecture 30 eseanted on figure 7 (indeed, conventional
systems need a  reference Matrix for compensation unknown offset values
that are due to irregularities in the fabrication process). it addition, as in .
will discussed in furt.he details below,  since the nano-sense amplifier is
very compact, can be  35 arranged in a periodicity meeting the minimum
pitch of memory 29  array:; that can be at...ained with s-ate c the
techniques. The addi-tonal area be--..ween adjacent memo: arrays  can
further be used for circuits, con - o_tc: or non- pit:ched c_. c;a_s. _"he
nano,-Sense amplifier hay: ng a ,.7._eC. w dti'., there r?:"i need reso ..
.:inq tc a stagy'.king .. e hnique-, a SC ca' ea "staggering" echn ue, for
several conventional sense  amps, fa e. circuits behind each c her in
otcrer t_ address  several adjacent columns memory cells while taking into
i a'000 '?S t, be -Cr_ difference in hie-:weer the. sense amplifier  and the
cells) sown on the example o f figure -Pal ra. her -h an making  use of a
single bank of 128 staggered conventional sense  =m-vii? er, (fir %) , 1-4-
is possible to maxis U Se oi.:. two banks 15 of 64- nano-sense amplifiers
(here the nano-terse amp iiers  are said to JG effectively "on-pit-j-', that
they may he as large as 2 Mmes the pis o- the ce, l.s; may be  po sib! tc
Pro-7i ;;.e prrfe..':.1}' o p' `ch" n_r ,,: sense  amrp_ifiers, as large as the
cells) 20 fur-he becomes pos ible to locally decode these nano- sense
amplifiers ny uiac-na rho: '_ou-c or the c. umn ae.oder on  the "free" edge
= bank of nano sense a_npbank it  is represented on. ig.ta and Fi 8b.. i'o.
_ ance, the  



architecture the conven ,Omar- circuit in.-. :ally required 25 128 busses to
decoo-e euc_. sense amplifier with r, the h ,]r like  or Fig, then the new
organ' zation cf he-: ran o-s or se- ampl.iand its decoder requires only 6:
busses (8 mhos',.  " bests - M._T - and c a ca ;?: significant. bi_s LSb;
fulfil the same functionality 30 This feature is particularly advantageous as
the nano-sense  amyl Mier occupies significantly less area _h an '::he  E r)
e re IF Ore reeds C"'.l.i few  conventional sense amplifier and metal
busses over its area to decode. he: bank. Most of the  Column. decode`
Cir U_':: can bee in:;eIXrat'd in,L.. the or:-pitch  area and no longer need
to be in tinc periphery of the memory,  i.e, becomes an on-hitch circuit and
thus becomes r'--self very  small n. area and has a m air!. lower power
cornsumptio ana a  higher speed. 3 0 The integration of other circuit
blocks into the on-pitch  area, next to nano-.sense amplifier banks can be
extended for  instance the address buffers themselves as shown on
Fig.9a  and 9b. The address buffers can be distributed under the  column
decoder and the requirement for_ busses dec'-eases co :,wo 3 addresses
in he given example. This second groans of _ ~_ row of function may be
not "on pitch" as the number of circuits does  not correspond to the array
pitch. Other fur ona Dies can also toe placed in a similar  10 manner next
c the nano-sense am _e s banks, such as, for  example voltage
genera'tors, pumps, anaiog functions, or  redundancy control. There is
virtually no constraint and the  absence h .ine refe once in the nano-sense
ampl'..--ter  provides fiexibilit, to op imize all the peripheral functions  15 of
the C_rcui.. 



it has been shown that placing the column decoder next to  the
nano-sense amp' fie.eer hank decreases the amount of busses  needed:
by a factor Furthermore, the remaining busses are  shorter as they.; are
integrated __ the on-nizoh area. The 20 immediate consequence of a
local decoding approach a wain  in area as the number bus drivers
(buffers) may be reduced  thanks to the proximity, and they are smaller .
as well as less  loaded. The power consumption is also reduced for' the
same  reasons. Sneed can. be increased an no extra cost because of  25
less parasitic-s. Placing other circuits can be also beneficiary for the
circuit. For instance, having rule oppo unity to pacee the  different voltage
generators next to their load (Vpia.'' e, 7Blr,  etc...) reduces or cancels
most of the sources of disturbances  30 (ohmic losses, capacitive
couplings) for functions. in clear that the organization shown in figures
3a-Ora  and 9a-9b are examples, and the person skilled in the art  would
contemplate ti other block organizations are nro ihie.  In particular the
sense amplifiers could be organized on only 3i  one side of the array, or
two blocks ca be dispose, o^: either  side of th..e array to address _:ne
odd and even, bitlines,  respectively. 32  CLAIMS A sense amiolit_e_ (n:
p) of a series of cells (Ti, )  of a memory, including: - a writing stage
comprising' a CMOS inverter the input of which is direct-y or indirec
connected to  an input terminal. of the sense amplifier, and output  0 o'
which is connected to an output se=minal of_ the sense am. -fie r intended
Lc be connected to local ol'_~ no  (PS addressing' the cells of said _;e
_r.es, 



a reading stage combrising a sense transistor (T2)r  the gate of which is
connected. to --'Leff output of the  ,ems tee: and the drab r wt _s connec d
t,. -neut.  of the inverter. 2. The sense amnli*=ier according to claim 1,
jih.erein the  nput: o v.Ine w _inc; stage _re ct ', copnest .d to the  20 nuur
Le m-na- of the inverter, said nput terminal, neino .i tended t.. be
connected a main bitrine (PS ) which  w , ess a ni-t g'1 `y of sense amp !
_tiers ~_ roarallel .  3, The sense amp _ier acccricro to claim ', woerein
the  reading stagy comprises an additional ransistcr (T4)  omplementary-
t.o tne sense ans .>T-or, the a-dd rionai nsi_> or and. the s transistor
forming CMS  =v-rte:, the input o which. is connected to the output  o" the
reading stage and the outpu whh is connected  3C' -co the inpu o: the
inverter of the writin stage. 3S  4. The sense amplifier according to claim
3, wherein the  input o~ the m iting sage is indirectly connecte to the erm,
nay o Inv e ter c c- _ I,a stage  mp- s,n- transistor: (T5), the drain of
mric.._ 5 connected to the input. term..na''_ o the sense am =.fier- and the
source of which is nnecied to the- _np-lt of the,  wr-itin.g a stC e  '.  5. The
sense ampli`_e_ according to any o- the preceding c_' _aims, wherein:
one or more of the transistors are  multigate transistors-. 6 rh.e sense
amp;_ ier according to the preceding claim,  characterized __ that made
or a semiconductor-on- su'_ator substrate comprising a ti- -r layer o_
s_mr'conu ' al sep a atea from a 



. . t, -se ubstrate  actin~ mater by an insulating layer, and. in th each o` the
transistors has a back control gate forme. ill .he base  substrate below the
'cannel and. cap x111. c'. of be i q biased  20 in order to modulate the tare
no C. ,70 -age o tile.  transistor. 7. F method fc con"- -rolling .. sense amp
ifie, cording  to -'aim 5,, wherein the biasing of one of the gates of  2 the
transistors is modified d-_ing operations for  v t-ng, reading and data in
the cell-. of said  series. 8. A method for controlling a sense amp tier
according  30 claim u, wn "rein the bias no the back control gates Sv
modified durino operations for ruing, reading and  re' _--ing data in the
e1__, - said series. 9. The method eccordino to claim 8, wherein during a
read: an Op: r"r_tion, ":.he thresb.o id, volt ge the  transistors of the writing
.:rage is increase d and ..he  threshold. voltage of the transistor(s) the
reading  _tag-- is reduo ems- by contrr_J in!',' the hiasinc r-qe back
contr0- gates thereof. iC, 10.-he: method according to claim 8, .n during a
writing operation., tine thireshoid. voltage of the  transistors o the writing
sage is reduced and the  threshold =voltage ci the transistor(s) o the
reFd-ng  _5. stage is increased bl controlling the biasing of --r e beck  



confirol gates thereof. 11. 1'he met hhod according to claim 8, wherein...
turinq a  retention opera iron, the Iona bit in a.s_harged .._- 20 one of the
tran sistors of the writ n ,rage, for which he biasing o. trr.e back control (jar
-e 1s control led so as  to 1.0 wer its threshold voltage. 12. 1, main sense
amplifier (MSA) intended be c onnect.ed.  2t) /ie a. ma In bt11ne (MEL) to
a plum] ty of sense  am ie.rs a cordi_na en ' inns 1 t0 6, aracterized. in i;
het; comlrises e a_ep for amplifying  the signal (T6-Tl0) delivered by e cell
d reading  operation, and a swit^nable high impedance inverter stage 2
(nL '.) for sending back. th.e am -fi.ed signal ant':: hie main.  ,pine etlow
Lnq thee reading operettion. 13. A sense amplifier (nSA) including: - a
writing stage comprising a '0GS inverter (m--i2)  the input of which is
directly of indirectly  connected to  an. input terminal of he sense arm-
__ier, and the cutout ,r_r connected r-c an output terminal ,.he sense  am'
_fie" Intended to be con- ct.ed. to a local _'i_Inc, - a reading stage
comprising a sense transistor (13)  the oat e o wn.ch is connected to z--
output of the  inverter and the grain of which is connecteo to the input  10
Of the_ inverter; and, wherein. one or more transistors of the wr__:ne
stage  ant of -.he reading stage are independent. double gate  transistors
5 14.g matrix array o ce]a connected to local tines  and to wo dlines,
characterized in that. _ includes sense  amCaccording to any : claims I ,
or to Claim 20 1 5 . A ma' r ix array of -ells accordin claim "_ 4 wherein
the sense amplifiers are made on a s..m_conduc'o_.--nn- insuiator
substrate. 



16. A matrix array of ils ac cordini to ain!. =5, wherein  25 `_he sense
amplifiers) are arranged i- cne or more sense  amplifier banks and further
comprising a column decoder  placed next to each bank and configured
drive said  ba.n!k directly. 366  17. A matrix array of cells according to
claim 16, further  comprising circuit placed next the sense  amplifier tank;
or the column decoder. 5 18.1 . memory including e matrix array of cells
according  to any one of claims 14 to 17. 19.A matrix array of cells
comprising sense amplifiers  and. column decoders, wherein the sense
amplifiers are  10 arranged in non-staggered fashion in one or more sense
amplifier banks and wherein a column decode- is placed  next each bank
and configured to drive said bank  directiv. 15 


