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cells (32 typically) but consisting of very 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-on-insulator
substrate (S0I). The different micro-sense amplifiers are, as for
them, formed either on a bulk substrate or a SOI substrate.

Each micro-sense amplifier has two input terminals connected to
two main bitlines RBL (Read Bitline) and WBL (Write BRBitline) 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-zense amplifier.

Resorting to two main bitlines proves to be a problem in that the
architecture proposed by this article cannot be transposed for
producing standalone memories and thus remains limited to the
production of embedded memories.

Further, each micro-sengse amplifier can only address a reduced
number of memory cells (16 to 32 typically) so that a relatively large
number of micro-sense amplifiers (from 64k to 128k for a 2 Mbit
memory) has to be resorted to. In spite of the relatively reduced size
of the micro-amplifier (only 3 transistors), the drawback mentioned
earlier of significant surface consumption for the sense amplification
function, to the detriment of the memory function, therefore partly

remaings.

SHORT DESCRIPTION OF THE INVENTION

Embodiments of the invention seek to propose a technique which may
allow the drawbacks of the architectural hierarchy proposed in the
aforementioned article to be overridden.

According to an aspect, there is provided a sense amplifier of a
series of cells of a rewritable memory, including:
- a Wwriting 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 to a
local bitline addressing the cells of said series;

- a reading stage comprising a sense transistor, the gate of which is
connected to the output of the inverter and the drain of which is
connected to the input of the inverter;

wherein each of the transistors has a back control gate formed in the
base substrate below the channel and capable of being biased in order
to modulate the threshold voltage of the transistor.

According to another aspect, there is provided a sense amplifier
of a series of cells of a memory, including: a writing stage
comprising a CMOS inverter, the input of which is directly or
indirectly connected to an input terminal of the sengse amplifier, and
the output of which is connected to an output terminal of the sense
anmplifier intended to be connected to a local bitline addressing the
cells of said series, and a reading stage comprising a sense
transistor, the gate of which is connected to the output of the
inverter and the drain of which 1is connected to the input of the
inverter, wherein the reading stage comprises an additional
transistor complementary to the sense transistor, the additional
transistor and the sense transistor forming a CMOS inverter, the input
of which i1s connected to the output of the reading stage and the
output of which ig connected to the input of the inverter of the
writing stage.

According to a first embodiment, 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 which
will address a plurality of sense amplifiers in parallel.

According to a second embodiment, the reading stage comprises an
additional transistor, complementary 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 of which i1s connected to the input of the

inverter of the writing stage.
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In this second embodiment, the input of the writing stage may be
indirectly connected to the input terminal of the inverter wvia a
decoding stage comprising a transistor, the drain of which is
connected to the input terminal of the sense amplifier and the source
of which is connected to the input of the writing stage.

One or more transistors of the sense amplifier are multigate
transistors. The biasing of one of the gates of the multigate
transistors can be modified during operations for writing, reading and
retaining data in the cells of said series.

The sense amplifier according to the example embodiments is
preferentially made on a semiconductor-oninsulator substrate
comprising a thin layer of semiconducting wmaterial separated from a
base substrate by an insulating layer, and each of the transistors has

a back control gate



formed in the base substrate below the channel and capable of
being biased for modulating the threshold voltage of the
transistor.

There is also disclosed a wmethod for contrelling a sense
amplifier as described herein, 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.

During a reading operation, the threshold 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.

During a writing operation, the threshold wvoltage of the
transistors of the writing stage may be decreased and the
threshold voltage of the transistor(s) of the reading stage
may be increased by controlling the bias of their back control
gates.

During a retention operation, the Jlocal bitline may be
discharged via one of the transistors of the writing stage, for
which the bias of the back control gate is controlled so as to
lower its threshold voltage.

There is also disclosed a matrix array of cells connected
to local bitlines and to word lines, characterized in that it
includes sense amplifiers as describe herein.

In the matrix array of cells, the sense amplifiers can be
arranged in one or wmore sense amplifier banks and the matrix
array can further comprise a column decoder placed next to each
bank and configured to drive said bank directly. Further logic
circults can be placed next to the sense amplifier banks or the

column decoder.



There is also disclosed a memory including a matrix array
of cells.

The memory cells and the sense amplifiers of the memory are
preferentially made on a semiconductor-on-insulator substrate.

According to still another aspect, the invention provides a
main sense amplifier (MSA) intended to be connected via a main
bitline to a plurality of sense amplifiers of a series of cells
of a mwemory, 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 to a local bitline addressing the cells
of said serieg, and a reading stage comprising a sense
transistor, the gate of which is connected to the output of the
inverter and the drain of which is connected to the input of the
inverter, the MSA comprising means for amplifying the signal
delivered by a cell during a reading operation, and a switchable
high impedance inverter stage for sending back the amplified
gsignal onto the main bitline following the reading operation.

According to a further aspect, the invention provides a
sense amplifier 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
to a local line,
- a reading stage comprising a sense transistor, the gate of
which is connected to the output of the inverter and the drain

of which is connected to the input of the inverter;
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wherein one or more transistors of the writing stage and of the
reading stage are independent double gate transistors; wherein
each of the transistors has a back control gate formed in the
base substrate below the channel and capable of being biased in
order to modulate the threshold voltage of the transistor.
There is also disclosed a matrix array of cells comprising
sense amplifiers and column decoders, wherein the sense
amplifiers are arranged in a nonstaggered 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
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reference to the appended drawings wherein:

4 = 400 e 3 q e - 3 < -~ N o
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The invention acceording to a first aspect relates to a
sense amplifier (called a nano-ssnse ampliifier) of 2 series of

cells of a memory.

the invention is illustrated in Fig. 1 and according to which

a nano-sense amplifier nSA covers a series cf memcry cells via

bitline MBI covers

The main sense

ine, & so-called
circulats in the memory cells.

It will be understood from the description which follows of
the Ffirst e=smbhodiment of ths invention that & nano-sense

amplifier nB8a provides the readin

«Q
i)
8]
o

writing Zfunctions,
wnhile the refreshing function iz achieved by the main sense

amplifier MSA which forms the interface between the nano-sense

It will be noted from now on that the nanc-sense amplifier

cutput terminal 5 connected to the local kitline IBL via the

3 - - < Ee o -
input terminal E.
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its input, and the orcer of the operations of transistors Ti
and T2 is inverted relatively tc¢ the Write 0 operation,

{preferably below VDD/Z, for example around 100-200 mV in
zbsolute value). The transistor T2 is blocked insofar thabt it

receives a high state on its front control gate and the powsr

" £
supply porential of transistor TZ is maintained at OGND, so
that other nano-sense amplifiers irn parallel (i.e. sharing the

same power supply poiential) may perform writing of a “C7 at
the same fime.

A low state ls applised to the back control gate of the P

channel transistor T1 (Vbgl i1s for example at GNDY, s¢ that 1t
hes a low thresheld wvoltage (oreferagbly below VDD/Z, for

A low state is applied to The bhack control gate
channel transistor T3 of the reading stage (Vbg3 1is fo

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



As the local bkitline LBL is in the high state because of
the action of the transgistor %1 of the writing inverter

transistor T3 is zonducting, Dbut does not corrupt the Y07

[S)]

1C

It is scught to avoid any static current, and thereby block

the three transistors by ideally minimizing lsazkages.

o
[Sh]
o
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In
1]
h
3]
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D
3
¢t
'..:
W
t__1

empodiment, the retention operation is

repaxing the reading or writing operaticn which

state GND which is & prio
The inverter has a voltage of VDD/Z {poten
26 woltage) on its input.

A high vcltage is applisd to the back control gate of the P

channel transistor T1 (Vbgl is for example in the high state

o~ v £ - - P < % X T A o - - "
25 sufficient, it 1s alsc pessible To reduce the power supply
. - ] o ™ ~ S - ™m s PR - o e e
potentiaz VDD o the transistor T2 during this retention

gate of the N channel transistor TI (Vkhg2 iz for example in
30 the high state VDD) s0 as to lower its threshold voltags (To
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The performance <¢f the nane-sense amplifiers {both
embodiments) is obtained through the uss of & back gate on
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20 in their reduced sizes, makes the application of ithe nanc-
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imagers or analogue converters for instance. In  another

appiication, the nanc-sense amplifier can be ussd as & bus

25  regeneratoxr.
s indicated earliser, the nanc-sense ampiifier provides its

OwWn referencs {(threashold voltage of transistor T3) and

[SS]
Fon]

(€9
n

arranged in a periodicity meeting the minimum pitch of memory



[ ) H vy 0 @© I p
S A= 2% & a0 b o I
- 15 Q - M ¢ i [T B o - N
4 8 2 BRI < E 2B RS g L2 oL g wom ©ow B O E s
@ o IR B~ B &g @ & £ 908 u 2 88 R e A
PRI B O o o - L @ @ 9 s oo i - - 2 ISR SR RS D B SO 7!
4o G h G w9 Moo 9w A ! O B O Uy
o Cw 2V G oeg  F Hea ¢ SgYwg 7 o - B
y 1 " D . ] M B . et : y 3, -
e = v PRIe = W O e i o g O w0 0 Low ! R T B
[ R e B ot = 0, T B o L 7 A o o oo =t o +
HoQ e o o O oo on B¢ o omobe s oG oa 7 & @ o S5 E
A g5 ~ g 8w a g A T =T o v 9 g 5 Q a @ s 88 ° w B
- T £ Y g ( 1 <5 3 . -t + S : ¢
oo o P & L 20 Yoo & Do 508 o B " - R
b B -r o g 9 o 8 aoa 9 E n 8w ¥ % own G o - £
§ o 2 s 0 o oo v e 5o 2o SRR B v e oo @ wow 5
5o a ¥ P o £ 0p a8 it 5~ g4 @ o B o ¢ o o 7
v OO g 28 8 4 I << o9 w85 A oo w on o8 %9 £ o
P oW IR - e 3 Lom g © .« g og O ® @ S SRR s B
Do . uod oo £ M0 g Yo ko) — 5 v oo d 2 5 o 8
o oa = 5 R e Hop @ @ W " IR R @ o Q @ o
. G g8 5 - . 185 o e - o3 .
oo oA IR g @ Yog &g AR E I R L 3y 0 e g B “
oo Mooy a @ g T oW I VI Al § o o g e @
s @ O G B SRS S @ O W o s H o , 2w o 1 ot oow P oo M3 3
OO 4 o 4 w7 & I N e v 9 @ n 0 o M 0 © i ] W ow oo 0
W - R = R Moo (TR o o Mou 13 Mx o 8 B o
OO P T R o S S o . ~ O w vl a9 Iy o £ 85 b
woQ D oaog 0 40 (SA o ™ 9@ O o N 8 iy R ST S e B
& Eod oo 0 A m o + S g B o b o @ > RS B R
o c Tou g8 B i e B D 298 0 0w B OoH U G oY ooz
o = ) o o 5 @ Da oy O (LG g o © @ i &
(&) 3+ w o . ¢ 4 vy O n Pt I s a4 L0 a
U A v g P A R N o = g oo . o5 © G e
A Sopos 6 N O & w o % e g £y 8 B moeow O a0
ER I w0 W @ 59 O VIR s S . O 4 0 g o~y O o @ I~
g © i 44 4 N £ s oo ow o5 8w 3o f Y f P v b I
3 o 5 U o 0 o 4 [S I Yy oo B i Mo @ 0 0
@ - (s} & e w B D 4 v oy 95 O fal ..mw I ¢ NG I T
2 @ o Wi Sow Mm N :m w4 e_ A m “ m, I T B = A m_ .m mm m .m_ E
a4 g m._‘k_ -+ ~ - o & S L : 1o TR T R Loaoa S 1 ¢ d O O
s Gt + ] wt oL s [OR LR SR & P
§ o oo 88 g oW VR TR o a0y § o 5O e I I o ©
R m, R a S wo= B - @ n S0 9 g 0 Hogsomon, )
T A B RE g JOE - T L S o ® & mo O g 5, b
I © ~ O i =S ¢ B G 0 t a8 om0 @ oy @89
oW o ot a o~ B oga &2 2 o A A L S S T A L
;oA 3 P — g G oo = = @ @ TSR o 4 A
v 9 3 ®» o W.u. nw N £ . o N Iy &G Al W VR ST = S T
HERER Lo + = " wWoom oo g M o4 W0 m O W b ]
i ;e g, D @ © W o, VI o = -~ 0 bog i . PR el
PR B oo PR A w @ S [s] O g M ¢ ot mv_ 4 o ¢
§&an a0 O g -5 2Fd b T - A I 28 B S
SR 51w oo s I - PR < = B oo S S oo "
o D O O ¢ 1 wo o d e o Wy 4 a9 —_— 300 Y5 o
w,mamrﬂm,_gc“m,mn“m Lo Y &ioe 8o B g wno T, o
~ s - 9 fa} A ¢ 5 o A3 et SR = A i — w
S0 5 oo s i - - ! P e N < B SRR I s © 9 o g H
BoH gy ¢ PHE I C B PO B o T Mw 0w o 8 e £ % o 5o E
o A o & o o R e N . .m S a o2 - 6 6 A o o 38 9 g 8 o
. A 4 . : ¢ - ¥l
B ST U I~ § 5 a0 H g oA e H ST B s B < A £ oo o
g D oo o a @ O ) —~ I I B B P00 moa I S o a0
oo 1 5 O T v o0 0 H oG T T B T e O T = -
HO® w4 5 [ I ST B oUW . ,. P == - B
4 oo o o TR o £ wu ou O o O 0 o Q. B I = B T
4 [N oo L 5o 0 © g o g PSR S VRPN m. l_ - Qo 5 op -4 0w
- A ot @ b S B R Bt BE 5 294 L E
@ U OE U o A4 @
(o) o .
., o 2 1 -
2 93

-t
—
[ 3 o 0
¢

higher spe



@

Y]

ot

o

he numbe

T

remsn

LA i o

eq} o

W

3

tl-‘e

and

1

ctior

onalities

NncTi

Uy

or
or

=

unciions,

£

nerators,

=2
=

.

redundancy

UNCTLIONS

-~
o

-
i}
§
al

provides

O 5
busses are

i)

b

,

;]
H

5w
o &

i

amount
Ma il

3
=

hal=2]
-~

+

Ry
CILE

drivers

>
T

K

bani
= bus

=

C

amplifier
numbexr

nano-senge

=
=

th

'

immediat

20

i}

-

consumptlo:

he power

m
I

QATra

no

be

can

Spesd

reasons.,

i)
o

.
-

bl oAb

C

ko]

a
Bl
-t
B!

73

£

[45]
L1

e

whe

and

s,

mpl

eXxza

mp ]

ont

~
~

d.

WOkl



[82]

one side of the array,

(k4

WO

{2
‘._I

Ihlocks can be disposad

gide of -the array to address the odd and saven



32

CLAIMS

1. A sense amplifier of a series of cells of a memory, including:

a wrifing 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 infended to be connected to a local bitline addressing the
cells of said series, and

a reading stage comprising a sense transistor, the gate of which is connected to the
output of the inverter and the drain of which is connected to the input of the inverter;

wherein each of the fransistors has a back control gafe formed in the base substrate
below the channel and capable of being biased in order fo modulate the threshold voltage of the
transistor.

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 fo be
connected to a main bitline which will address a plurality of sense amplifiers in paraliel.

3. The sense ampiifier according to claim 1, which is made on a semiconductor-on-insulator
substrate comprising a thin layer of semiconducting material separated from a base substrate
by an insulating layer.

4. A matrix array of cells comprising sense amplifiers according to claim 1 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.

5. The sense ampilifier according to claim 1, wherein one or more of the transistors are muitigate
transistors.

8. A sense amplifier of a series of cells of a memory, including:

a writing stage comprising a CMQOS 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 fo an
output terminal of the sense amplifier intended to be connected o a local billine addressing the
cells of said series, and
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a reading stage comprising a sense transistor, the gate of which is connected ¢ the
output of the inverter and the drain of which is connected to the input of the inverter,

wherein the reading stage comprises an additional transistor complementary to the
sense transistor, the additiona! transistor and the sense fransistor forming a CMOS inveder, the
input of which is connected to the ouiput of the reading stage and the output of which is
connected to the input of the inverter of the writing stage.

7. The sense amplifier according to claim 8, wherein the input of the writing stage is indirectly
connected (o the input terminal of the inverter via a decoding stage comprising a transistor, the
drain of which is connected to the input terminal of the sense amplifier and the source of which
is connected to the input of the writing stage.

8. The sense amplifier according fo claim 6, wherein one or more of the transistors are multigate
transistors.

9. A matrix array of cells comprising sense amplifiers according fo claim 6 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.

10. A main sense (MSA) amplifier intended to be connected via a main bitline to a plurality of
sense amplifiers of a series of cells of a memory, including a writing stage comprising a CMOS
inverter, the input of which is directly or indirectly connected 10 an input terminal of the sense
amplifier, and the output of which is connected to an output terminal of the sense ampilifier
intended to be connacted to a local bitline addressing the cells of said series, and a reading
stage comprising a sense transistor, the gate of which is connected to the output of the inverter
and the drain of which is connected 1o the input of the inverter, the MSA comprising means for
amplifying the signal delivered by a cell during a reading operation, and a switchabie high
impedance inverter stage for sending back the amplified signal onto the main bitline following
the reading operation.

11. A sense amplifier 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 1o a local line, and
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a reading stage comprising 2 sense {ransisiof, the gate of which is connected to the
output of the inverter and the drain of which is connected to the input of the inverter;

wherein one or more transistors of the writing stage and of the reading stage are
independent double gate transistors;

wherein each of the transistors has a back control gate formed in the base substrate
below the channel and capable of being biased in order to modulate the threshold voltage of the
transistor.

12. A matrix array of cells connected to local bitlines and to wordlines, comprising a sense
amplifier according to claim 1 or 11.

13. A matrix array of celis according to claim 12, wherein the sense amplifiers are made on a
semiconductor-on-insulator substrate.

14. A malrix array of celis according to claim 13, wherein the sense ampiifiers are arranged in
one or more sense amplifier banks and further comprising a column decoder placed next to
each bank and configured to drive said bank directly.

18, A matrix array of cells according to claim 14, further comprising logic circuits placed next fo
the sense amplifier banks or the column decoder.

16. A memory including a matrix array of cells according to claim 12,

17. A method for controlling a sense amplifier according to claim 8, which comprises modifying
the biasing of one of the gates of the transistors during operations for writing, reading or
retaining of data in the cells of the series.

18. A method for controlling a sense ampilifier according to claim 3, which comprises modifying
the biasing of the back conirol gates during operations for writing, reading and retaining data in
the celis of the series.

18. The method according to claim 18, wherein the biasing of the back control gates is
controlied during a reading operation to increase the threshold voltage of the transistors of the
writing stage and to reduce the threshold voltage of the transistor(s) of the reading stage.
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20. The method according fo claim 18, wherein the biasing of the back conirol gates is
controfled during a writing operation o reduce the threshold voltage of the transistors of the
writing stage and to increase the threshold voltage of the transistor{(s) of the reading stage.

21. The method according to claim 18, wherein during a retention operation, the local biliine is
discharged via one of the transistors of the writing stage, for which the biasing of the back
control gate is controlied so as fo lower its threshold voltage.

22. A method for controlling a sense amplifier according to claim 5, which comptises modifving
the biasing of one of the gates of the transistors during operations for writing, reading or
retaining of data in the cells of the series.



