1 DIFFERENTIAL SENSE AMPLIFIER WITHOUT SWITCH TRANSISTORS FIELD OF THE
INVENTION The invention generally relates to semiconductor memories, and more particularly to
a sense amplifier for sensing data stored in a plurality of memory cells of a memory cell array. 5
BACKGROUND OF THE INVENTION Semiconductor memories are used in computers, servers,
handheld devices such acaif BRonesLéte. Hrtrears AR FahyRuhdHORErSHiE Helices and 10
applications. A semicondﬁéﬁﬁl%ﬁ%§%omprises a plurality of memory cells in a memory array, each
memory cell storing at leaSEDIAF AHDINMERAIBAN. Dynamic Random Access Memories (DRAMS) are an
example of such semicongyctorspeinodeserbig peesesttnvenioshituptefenaiyesspanietsvih DRAMSs.
As a consequence, the.following description is dqne with refer. imiting
example. 15 A sen%aeref\a‘lﬁlw%lr;(l\{éﬁsalfgngt%ma{%ﬁeeéogsp u{?g?t)?e%t%rrl#egﬁ%@j [(%e Is V|g&aqf)i#r}((a-‘l'frg él.“ ES,I':)g-called bit
tine. The conventiofgiisehsaamaifel & bre specifically a differential amplifier operating with a bit
line and a complementary bit line which is used as a reference line, to detect and amplify the

difference in voltage on the, pRiref Rib Wresse inveRBdlystrated in Fig. 1, a conventional sense amplifier

circuit comprises eleven transistors 121, 122, 131, 132, T10, T40, T50, T61, T62, T72, T71 fabricated
in bulk silicon CMOS technology. A sense amplifier is used for sensing and writing-back data

stored in memory cells, asstioadusadngrsuidscutaused ivGamguiew datedandhaddexieaemory 25

cell C is addressed hi- @ ;arehlipRods that cpntiedssthengaieaal el acerssisansistoickicasaid cell
access transis%r Mc connecting the cell &&) a hit Iigp

re IMRUCI word line
WL and one memora)P Béﬁaeoé]rségAsﬁ%Fvvﬁ fom the ce a}{_rgéhg)gngt%é ?e?f?ﬂglrﬁ{ Sﬁﬂﬁ%@%&%%g gamplifier.
A conventional sen&eeBRiRERYyefrstameesRyprrlestosms AfirlsaevdE AVEFRIMASARy I Bt
connected to the bitRineddlsatskameinpuecdRidsicdd @l aopp e mentseybinduetB mengsesond

CMOS inverter having.an QuipyhcoRRRGIedAIhR FomRiag AR DR el BReqititRytigonnected

to the bit line BL, each CMOS mver_’ter‘comprisjr}]g :35-a uII-uB tm\nsistor 121, 122 havipeg a drain
and a source. and following description is done with reference to a DRAM as a non limiting examples

15 A sense amplifier is used to address a plurality of memory cells via a line, a
so-called bit line. The conventional sense amptifier is more specifically a
differential amplifier operating with a bit line and a complementary bit line which
is used as a reference line, to detect and amplify the difference in voltage on the
pair of bit tines.

20 As itlustrated in Fig. 1, a conventional sense amplifier circuit comprises
eleven transistors T21, T22, T31, T32, T10, T40, T50, Tée1, Té2, T72, T71 fabricated
in bulk silicon CMOS technology.

A sense amplifier is used for sensing and writing-back data stored in memory
cells, as well as reading said data and writing new data into the cells. A memory

25  cell C is addressed by a word line WL that controls the gate of a cell access
transistor Mc, said cell access transistor Mc connecting the cell C to a bit line BL.
For reasons of simplicity, only one word line WL and one memory cell C are shown
from the cell array on the left hand side of the sense amplifier.

A conventional sense amplifier generally comprises:

30 - a first CMOS inverter having an output connected to the bit line BL and an
input connected to the complementary bit line /BL,
- a second CMOS inverter having an output connected to the compiementary
bit {ine /BL and an input connected to the bit line BL,

each CMOS inverter comprising :

35 - a pull-up transistor T21, T22 having a drain and a source, and

- a puli-down transistor 731, T32 having a drain and a source,



- a pull-down transistor T31, 132 having a drain and a source, the pull-up transistor T21, 122 and the
pull-down transistor 131, T32 of each CMOS inverter having a common drain. The sources of the
pull-down transistors T31, T32 are connected to a foot §Witch transistor T40, which is itself connected
to a pull-down voltage source 5 providing a low supply voltage VLsuppi, usually at a low voltage level
VBLL referred to as ground GND, and controlled by a foot switch control signal ONsw. The ground

level of the low supply voltage VLsuppis, is used as a reference for the other voltage levels in the
sense amplifier. In the piftuir Hrastidesd By Fig.andtHee fodt-saieraessmid? 140 isca g3 transistor.
When the foot switghveeRirahaigiaktoRAMSVHrtanl 0 high, the foot switch transistor T40 is conducting, and

tre ground voltage Is trangyitee g, e R RMAMBAAHISRAGIR dhiha puldouiuanaisiois el 192

When the foot switch pontro? signa ‘IS tow, the foot switch transistor 140 is blocked and the
common source no8¥EPHREPRAIMolAR traishstisrdtyeth cERstotD I @4 BN YSFIRE SBUITRS of the
pull-up transistdars Igtyidi22 arlevcoumpéciettigeavhaadwsuatoharansistar&gs levhichisritgaifeddnnected to

@ pull-up voltage SoGe RiaMSNAS 7 iah SRRl KPUARE iRl xRy e DI YRU3gs el VBLH

such as VDD, and con y a head switch control signal Opsw, In thé circulit illustrated by Fig. 1,
the head switch traf@Y&H 119 RS HPRIOS 1RER fsterr, WARSH AeHBERIP6 S (AR BN oI aIEH#El Olpsw is
low, the head switchetrainsistor késisarapitfiecting thed-treihighsupisly bolEage VideUppt, sigtgansmitted

to the sources of the ul-p FANRISIONE A8d rhadsHNemineentg! sianal Qrsw isdiahy, lehead

switch transistor 110 is blocked and the common source node of the pull-up transistors 121, 122 is not

pulled up, i.e. e véNByetBE 4R LOMIFB I a88IteMbHE B ARANGHR 3BEARIEISHIT YR 985 1% floating.
When both head anddentiswitcio ttensistonsn $@usaedribde afethermel-dffivharahsistersd sivifth control

signal iiipsw is high gad the.fogt switch conval sivaal QNS s/ lowe WRedes inihesessesamplifier are

floating. The sense amplifier further comprises a pair of dedicated rechar%e SO%éanﬁ tors 1t61, 162
respectively couple@ RS HI 118 EI™IRE 18456 CBHSIEANSRAN AT AAEABL R Afra 3&3‘5 8
precharge the bit lineg\BLd#®h.to a precharge voltage Vpery, usually at the mean value between the

high supply voltage VHsupply @iethe,fomsyomlypveliage:Mistnpiyr bhisaieanaabiets aseally half the
high supply voltage VH%HpQ%QI%’]r vﬂUe, I.e, VBL}.—ltlznsmce EQFEEOVQ’OVQHE ( Ieve(l)rl?alglgs%mg 35low

supply voltage VLsusﬁfﬁy Is'used as a r(affe"%“rﬁ"(r:}e1 or the other Vo es and t 'gph\l’g supply voltage

a
VHsupply and low sBfslfiveiRaljensLseiypiotaes lewaIN‘fHéHya%TtHé%’ﬁﬁ‘idﬁtéﬂ?ﬁ ISHFVSagEIR 98I,
respectively. A prechapgespbiialsienaleppaidseppiediadhagatesof saitprechargedransistors TM,

T62. The sense am%@rﬁg{gfu{ F'E%Ct?e@ rsi\‘:’net%ha?raer%%%l)irz ‘%'Bnistrgrbsﬁ% J?l%ilg@o\{j.ng’hen the head
20 switch control signal ¢psw is low, the head switch transistor T10 is conducting and
the high supply voltage Viwppy is transmitted to the sources of the pull-up
transistors T21, T22. When the control signal ¢esw is high, the head switch
transistor T10 is blocked and the common source node of the pull-up transistors T21,
T22 is not putled up, i.e. the voltage of the common source node of the pult-up
25  transistors T21, T22 is floating.

When both head and foot switch transistors T10 and T40 are turned off, i.e.
the head switch control signal dpsw is high and the foot switch control signal ¢nsw is
low, all nodes in the sense amplifier are floating.

The sense amplifier further comprises a pair of dedicated precharge

30 transistors Te1, T62 respectively coupled to the bit line BL and to the
complementary bit tine /BL and arranged to precharge the bit lines BL, /BLto a
precharge voltage Vpgy, usually at the mean value between the high supply voltage
Visuppy and the low supply voltage Vi, This mean value is usually half the high
supply voltage Vuspy high value, i.e. Vpu/2, since the low voltage level GND of the

35 low supply voltage Vi i Used as a reference for the other voltages and the high



5 its source/drain terminals respectively coupled to one of bit lines BL, /BL and having its gate
controlled by an equalization control signal ()EQL. The equalization transistor 150 of the circuit
illustrated in Fig. 1 is an N-MOS type transistor. The sense amplifier further comprises two
dedicated pass-gate transistors T71, T72, the gates of Wwhich are controlled by a decoding control
signal YDEC. Each 10 of the pass-gate transistors T71, T72 connects one of the bit tines BL, /BL to a
global bit line 10, /10, also called in-out line. The pass-gate transistors 171, T72 are used to transfer
data between the bitipley@tasBVrand tnd Hoabbly 299 Videy are upRhyiiersdnseiamphifiers are
technically necessapyy {fanAngcRISMicaRaRt P Viguchesereamphfies canhiriconsigiered as
service circuits of the 15%]em$lr?y a%[jr%% and th%ref%e1 aﬁﬁgverhead that increases the area of the entire
circuit and thus als§tE TSt PLBRRoR 2™ Thereford; continuous efforts are made to minimize the

area consumption of suclBeaeesaamides fItSH ORPHESTRPRIEN @RIt VEN PG The
object of the ingentiendsuie areposesasinplifiegand copustipiemoryseaseiamplifisr, FBL this purpose,
the invention propoges, according to.a first aspect, a differential. sens lifiet fo n g{%lgata
stored in a pIuraIity%afVm%fﬁ%ﬁ? ge%%ng ger?]g_ g?yegg %ﬁggl?iﬁ%%r ?rg%%%g%iresri‘%;l\ﬁﬁc%sﬁnverter having
an output connectetapsitArstliofife SauiiNpirtedrindited toaa ¥iBn &bt AR ERhplementary to the
first bit tine, - a second CVKaSdnue eewn it fgrare o utprirces necett da e gpeondtbitringsémd an input

connected to the fif?HO,itﬁaet@gﬁgmiw@fé@oﬁ%&r&smr RRodmulbHRdraRaiRtor.having a drain
and a source, and - a Pull-down ransistor having a_drain and a sourge, t}kgtpull-u%tra/rbslhlstor and the
thsv b é L 10 a

pull-down tran&fstoPbFBaARERMESTATEHES heling & ESRIRSH dRGr rélif the s6trces of the
pull-down transistorgiei eicbtddally ICoaptecatied i33sbtinecit rrs-pale-downsvokddée dddre, without
an intermediate trangis{ep baiweeadhersamsersHithaimisdovmn wansistersbarslttheepud-dayn voltage

Although sense amplifiers are technically necessary, from an economical

point of view the sense amplifiers can be considered as service circuits of the

15 memory array and therefore as overhead that increases the area of the entire
circuit and thus also its cost of fabrication.

Therefore, continuous efforts are made to minimize the area consumption

of such sense amplifiers.

20 SHORT DESCRIPTION OF THE INVENTION

The object of the invention is to propose a simpiified and robust memory

sense amplifier. For this purpose, the invention proposes, according to a first
aspect, a differential sense amplifier for sensing data stored in a plurality of
memory cells of a memory cell array, inctuding:
25 - a first CMOS inverter having an output connected to a first bit line and an
input connected to a second bit line complementary to the first bit line,
- a second CMOS inverter having an output connected to the second bit line and
an input connected to the first bit line,
each CMQS tnverter comprising :
30 - a pull-up transistor having a drain and a source, and
- a pull-down transistor having a drain and a source,
the pull-up transistor and the pull-down transistor of each CMOS inverter
having a common drain,

wherein the sources of the pull-down transistors are electrically coupled and

Lk
i

connected to a pull-down voltage source, without an intermediate transistor
between the sources of the pull-down transistors and the pull-down voltage



4 source, or the sources of the pull-up transistors are electrically coupled and connected to a pull-up
voltage source, without an intermediate transistor between the sources of the pull-up transistors and
the pull-up voltage source. 50ther preferred, although non limitative, aspects of this sense amplifier
are as follows: - the pull-up and the pull-down transistofs are multigate transistors having at [east a
first control gate and a second control gate, and wherein o the second control gates of the
pull-up transistors are driven by a pull-up 10second control signal, o the second control gates of the
pull-down transistors ax@:deyven byeaspurited onirirse pottadizorensissignate-cleetdifite ntigiserrse amplifier

is made on a semicondyigierea- %Slalagseﬁ %Hb%t@etgeC%Q@Smtﬁotumramﬁé@aﬁ&ﬁm@@%ﬁm material
separated from a 15b?§e subst ate b sy at %Ba er,.and W |n the seccgn control gates are

back control gates for AT heebséjéje su tBLb[ Széilgiﬁ’srts.lI%{hng yueur UBrotRER NS Stors are
FINFET devices with independent double gates, - the sense amplifier further comprises an equalization

transistor having a sourceang gref@irdpspralirehocatinetve aneok ibrediksicans seaand bitlines; 20-
the equalization traps Es){pr\@ a multigate transistor having at least a first control gate and a second
control gate connected together; - the equalization transistor is a P-MOS type transistor physically

arranged between the B6I1RWY HRRILE; PYHEWEh SR A et R RUATISATR Of HITRE Je F2dhelstors
arranged to be respeehvelyfrsiupistdogstddiiir st @nondevondbimenswvias ¢ precharge said first and

second bit lines to a precharg.ugliaae el ¢ a A RESANAIPRURNSISIOEe driven by a pull-up
10 second control signal,
o the second control gates of the pull-down transistors are driven by a
pull-down second control signal;
- the differential sense amplifier is made on a semiconductor-on-insulator
substrate comprising a thin layer of semiconducting material separated from a
15 base substrate by an insulating layer, and wherein the second control gates are
back control gates formed in the base substrate below the insulating {ayer; or
- the transistors are FinFET devices with independent doubie gates;
- the sense amplifier further comprises an equalization transistor having a source
and a drain respectively couplted to one of the first and second bit lines;
20 - the equalization transistor is a multigate transistor having at least a first
control gate and a second control gate connected together;
- the equalization transistor is a P-MOS type transistor physically arranged
between the pull-up transistors;

- the sense amplifier has a pair of precharge transistors arranged to be

[-2
wh

respectively coupled to said first and second bit lines so as to precharge said first
and second bit lines to a precharge voltage, wherein said precharge transistors
are constituted by the pull-up transistors or by the pull-down transistors;
- the sense amplifier has a pair of pass-gate transistors arranged to connect said
first and second bit lines to a first and a second giobal bit lines, respectively, so
30 as to transfer data between the first and the second bit lines and the first and
the second global bit lines, respectively, wherein
o the pass-gate transistors are constituted by the pult-up transistors,
and

o the sources of the pull-down transistors are electrically coupled

35 and connected to a pull-down voltage source, without an



are constituted by the pull-up transistors or by the pull-down transistors; - the sense amplifier has a
pair of pass-gate transistors arranged to connect said first and second bit lines to a first and a second
global bit tines, respectively, so 30as to transfer data between the first and the second bit tines and the
first and the second global bit lines, respectively, wherein o the pass-gate transistors are constituted
by the pull-up transistors, and 0 the sources of the pull-down transistors are electrically
coupled 35and connected to a pull-down voltage source, without an 5 intermediate transistor between
the sources of the putt-down tran¥ittorsdiate thangistbabsivsasittigessaaes e dhe pHE-damse amplifier has

a pair of pass-gate transistors arrgagastée gaprechs@igolirstansssesond: it lines to a first and a

second global bit Iinesfhgegéoectivel}/. S0 Has to Irapsfer data betw%en the firsé g{pgom‘% &esgpcpd bit lines

: : HP R -GALE
and the first and the second’ Sgelc?ﬂjﬁ bi ﬁlnaess? glsrpoe Vel a,‘v?/hrearrgi]ﬁ 8r?haérf)_ré es-gate transistors are
t

constituted by the pufirefot0d tesaRGRHrEnade a first and agqrRnE ARbaLER AR PRSP el sisfors are
electrically coupled amad Orasiaedted betevguittivpfvalage sosecendbith Gutcanithtesfisdiateé transistor

between the sourcestgé gggoggIE;l]gga[rgmjﬁggr$e@ﬁ&m@lﬁmﬁgpegpltage source; - the sense amplifier

further comprises a pair of precharge transistors wherein theﬂprt—;‘chac{%zl t%‘ansi%t rs are multigate

transistors having at least a firSt coItPSF T8Y& Y YRES S LD AE EBRE TBY g

&&Y together;
transistors and

¢ the sources of the pull-up transistors are electrically coupled and
10 connected to a pull-up voltage source, without an intermediate
transistor between the sources of the pull-up transistors and the
pull-up voltage source;
- the sense amplifier further comprises a pair of precharge transistors wherein
the precharge transistors are multigate transistors having at least a first control
15 gate and a secand control gate connected together;
- the sense amplifier further comprises a pair of pass gate transistors wherein the
precharge transistors are multigate transistors having at least a first control gate

and a second control gate connected together.

20 According to a second aspect, the invention relates to a method for
controlling a sense amplifier according to the first aspect of the invention to
perform operations for pre-charging the bit lines, sensing and writing-back data
stored in a plurality of memory cells of a memory cell array, wherein to modify the
operation performed by the differential sense amplifier, the pull-up second control

25  signal and/or the pull-down second control signal are modified.

Other preferred, although non limitative, aspects of the method are as
follows:
- during a precharge operation, a low pull-up second control signal is applied to the
secand control gates of the puli-up transistors so that the pull-up transistors are

30 conducting and a low pull-down second control signal is applied to the second
controt gates of the pull-down transistors so that the pull-down transistors are not
conducting; or
- during a precharge operation, a high pull-up second control signal is apptlied to
the second control gates of the pull-up transistors so that the pull-up transistors

35 are not conducting and a high pull-down second control signal is applied to the



- the sense amplifier further comprises a pair of pass gate transistors wherein the precharge
transistors are multigate transistors having at least a first control gate and a second control gate
connected together. 20According to a second aspect, the invention relates to a method for controlling
a sense amplifier according to the first aspect of the inv&ntion to perform operations for pre-charging
the bit lines, sensing and writing-back data stored in a plurality of memory cells of a memory cell array,
wherein to modify the operation performed by the differential sense amplifier, the pull-up second
control 25signal aneorrthequiibideates sédbaddbineh Signsistare mddifiche pull-Cewertfresereed,
although non [imitatjmec@epesty of the method are as follows: - during a precharge operation, a tow
pull-up second contrg] signal is applied tg the secand control gate - istqrs.so that
the putt-up transistérguélr% fosggﬁ%%gﬁﬁba and 3?3% Sﬁ?tp %er?w%s?é8§dﬁ<§é§§§r§1§$gﬂ%ﬂ%§é%Ii%d to the
second control gate§ofaesuribih #AsiMordsPRatne pifnasiar tsansidlo/da Bt ®hducting:;
or -during a prechargrtopeiaticondaduigh dpidtt ijpiseabng cendrdl sigual sseagpliedridethe seeond

control gates of the QUiHR JRANFISIALS 39 %n@tfmegu{m&aesést@ﬁét%@rsﬁpw%q%{mg fad a high

pull-down second control signal is applied to the 6 second control gates of the pull-down transistors so
that the pull-down tPIhSRIBYS™HIE Ronducting; - during a sensing operation, a high pull-down second
control signal is appliddite teesdtporEUdIMo RgateBubf dberpidteis vartkeh sierst dssprhed thefsull-down 5

transistors are condieling Anea Bigks Rk RRCwh aeaipksigsainapRlipditadhe sasandmeontrol
gates of the pyll-up transistors so.that the putt-up transistqrs are con ings or -hgtgri sensing
operation, a IoL\i/\J/) puIi’-rgor{/{\)/l%cé)é‘?:g#aﬂ &Sntrol %\6 gﬁlsu %E)p?gg 0t rg%%&cné%&g ggﬁt‘r%l g‘yt:_es gft g pull-down
transistors so that tI58eH-d8eR tPANEIStOTSl P a8t ¥BndRuCHRY dhE PHGHPOIRF S¥EE control
signal is applied to thedeciangd control gates of the pull-up transistors so that the pull-up transistors are

conducting; - during a write back operation, a low pull-up second control signal is applied to
the second control gates of the pull-up fransistors so that the pull-up transistors
15  are conducting and a high pull-down second control signal is applied to the second
control gates of the pull-down transistors sc that the pull-down transistors are
conducting;
- to perform a read operation, a high pull-down second control signal is applied to
the second control gates of the pull-down transistors so as to turn the puli-down
20  transistors into depletion mode; or
- to perform a read operation, a low pull-up second control signal is applied to the
second control gates of the pull-up transistors so as to turn the puli-up transistors

into deptetion mode.

25 According to a third aspect, the invention relates to a semiconductor
memory incorporating a memory cell array comprising at least one differential
sense amplifier according to the first aspect of the invention.

SHORT DESCRIPTION OF THE DRAWINGS

30 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 non-limiting examples, and made with reference to
the appended drawings wherein .
- Fig. 1is a circuit diagram of a sense amplifier of the prior art;

35 - Figs. 2a and 2b illustrate signals that are applied to or generated within a sense
amptifier of the prior art;



- during a write back operation, a low pull-up second control signal is applied to the second control
gates of the pull-up transistors so that the pull-up transistors 15 are conducting and a high pull-down
second control signal is applied to the second control gates of the pull-down transistors so that the
pull-down transistors are conducting; - to perform a redd operation, a high pull-down second control
signal is applied to the second control gates of the pull-down transistors so as to turn the pull-down
20transistors into depletion mode; or - to perform a read operation, a low pull-up second control signal
is applied to the secof@.céntyot gatestofithg ullelip trrensistarpisieasito dtrerdhecp I tp aréimstistors into
depletion mode. 25p6gMHaderanbirdsaganact dhennyeatigsnrelates to a semiconductor memory
incorporating a memary cell array comprising at Least one_differential sense amplifier according to the
fret aspect of e B SRR B SR PO BRAINGS STHA B objects
and advantages of #eppfesaattriiantio i ilirBeBbreiBetier apparent upon reading the following
detailed description-ofigreferradcambodimnents tiereohs giveiplaBdran-litaiing mawiphes safshiade with
reference to the appended drawings Mﬂéﬂ?&@dbﬂge 1 isAgpcuit diagram of a sense amplifier of the
ignal

prior art; 35- Figs. 2a and 2b illustrate signals that are applied to or generated within a sense amplifier
of the prior art; 7 - Figg*388 iR GHEIEHBRE St RIS, Th AEsiahrt wiihrietse
embodiment of the farsplEspectofdine invbntierend Ergsediaenid 4b illustrate signals that are applied to or

generated within a sepge amplfisrageding 40 dhe Heskembpdiment Sckdeianis asirckitiliagram of a
Sense amplifieli in a%%x%%jdqrqggtvg}tn\g ﬁ%?%?éject of the invention:
- Figs. 8a and 8b illustrate signals that are applied to or generated within a sense
amplifier according to the third embodiment;
- Fig. 9 is a circuit diagram of a sense amplifier in accordance with a fourth
embodiment of the first aspect of the invention;
15 - Figs. 10a and t0b illustrate signals that are applied to or generated within a sense
amplifier according to the fourth embodiment;
- Fig. 11 illustrates a possible topology of a sense amplifier according to the fourth
embodiment;
- Fig. 12 is a circuit diagram of the sense amplifier according to the fourth
20 embodiment with an equalization transistor arranged between global bit lines;
- Fig 13 illustrates a semiconductor memory in accordance with a third aspect of

the invention.

DETAILED DESCRIPTION OF THE INVENTION

25
The operating process of a prior art sense amplifier as fllustrated in Fig. 1 15
now described. Some signals that are applied to or generated within the circuit
when a sense amplifier of the prior art is operated are illustrated by Figs. 2a and 2b.
The depicted timing is purely illustrative.
30 The first operation before reading out a memory cell is equalization and

precharge. The sense amplifier is first turned off by setting the head switch control
signal ¢psw to a high voltage tevel and the foot switch control signal dnsw to a low
voltage level. All internal nodes of the sense amplifier become floating. Prior to
this operation, i.e before time t,, the sense amplifier was operated in a latched

35 state providing complementary high and low supply voltages on the bit line BL and
the complementary bit line /BL, depending on the previous operation.



embodiment of the first aspect of the invention; - Figs. 6a and 6b illustrate signals that are applied to or
generated within a sense amplifier according to the second embodiment; - Fig. 7 is a circuit
diagram of a sense amplifier in accordance with a third 10embodiment of the first aspect of the
invention; - Figs. 8a and 8b illustrate signals that are ap%lied to or generated within a sense amplifier
according to the third embodiment; - Fig. 9 is a circuit diagram of a sense amplifier in accordance with
a fourth embodiment of the first aspect of the invention; 15- Figs. 10a and 10b illustrate signals that
are applied to or generatedhwathin tisemse enriplified aucerdihy 1@ thé fgunthiengbodinedriy theig. 11

illustrates a possibleenRiag, bR REIRGAA g'ft%rtaﬁceadmg é% Ql%@w%mtmw&hei%ey 12isa
circuit diagram of the sense ﬁnépllfler accor mg1 g the fourth embodim%ﬂ with an eq} ?kzatlon
§iob g

transistor arranged BEWERH B e P-RRC S TGRS WHRRS Vb o IR
accordance with a tHied ésﬁé@?dﬁmtimmﬁﬂémrﬂﬁquﬁlli@w@s@m PTIORS EOF“ME"INWEPWION 25

The operating RroceRe Seanarier @ﬁ@@mﬁg@nmmiah Qﬁx&"b‘ﬁ&ﬁﬁﬁﬁg ifhEiQrelaﬂﬁrQ@Wéiﬁﬁ%iQG% Some
signals that are ap to ?__& eratejwnhlr%the ﬁ|rcw \%hen agsense am “{[er gfhor art is

operated are |Ilustrated %y ZSThHE deplcfe tlmlng |sapr) retlry Us rastlve 30Theé first

operation before re&d h@;i@lmta m@mwa/acbﬂ%hs\’@kﬁwlh%tﬁbﬁpaiﬁé prRUIMEgEOTI sERdedamplifer is first
turned off by setting,mghagadamggiv&pmmmgna}epsw to a high voltage Ievel and the foot switch

control signal 61,1sw to alt) w Vol aéy%level All | ternal n gg Eh}gg ﬁllflefé; bec%amge floatlng
in'a state

nterva corres
Prior to this Operatlon i.e epfore time to, the sense am aS oper atc gc?%

providing coméfémé’rﬁ’?dﬁ?‘?ﬁ@l‘f QWBQM%%&IME%&&&% 7i:lee bit line BL and the complementary bit
line /BL, depending on théprgvimhargperatration compensates for possible leakages or unbalances

which may result in a small deviation between the precharge voltage Vgn/2 and the
voltage achieved at the bit lines BL, /BL through equalization.

After equalization and precharge are completed, the precharge transistors

15 Té1, T62 and the equalization transistor 750 are turned off, corresponding to time
ty in Figs. 2a and 2b.

The voltage of wordline WL is switched to a high level Vy.y so as to activate
the cell access transistor Mc. The memory cell C and the bit line BL share their
charges. A variation of the voltage appears on both the cell capacitor and the bit

20 line BL resulting in a voltage difference between the voltages of the hit lines BL,
/BL. The vatue of this variation compared to the reference voltage on the
complementary bit line /BL is given by the equation:

AV = Vg -V = (Comy /ZCH(Vepe-Van/2)

25
in this equation, V¢ is the voltage stored on the memory capacitor and ZC =Ceg +
Ca. + Cinsa corresponds to the sum of the capacitances of the cell C, of the bit line
Bi., and of the input capacitance of the sense amplifier C;, 5. This voltage varation
is also a voltage difference between the bit lines BL, /BL.

30 Depending on whether the data initialty stored in the cell C is a togic "one”

or a logic "zero”, this voltage variation AV is positive or negative, respectively. The
related time interval corresponds to t,<t<t; in Figs. Za and 2b.

If alogic “one” was stored within the cell C, i.e. the voltage initially stored
within the cell C is the high supply voltage Vs, the voltage of the bit tine BL is

35  slightly increased and the voltage variation AV becomes positive. This situation is



S Equalization is performed by applying a high voltage level to the equalization control signal Om_
to turn on the equalization transistor T50, thereby shorting the bit tines BL, /BL and setting their
voltage levels at the mean value V5LH/2. At the same time, the precharge transistors T61, 162 are
turned on through 5 the precharge control signal Och.qln this example, the precharge transistors T61,
T62 are N-MOS type transistors; hence the precharge transistors T61, T62 are turned on by applying a
high voltage level to the precharge control signal Opth. The precharge voltage Vpth is VeLH/2 here.
The related time intdnsalatedrespgnaandf o ltve egeralizasiostard pidoh drge<l00pesationeoisagiven by

t0<t<tl in Figs. 2a 3¢k AR stored RRATFERAIR QPEIBLIOBICENPENRAISR IQE Resab A depkages or
unbalances which may result in a small deviation between the precharge voItagg:gVBLH/Z and the
li

: h
voltage achieved afWSatBidRERBE I8 theril e duAtoatoN. Pecome s R  RuiY4ti s 888 WPecharge
are completed, the jinettzaed ditrdipsistors 15T61, T62 and the equalization transistor T50 are turned

off, corresponding to timedim&igSeea@itheBperatidh @ validgesn i werding Wit isswitcbrgdo a high
level Vwth so as to activate the ¢ I',I?gc eglss trgnsi tor Mc. The memo%oc%ell C and the hit |j g BL share
5 40.

c
their charges. A varisidh B2 YSRGS ippe ST or EstHothd toft it and e Bt 20 lins BL

resulting in a voltagéhgiffersnwe soutireerrehel bragdsdsmmarpisiFies BE1/BE2 FHE/ERYePYH BSs
variation compared dgshadeferapaesuphiageasthe complemeniatydoi line #Bkds @iven hy the
equation: AV = VBL-V/BLz (CCELL /EC)(VCELL-VBLH/2) 25 In.this.eqyation, Yan,js t tage
stored on the memgﬂ}é@ eﬁagcritgo%regl% l].gg ébcg tLarEéfs%?ﬁ?§§yégggos\§%#(?s tébt'hag ({813%}10 't %

capacitances oPthe¥dhete, shasesmtdinrritd Knthd et pipte CibAhERBINE dehséEniBfifier
Cin,SA. This voltageuatetioerissdeesar yoltegetdiffesencerbetweanriedoit lines BL, /BL. 30Depending

on whether the data initially,stord In (B8 £ S bIDGICGRNG BT AR 261 0 veliagra yariation

AV is positive or negative, respectively. The related time interval corresponds to t2<t<t3 |n Figs. 2a

and 2b. If a Io‘ﬁY@S'GHBgWagaéon%%a\%ﬁtﬁ?ntfﬁet@é'ﬁ‘%?ri.5’.‘%@%&3@% RIS R8T G WA the cell
C is the high supplyveditagehighisigepiyolhage oltdg enofatiiarbintifint Blhds I8tdig bpdistrearedutind the
voltage variatiqn AVyhRreRIes RRSHYRsJMHa silupdiaNdkale that was already lower than the other
one. The voltage difference between the two bit lines BL, /BL is thus amplified.
The related time interval corresponds to ty<t<t, in Figs. 2a and 2b.
At time €, in order to saturate the already amplified difference signal to
the full high supply voltage Visppy, the head switch transistor T10 is turned on
20 through the head switch control signal ¢esw, thereby pulling up the common source
of the pull-up transistors T21, T22 towards the high suppiy voltage Visesy of the
pull-up voltage source. in the same manner as for the pull down transistors T31,
T32, the cross-coupted connection of the pull-up transistors T21, T22 gives a higher
gate overdrive voltage (in absolute value) to the transistor with the lower absolute
25  drain-to-source voltage and vice versa. The process is comparable to the one
described for the pull-down transistors T31, T32, but here a pull-up process is
obtained resulting in a larger voltage difference between the two bit lines BL, /BL.
The combination of both the N channel transistors related pull down process
and the P channel transistors related pull up process, leads to an amplification of
30  the voltage difference between the bit tines BL, /BL until full CMOS voltage levels
are reached.
in the case depicted in Fig. 2a where a logic "one" is stored within the celi C,
the voltage difference between the bit lines BL, /BL resulting from the initial
positive voltage variation AV is amplified until saturation is reached, so that the
35  voltage of BL equals the high supply voltage Viuemy while the voltage of the



illustrated by Fig. 2a. If a logic "zero" was stored within the cell C, i.e. the voltage initially stored within
the cell C is Vga or GND, the voltage of the bit line BL is slightly decreased and the voltage variation
AV becomes negative. This situation is illustrated by Fi9. 2b. 5At time t3, the sensing operation is
started by raising the foot switch control signal bwsw to 4 high voltage level so as to turn on the foot
switch transistor T40. The common source node of the pull-down transistors T31, T32 is thereby pulled
down to the low supply voltage Vi_suppty of the pull-down voltage source. As the voltages on the bit
lines BL, /BL are respeptamépisey tit\ViBe HHR is pallethdbVE Li1Re dovd supaly Nrdtsas dltagedrateeapplied to

the gates of the pull-glawitranaistors T3 whare theopidl AW iraBristors Hedde (T 32 dhansistees are thus
umed on. e ipsasaupied.cenneclian.of ge Mo RUIIMBIARSIRIAA T8 T2 gidge a hioher
gate voltage to the transIStor wi H’?ﬁetlower drain voltage ané Vice versa. A Righer gate vqﬁ%ge sinks

more current into théaFEfaead Y rasmaiiioshie phatsths \abrgs raktaidipié @W?@épégklfﬁ'@g@l‘éﬁqwmﬁage that

was already lovger thah the edhegeosteché et Viokisgicadiffierenet detween sheptwookiidings Bl anBL is thus

amplified. The relatedtigng oteryal cQERRRORAR AR 351D Fig%:2Ra08 200 the AidiMGguin order to
saturate the already amplified difference signal to the full high supply voltage VHsuppty, the head

switch transistor T18%E38frieetin 20 through the head switch control signal (1)pSw, thereby pulling up
the common source of theTpakampenapitbtorsl TR Is, (2 testenadistehies Midfins upph/asshageMimepw of the

pull-up volt?gde SOurge. amstheai@mﬁmamefwﬁﬁrﬂh& mutbﬁ@w&taaaﬁh&tﬁrﬁé@& dmas Ub‘?tagel (
cross-couple nnection of the pull-up transistors T21, T22 gives.a higher verdrive yoltage (in
absolute valueﬁ)o trf%ﬁ%ﬂ&&ﬁ%ﬁ?yth%e”l%%??%g?)Ib eesf_gsa rair- g’-esrél? e Vo tggﬂ%’ﬁé %/?cr:‘eY) Versa, The
process is comparaBRs iy fhensfrs'gdseipetrréhertihal-aBwingatististrerer3PeRAsh&RE S pull-up
process is obtained siassiktag TV & [erg ey velidaig Siadgnee dretwesnithestWol pitAings8lcrifiglby  The

combination of both he N.ghapnel irapsisiarsyelatad aulldlown progess and Ao ehapnsidransistors

related pull up process, leads to an amplification of 30the voltage difference between the bit lines BL,
/BL until full CMOS Y8R XAETe 5P Pad et “iftthe case depicted in Fig. 2a where a logic one is
stored within thé cell C, thétuhagde tiffetentserekatiwéendtia bittinas!BL, VB crdistitiery framittes initial

positive voltage varigian dyhds amplfirddnisaturatiosrisiirasned, soihaighmaaveliagriBL equals
the high supply voltzilg\se VHSUJJPIP/ whijle tpe voltage of the 10
el to the setect W -

signa

At time t,, the foot switch transistor T40 is turned off by setting the foot

switch control signal $ww to a low voltage level, thereby isolating the common
20 source node of the pull-down transistors T31, T32 from the pull-down voltage
source.

Simuitaneously, the head switch transistor T10 is also turned off by setting
the head switch control signal desw at a high voltage level, thereby isolating the
common source node of the puli-up transistors T21, T22 from the pull-up voltage

25  source. The pull-up and pull-down transistors T31, T32, T21, T22 are thus
deactivated.

At time t;, a new cycle begins with the precharge and equalization
operations as described above.

in order to write data into the cell € or to read the data storedinceli C, a

30  high voltage level decoding control signal Yoec is applied to the gates of the pass
gate transistors T71, T72 so as to turn them on.

Four embodiments of a sense amplifier according to the first aspect of the
invention and their associated operating process when controlied by a method in
35 accordance with the second aspect of the invention are described hereafter.



complementary bit line /BL is putted down to the tow supply voltage Visuppiy In the case depicted in
Fig. 2b where a logic "zero" is stored in the cell C, the voltage difference between the bit lines BL, /BL
resulting from the initial negative voltage variation AV is amplified so that the voltage of said bit lines
BL, /BL finally stabilize 5with the voltage of the bit line BL at the level of the low supply voltage
VLsupo,y and the voltage of the complementary bit line /BL at the level of the high supply voltage
VHsuppty The content of the cell C is then restored to its initial value as the word line WL is stilt
activated. The two bit lines BL and /BL are saturated at CMOS voltage 10 levels, avoiding any current
through the sense aglifighodinese: Gmcl?{/:%t%ﬁ?&sbe easily transferred later to the global bit lines
10, /10 through the pass transis orsg. 172 b ren ring said.pass gate transistors T71, T72
conducting by means of tha 3%‘688%% S|g ]5‘1( % & Seen |1r$ 9 t% F "ilb 8tﬁne rg,\lated time
interval correspondsftétadasntisififwas; fwfoF@é‘ﬁﬁQ"étM?ﬂth@ZQaﬁih tMéchélr (thetHéV@é‘lﬁﬁecess
transistor Mc isgurngdroffWey seaativatipgsthe worith iV M7e, 7 apphdng @ dawagltagealgeel to the
select signal Si.. tr ﬁg}g[ﬁ;g Lqmth,@ﬁ %)ev grlgcghg ﬁé?tgﬁugﬁga@oW{ﬁ%glng %&ettlng the foot switch

control signal ON5,,,, to a low voltage thereby Isolating the common 20source node of the
pull-down transistors T31A73% fism tH@%‘IﬂT‘%@VH%IF&bé@Bﬁ Asgplifier, g AHBBHE, tF¥fread
switch transistor T16niy alsovarddtiobyrsetirgribedread bWitth domrobsigrale@pmndatidendh voltage

level, thereby isolatipg Elaﬁs@%mmﬁqtv{é:@m@% Qﬁm&wlmﬁ@%@t% Wlinkeedremdhgepull-up

voltage 15sourc¢N The §P él up %\/ uII gown 1zt(lgzéug,?lstor T32 ‘I;Zl T22 dre thuns acthvated
At time to', a n& 5 fite eré‘%‘ arge an531equa iza %?1 ()rﬁrésr]é ?(5nscacs° S&THBed Bbove.

In order to write data‘ﬂmgftf@%élmad?l dirgad the data stored in cell C, a 30high voltage level decoding
control signal YDEC is apphediifiéhengaieemnktampassrgaiestansistong Titted 72 splamtafwn them
on. Four embodiments &k "J‘c.sed?1 § %'{BR!H} F%‘?H}H %]Qc‘&l}ﬁlﬁ StASRECHLRG ovRALRN and
their associated operatlng process when contro y a method in 5accordance with the second
aspect of the inventfGBr&Sdescribed hereafter.

13 - a first CMOS inverter having an output connected to a first bit line BL and

an input connected to a second bit line /BL complementary to the first bit
line BL,
- a second CMOS inverter having an output connected to the second bit line
/BL and an input connected to the first bit line BL,
20 each CMOS inverter comprising :

- a pull-up transistor M21, M22 having a drain and a source, and
- a pull-down transistor M31, M32 having a drain and a source,

the pull-up transistor M21, M22 and the pull-down transistor M31, M32 of each

CMOS inverter having a common drain.

25 in the depicted embodiment of Fig. 3, the pull-up transistors M21, M22 are
P-MOS type transistors and the pull-down transistors M31, M32Z are N-MOS type
transistors.

Differing from the prior art sense amplifier described above, the pull-up
transistors M21, MZI2 and the pull-down transistors M31, M32 are multigate

30 transistors, having at least a first control gate and a second control gate capable of
being biased in order to modulate the threshold voltage of the transistor with
respect to the first control gate. For example, the first control gate may be a front
control gate and the second control gate may be a back control gate.

Whereas the transistors of the prior art sense amptifier are fabricated in

35 bulk silicon CMOS technology, the transistors of the sense amplifier according to



11 First embodiment: no switch transistors. As illustrated in Fig. 3, a sense amplifier according to
the first embodiment of the invention includes four transistors M21, M22, M31, M32 for the inverters,
5with two additional pass-gate transistors M71, M72, two additional precharge transistors M61, M62
and one additional equalization transistor M50. As ffor Fig. 1 illustrating a prior art sense amplifier,
and for simplicity's sake, only one word line WL and one memory cell C are shown on the left hand
side of the sense amplifier. The cell C is addressed by the word line WL that controls the 10gate of a
cell access transistondVig)vsaitboelracpes@itrbiysistoriddedoneetmgotimiatterforin ol t@r ttheObit line.
The differential sengg-gt 'Uer for sensing data stored in a plurality of memory cells C of a memory
cell array according to the first embodiment comprises: 15- a first C O%éin erter havingnan output
connected to a first bit line BL afBAN - 260K "&8(?‘%8%@888%‘8 biY fif O%EO SEPRRGALEN to the
first bit line BL, - a soowmaied MOShriMfefahroerdnaotisperns cBamamiddrshnld seldegrdBirmaielBL and
ﬁtﬂnzilnpl\ljltz gor?ne@ted rt;aimge ﬁég@l@t flom %Lvagﬁacmeﬁl'hgi@ﬁ BBl SR IGIBE g uaadpribtiprteapsistor

, aving a drain and.a ce, and - a pull-down trapsis M32. havi rgin and a
source, the pull-up far(gﬁvselstags ?\/Ifﬁlo 622'(?35 *the pul ?ébvxv%etrtg’r?s?s%%re%%,a R%Zt %%e%%%%gl\t/?cggs inverter

having a common diTENPSTR PheaHe PRI B Reimealteorthag. bylkRassdirapstriassidiis vaE M22 are

an acceptable random threshold voltage mismatch. The resulting sense amplifier
consumes less area compared to its classical bulk-based counterpart. Moreover, the
10 size of interconnects can be reduced thanks to smaller transistors.

in a preferred embodiment, the differential sense ampiifier is made on a
semiconductor-on-insulator substrate, for instance a silicon-on-insulator substrate,
comprising a thin layer of semiconducting materiat separated from a base substrate
by an insulating layer. The first control gates are front control gates and the second

15 control gates are back control gates formed in the base substrate below the
insulating layer. The transistors may be fully depleted (FD) SO! transistors.

Alternatively, the ftransistors of the sense amplifier are FinFET-type
transistors with independent double gates. A FinFET-type transistor consists of a
thin fin which forms the active channel and surrounding control electrodes which

20 form the gates of the transistor.

As a non limiting illustration, in the following description, it will be referred
to pull-up and pull-down transistors each having a front control gate and a back
control gate. As a consequence, the first control gate of each pull-up and pull-down
transistor is a front control gate, and the second control gate of each pull-up and

25 pull-down transistor is a back control gate. Accordingly, the pull-up second controt
signal is a pull-up back gate control signal and the puli-down second control signal
is a pull-down back gate control signal.

Turning back to Fig. 3, the back control gates of the pull-up transistors M21,
M2Z2 are connected to a common pull-up back control gate on which a pult-up back

30 gate control signal ¢es; 15 applied. The pull-up back gate control signal ¢psg can
take voltage values within a range comprised between a low voltage level Vpgg and

a high voltage level Veggn.
The back control gates of the puli-down transistors M31, M32 are connected

to a common puli-down back control gate to which a pull-down back gate controt

(]
L]

signal ¢nsg is applied. The pull-down back gate control signal ¢nec can take voltage



P-MOS type transistors and the pull-down transistors M31, M32 are N-MOS type transistors.

Differing from the prior art sense amplifier described above, the pull-up transistors M21, M22 and the
pull-down transistors M31, M32 are multigate 30 transistors, having at least a first control gate and a
second control gate capable of being biased in order td tnodulate the threshold voltage of the
transistor with respect to the first control gate. For example, the first control gate may be a front control
gate and the second control gate may be a back control gate. Whereas the transistors of the
prior art sense ampliierave fabric edede rnShinitk Siieove€MOSech e dyy ehe/iransistar ighthe sense
amplifier according Jg (Q@e{rw&gtion are preferably fabricated in Semiconductor-On-Insulator (Se01)
technology. Se0l transistors have a tower random threshoid volt%ge mismatch ?\%rppared to

r

bulk CMOS fabricated tranafst5Pee BRRUDR HHIESK SIS AL ARIT S AN PESES #8h a voltage
deviation proportiornéfedh ascfigaiiee st bit tire Stthng sedhosarrndrbiidistofBI HamaHd ae BRSe01

transistors allows thedigensionsahsridhsansisipiséedse smakerdhasbutkhaseshtsansiataes while
having an acceptable random threshold volt mismatch., The resulti ea Igiﬁ{ cgsumes
less area comparetgﬁfﬁ*’itgs‘é?zgis%:gr %m&f‘f:}é{égg eg:)(%mfﬁgrr]|c§t§retn{ﬁorseu&elté/r,V %%5 0<i¥8"0f Interconnects can

be reduced thanks fRNAIRRERMsistorsMs mefl ¥ahipfe HRRUNBE RN HERIHEEA R sense
amplifier is made omighsesniephdustor-pnsinst i tsulystrage, (foeingiandele sivconpply-gtdator

substrate, comprising, I ;Leafﬂpfas%@iag%mgm@wm%:ﬁe& figm.agase sHEsH@e by an

insulating layer. The irst control %ates are front control gates and the second cci]ntrol %tes are back

control gates f&fmedIPtEPEEE dirsetrals BRToIRHERRELIAIRE alerHE HARSSITRN A

r 10
tors may be fully
depleted (FD) SO1 tignsistdmsy volt¥gkdrvativebpetiyeansistersatthesenstmpplificis appfdFET-type

transistors with indepeRdent-AQubisigrteRarmFiRR&stotY AR ramgistor consists of a thin fin which forms
the active channel and surrounding control electrodes which 20form the gates of the transistor. As

a non limiting illustration, in the following description, it will be referred to pull-up and pull-down
transistors each having a fr6RREoARBIGale M1 bepakRebAffdlcgtel ey egHSey heRvesthd first
control gate of gachnptiialp=asifepiptrdtumatianisisiquatia tnircOpteoh gategmnatidhre seensetieontrol

gate of each pull-upapd s prl-downdansision s Atack Ganttahaate-AGCQIdingly iRk p second

control signal is a pull-up back gate control siﬁnal and the pull-down second contirol signal is a
pull-down back gateRdRASSEEHAFansisteiihillg Bick to Fig. 3, the back control gates of the pull-up
transistors M21, mn are cénnected to sheammmamopulihepitck comtsokgatd dn Tlicti Bipullane back

omitted and the sense amplifier turning off operation is performed by rising the

20  threshold voltages (in absolute values for the P channels) of the pull-up and putt-
down transistors M2 1, MZ2, M31, M32 so that said transistors are not in a conducting
state for the voltages applied during the precharge operation. The threshold
voltages of the puil-up and puli-down transistors M21, M22, M31, M32 with respect
to their front control gates are raised by means of their respective back control

25  gates. Under such conditions, all four transistors are switched off, i.e. rendered
biocking, for all possible combinations of voltages on the bit iines BL and /BL.

it shall be noted that it is possible to suppress only one of the switch
transistors T10, 740, aithough both switch transistors are preferably omitted. The
invention is described accordingly.

30 The sources of the pull-up transistors M21, MZ2 are directly connected to a
pull-up voltage source providing a high supply voltage Vi, without an
intermediate transistor between the sources of the pull-up transistors M21, M22 and
the pull-up voltage source. Comparing with the afore-described prior art sense
amplifier, the head switch transistor T10 is omitted, thereby resulting in a more

35  area efficient sense amplifier.



30 gate control signal OpBG is applied. The pull-up back gate control signal 4)pi30 can take voltage
values within a range comprised between a low voltage level VPBGL and a high voltage level VpBGH.
The back control gates of the pull-down transistors M31, M32 are connected to a common pull-down
back control gate to which a pull-down back gate contrbt 35signal 41NBG is applied. The pull-down
back gate control signal ill ,NBG can take voltage 13 values within a range comprised between a low
voltage level VNBGL and a high voltage level VNBGH. The sense amplifier further comprises a
pair of precharge transistors Mailca62t o ppledotenthadfirsidost Mre BR2and dirébeysecoadubit tine /BL,
respectively. and 5. af(angseh(q AEeeharclhe kg seredil g Bl /8L 10 aikdharge voltage

VF,GH, usually at tﬁe mean value between the high supply voltage VHsupoy and the low su ply
voltage Visupply. THEMedR e RNS Q5 RERYIRA TS MG S AP bulkse VAT MignNVifue, ie.
VBLH/2, since the law biandiidwmeh \VBligostueciovi snppting olidlyehéL2fsisdisuded asier iaterence for

the other voltages, i&sy Rkbifiéh, aRe 16 kO raviRly vialiegeoMivaUpRh:BY Faeulewesupply voltage
VI sup* are usually then at theg'fr. h(ieg]h and tow Yigggge level, respectively. A precharge control signal

44.01 is applied to fﬂ%ﬁésf%aseo ‘§1a|dt6?‘e‘% g{%)e {fansistors M61, M62. A sense amplifier must be turned

off to avoid any conflict b&EMTEER thic1B3RbT P 8BRS SPEF I BiNIsthe SqUREFSAJR Hiifprecharge
operations themselyetwdehistie prirfaimes taithisvstatesad-the-griitcanse aotplgfessubyeiutminghoff the

head and foot switc@ﬂgiﬁgiﬁ;dgﬁ)&%gﬂgg% t@rm&qq,g[gggg IIQatggngp]y&r_ltion, the switch transistors T10,
e, ’ |

T40 of Fig. 1 are omitte e sense amplifier turning off operation is performed b rising the 20

threshold voltddes (in absBiGte VRS #8r 1A BLhalheieh it e PRI Uh it eoh % ahdfstors M21,
M22, M31, M32 so thast saithtratsistefrsharernotrivid. dorddeting staneefor theessitagésaapgsiee during the

precharge operationf{ig.HaeshRld MalfagasiohtheRull-ye arbpubewn dansistersgidbaii, M31,
M32 with respect to theirfronJ ‘t:t?entrc%ilt atesh?é\(; Epj_ﬁet eb)éir,p{eans ftyﬁirtn?sp ctive )4 k control
0

i
25gates. Under sucﬁogca)%edﬁfbns, a SANSISorS are switc ng%l% f, I.€. rer?a%reeélﬁozc?%]ﬁa', for all

possible combinatioHsBRESItARRISIHN titeabbit RAEerPEGHYCUSh gRIRParEsfeaNiE e i¥%io3¥ble to
suppress only one ¢fghesswitele bansistats-sikth=TA0 ciadinodedthissh iseviieh transistors are preferably

amitted. The invention s igseiRed agipLrnah, 3GThEuER.al s pull yneasisiors Mal, 122 are

directly connected to a pull-up voltage source providin suppI)( voltage VHSl,g)piy, without an

a !
intermediate transist¢befivee§alns 86urOBY %é”bﬁlgﬁﬁﬂ‘gﬁsﬁgfﬁg MR Nz 3R RSP
voltage source. Cortreasistgrevit ithia7aforerdetsagitied ipriandrissend @i tmpslifitlr, (R hewdativitoh

transistor 110 is omifeslsthereysasWIHRA! IBiAURRI€D, /10, respectively. The pass-gate transistors

20 M71, M72 are used to transfer data between the first and second bit lines BL, /BL
and the first and second global bit lines 10, /10, respectively.

The first and second global bit lines IQ, /10 are connected to a further signal
processing circuit (not shown), usually referred to as a secondary sense amplifier
{SSA}, for processing the data.

25 The equalization transistor M50, the precharge transistors Mé1, M62 and the
pass-gate transistors M71, M72 in Fig. 3 are not explicitly shown as SOI devices with
back control gates. Being part of an SOI integrated circuit, they are preferably
realized as SOI transistors as well. They can be multigate transistors having at least
a first control gate and a second control gate capable of being biased in order to

30  modulate the threshold voltage of said transistor with respect to their first control
gate.

The equalization transistor M50, the precharge transistors M61, M62 and the
pass-gate transistors M71, M72 can be made on a semiconductor-on-insulator

substrate comprising a thin tayer of semiconducting material separated from a base

(5]
A

substrate by an insulating layer, wherein the second control gates are back control
gates formed in the base substrate betow the insulating layer.



35area efficient sense amplifier. 14 The sources of the pull-down transistors M31, M32 are directly
connected to a pull-down voltage source providing a low supply voltage VLsuppiy, without an
intermediate transistor between the sources of the pull-down transistors M31, M32 and the pull-down
voltage source. Comparing with the afore-described priér art 5sense amplifier, the foot switch
transistor 140 is omitted, thereby resulting in a more area efficient sense amplifier. Further, two
transistors instead of four transistors are connected in series between the pull-up voltage source and
the pull-down voltage sourseiyr thepebyive xdngotiveotosistaints drtitenmboséveltageaetaabalnps. 10The
equalization can owrt%@%mq@%%%mar%ﬁmlw%w %@@@@fﬁ@&%@&fgm@sart circuit.

In order to compensate possible leakages or unbalances W IC% result in a maII deviation
between the desire@FrEEa" @8%l¥5g‘égf’aha°ﬂ¥é°{/%fr€§§8“a%ﬁlé ee%eg TRes }!lefgugh
equalization, a prechareeedpdratioieis! a¢$@r}§ésf®¢méﬁrmﬂ@u@iﬁtﬁfeeaﬁ@ém*g@%r@ﬁ%%t@fr%emai and
15M62 as in case ofdhsysiaterefdhensstapikaiibdescribed before. The sense amplifier of Fig. 3
further comprises two pass-gate transistors M71, M72, whose gates are controlled by a decoding
control signal YDEC, said pass gate tranS|stors M71 M72 connectlng the first and second bit lines BL,
/BL, respectively, tPpesaEntiisacesndic : : [eRH29he pass-gate transistors
20M71, M72 are used to tra@sfmrdat@ bemmemfthesﬁrse earmbﬁéeorasl hlutme&-dBm fBd. arid tloev first and
second global bit lings 18 QieIPefIvValy- appl1g@?of5§§@1§@r§t%gqpﬂrﬂlloéﬂ@| Rt ANGRplPerlare

connected to a further signal processing circujt (not shown), usyall d to.as a secondary sense
e el h

amplifier (SSA)for HSHALREHR ks dAN A Hd R Jerlivdi 8?5‘{?355 & Brecharge transistors
M61, M62 and the pass- géﬁéﬂmﬁs@mmlml,trﬁmwm@nm@ﬁboﬂ@ﬁpﬁm%ﬁ&m%@m #evices
with back control gajgsuReing Bﬁ%@fsaﬁse.sgﬂpimég@Pﬁﬁe@ﬂ@éﬂbe@%ﬁr&@mmtﬂy religeria@s SOI
transistors as well. Th can be multigate tran lStO v | gat second
control gate capable oc?éelng %ZEJ % (E)? et {g 3 éﬁg%%lé%g% ééﬁﬁ% ? ?ﬁ?ﬂq% g%s%%qﬂg%mstor
with respect to theirBrst BoMits] @zﬁl@nnel devices, or with N channel dewces Sensmg may also be

15 performed by the pull-up transistors M21, M22 or by the pull-down transistors M31,

M32. in the illustrated process, sensing occurs through the puli-down transistors
M31, M32 connected to the low pull-down voltage source providing a tow supply
voltage Vigppiy-

Before time t;, the sense amplifier is operated in a latched state providing

20 complementary high and low supply voltages to the first and second bit lines BL,
/BL, depending on the previous operation.

At time to, the pult-up back gate control signal ¢esc is raised to high voltage
level Veegn 50 that the pull-up transistors M21, M22 are turned off. Simultaneously,
the pull-down back gate control signal gys; is lowered to a low voltage level Vygg, 50

25 as to turn off the pull-down transistors M31, M32.

At time ty, equalization is performed by applying a high voltage level to the
equalization control signal ¢gq to turn on the equalization transistor M50, thereby
shorting the bit lines BL, /BL and setting their voltage levels at the mean value
Vea/2.

30 At the same time, the precharge transistors M61, M62 are turned on through
the precharge control signal opcy. The Dit lines BL, /BL are thereby connected to
the precharge voltage Vpcn, set at Van/2. The related time interval corresponds to
ti<t<t; in Figs. 4a and 4b. The precharge operation compensates for possible
leakages or unbalances which may result in a small deviation between the desired



The equalization transistor M50, the precharge transistors M61, M62 and the pass-gate transistors
M71, M72 can be made on a semiconductor-on-insulator substrate comprising a thin layer of
semiconducting material separated from a base 35substrate by an insulating layer, wherein the
second control gates are back control gates formed in #fe base substrate below the insulating layer.
15 Their respective back control voltages are then chosen at values that allow their operations to
be performed. Optionally, their respective back control gates and their respective front control gates
may also be connegteditoge thtrate dchiave incleasethéranisaondoiciavrdestrasutingnasfaseBL
equalization, prech@g%ﬁp&gg{%%gmg for the sense amplifier. Operating Process of a sense amplifier
without switch transistors ~~ The operatin ‘gro_cess of a sense amplifier as illustrated in Fig. 3 is now

described. Signals that art &5t 36-Yr GEALFARE MNPHFEHIR'EE LR HMBIRTER aP¥ FONRISAERS in Figs.
4a and 4b. The depictesistimmzpisnpupetgtifliastrativestors M&S, tNé Fanetiornis! lofilbwfreeampiéHentary

N-MOS and P'MO%g@ﬂ%ﬁ&ﬁ%ﬁﬁ&%%\%@%@ﬁg%_:%%Hé?gé‘ﬁ&ﬁ’ciﬂﬁ"si%ﬁE\ QP‘EH,S%BEJ&%&Qm the _
N-MOS to P-MOS side and vice versa. For instance it is possible to prechar%e or echumbra,te the bit

tines BL, /BL with P chanAe i iceS Nt RBRHahnSPHHGIER EeRBif Mol st ha B R formed
by the pull-up transiststs/ M2k, #9122 astivgtetéo et dovasstrsansistor 4\ 3he me8Rom tak Alardrtited

pr?cess, sensing oq%g{%m?ﬂg@h éhslr@Hﬁl?ﬂ@wgtlg@nﬁisl&&rﬁéﬂ@ga%f{@zﬁﬂaﬂ@mﬁ Jgpﬂaesleﬂvtpé{lfl_-dqwn
VO tage source provjding .a Iow sup voltage supp ore time to, t sense_amplirier Is
B R A oy L 1 ot I e T D e
second bit tined)BL (B sechegdntliing dRLthEnpraliers tperalicae variftiaindd tspdralpuilibp driek gate
control signal (})pBGigaigisestéa Moty ltage levrl MpRGM s thatghe Rubhy Bdiamnsistess dWel, MU

are turned off. Simultaneo cs:llp/ ut1 e pull-down back gate control signal SNBG is lowered to a low

voltage level VNBGE §6 958€70 furn off the pull-down transistors M31, M32. At time ti,
equalization is performed PSPERHRERY ¥ AFgREU ST datreipdtiailyridased iizaRisrlco Ml ™ ar®m, to turn
on the equalization giagnsigiorava0, therehpghartingothevbit ivasBlor/Rdeand selijrguhely. vokage levels
atthe mean Val'%le Vr'élléhle/ time intervat corresponds to ti<t<iy in Figs. 4a and 4b.
If a logic “one” was stored within the cell C, i.e. the voltage initially stored

within the cell C is the high supply voltage Vuggoy, the voltage of the first bit line

BL is stightly increased. This situation is illustrated by Fig. 4a. If a logic “zero” was

stored within the cell C, i.e. the voltage initially stored within the cell C is the low
20 supply voltage Vi, the voltage of the first bit line Bl is slightly decreased. This

situation is jllustrated by Fig. 4b.

At time {4, the pull-down back gate control signal oweg 15 raised to a high
voltage {evel Vusgy that turns on the two pull-down transistors M31, M32. The
voltage difference is then amplified by the two pull-down transistors M31, M32 in a

25  similar manner as in the case of the prior art sense amplifier using bulk CMOS
technology. The related time interval corresponds to t.<t<ts in Fig. 4a and 4b.

At time is, in order to saturate the already amplified difference signal to
the full high voltage level Vg, of the high supply voltage Vi, Drovided by the
pull-up voltage source, the pull-up back gate controt signal ¢ppg is lowered to a low

30 voltage level Vpgg, turning on the pull-up transistors M21, M22.

The combination of the respective actions of the pull-down transistors M31,
M32 and the pull-up transistors M21, M22 saturates the sense amplifier and sets the
bit lines BL, /BL to the respective voltages of the pull-up voltage source and the
puti-down voltage source according to the initial value of the voltage variation AV

35  (positive or negative}.



30At the same time, the precharge transistors M61, M62 are turned on through the precharge control
signal 61,CH, The bit lines BL, /BL are thereby connected to the precharge voltage VpGN, set at
ValLH/2. The related time interval corresponds to t1<t<t2 in Figs. 4a and 4b. The precharge operation
compensates for possible leakages or unbalances whidff may result in a small deviation between the
desired 16 precharge voltage VpCH at VEQH/2 and the voltage achieved at the bit lines BL, /BL
through equalization. At time t2, after equalization and precharge are completed, the equalization
transistor M50 and prech@arge tarsisinceilsib62 arerumnediofbhy mernsdokinemargualization
control signal OEQL and.the.precharge contral signal OpcH.respectively. . t time t3 tn?l select
signal (IN/L appliedat(g) ?ﬁgvv%& Iﬁnéc\{%\_gelsvgg Q%l i iéﬁI ﬁ'eevl_élriyw%lﬁf%%%{'sﬁg F13@3/]3?@{%g)ce(faccess
transistor Mc. The rféHigigreatl (eedriehtheP RS v Bitasse’ BLrs RAPS ERE I P Haf s YR Yeltagfesouitation
variation AV appearsia tihe Begbhdt beiiBk, resultipglisdadweliage thsfaeneappatweragthd fifst bit line
BL and 10 the secog i /Bl JNENAHCoRUNSHRlack YALIRIGNAY AERaNEs ofb tReata infally

stored in the cell C in the same manner as previously described for the prior art circuit.
Depending on whet8itiegais Htedistitedin‘mEe ditidsere Volhegeorrathgr Y &othtnis
voltage variation A\fiistpasitive B nepative drespective low hepphretatest tng.inteovadedimesponds to

t3<t<t4 in Figs. 42 a0 4Bwn voithgeQBliFcORRil MR SLerRd WiliRthE: Gellfrudseedn QltRESIEHtIAIlY
stored within the cell C is the high suppl volt§§$ %Hsu * the volta%e of the first bit line BL is slightly
4

increased. This situSiRRY €O A%t e o) R4G S RETEP 9574 5% S red within the cell C, i.e. the
voltage initially! 8tored withinetkhentest of itheneelbvipthandishrverdg étvingim pBluthes Vostageddinte first bit
line BL is slightly degteaseql. drissséuatinn datilsstiaied ytkdg. bk intoAhimerhnthe pall-dewn back
gate control signal ON-,3.is raised igh.v leve h ns.on.f -down
transistors M31, M?%V. 12(3?{/“0 %}E'ea (ﬁr?egrg"e%rce'e%?ﬁfﬁazartn&%%gv%%éeg %\}vgo{sb%ﬁ%dgﬂgn;ﬁgﬁ%%{grs M31,

M32 in a 25similar HEAYEY HE iFPiRe dRBETET thEgisor Mt eealp P b &R § 3K E0RRE $8chnology.
The related time intésual wothe spatred S0 tdast4@5 ORIy odghathe dhss gateAtrdmietths M7ordet2ztbysaturate

the already amplified.diifernce:signalde bl o olpae iRustvRLEY AEHRS Sigh-2iRBbOltage
VH,"ppLy provided bééghe pull-up voltage source, the pull-up back gate control signal OpBG Is lowered

to a low 30voltage 18FEPV BB GL turning on the pull-up transistors M21, M22.
As can be seen in Figs. 4a and 4b, the related time interval corresponds to

ty<t<ty.
At time 4, in order to retain the data in the memory cell C, the cell access
20 transistor Mc is turned off by deactivating the word line WL, i.e. by setting the
select signal pw. at a low voltage leval V.
in order to write data into the cell C or to read the data stored incell C, a
high voltage level decoding control signal Ypec is applied between time t; and time
te to the gates of the pass gate transistors M71, M72 so as to turn them on. The

-2
e

voltage corresponding to the data to be written are applied to the global bit lines
10, /10.

At ty, a new cycle starts by toggling the pull-down back gate control signal
dusc @and the pull-up back gate control signal ¢ in order to turn off the sense
amplifier. At time ty, the equalization control signal ¢:q and precharge control

30 signal ¢pcgmare starting a new equalization and precharge operation.

As already mentioned, the sensing operation can be perfarmed by the pull-
up transistors M21, M22 instead of the pull-down transistors M31, M3Z. In that case,
the following back gate control signal patterns are applied to the puli-down

35 transistors M31, M32 and to the pull-up transistors M21, M22. During the sensing



The combination of the respective actions of the pull-down transistors M31, M32 and the pull-up
transistors M21, M22 saturates the sense amplifier and sets the bit lines BL, /BL to the respective
voltages of the putt-up voltage source and the pull-down voltage source according to the initial value of
the voltage variation AV 35(positive or negative). 17 18In the case depicted in Fig. 4a where a logic
"one" is stored within the cell C, a positive initial voltage variation AV on the first bit line BL is amplified
up to the saturation at the high supply voltage Wisuppjy provided by the pull-up voltage source while

th? second bit Iirlle /ﬁﬁie;i&wg@@1@@«&&;%1%;&%&%&%%&%&%&Eegﬁslagap?rstm wll-dovlvn
voltage source. In the case depijcted.in Fig. 4h where a logic ''zerq" is stored in the.ce e initia
negative voltage va?ﬁa?%ﬁ‘iteﬁgrl\efﬁg\}ﬁ%% ﬁ%g té'[nignpﬁlﬂﬁge%fjg%c)%%r ) Stﬁrteofé&igﬂ é}‘gﬁi \\;vck)]%ggEEe\/isuppLy
provided by the pullpdbwemyokzdiesaisurertivhiieniticdsedonemintinddB rddasstifegbdrep 1 #&chigh
supply voltage Vhsygpjythegyidedhvay thaspudrs Rmoliapeiserecst tRtherseniert obthereall £ds then
restored to its initial value as the word line WL is_stilt acti ..J he data is hence written back into the
memory cell C. hept%%’rt)r?te ﬁnggg %LC%'HQO %Lgr{;r% fé%%tée%%gb %R/'IOS voltage levels, avoiding any
current through the sense amplifier. These CMOS voltage levels can be easily transferred later to the
global bit lines 10, /3€ctintberabotive gpassogatiediarsiskvoss My pd/Edibytdd reactersrgt saisispass gate
transistors M71, M72 conducting by means of the decoding signal YDEC. As can be seen in Figs. 4a
and 4b, the related time interval corresponds to ts<t<t6. ... Attime t6, in order to retajn the data in
the memory cell C, the cell MBS SB i Eistor KRS TRUISER%) BB R ATHS HE WA TREWL, i
by setting the 3€lecrsithrainnentinnaitewdgsifaye tansisvars M21, MIA.ovdér M3 dviite iBatiistdee cell C or
to read the data stoigehinveehdditiohamiace pvekdacodingapntnok signal hD bedsaagmpbask between
time ts and time t6 to tug% Z%%t%stpfntsps% P gate transistors M71, M72 so as to turn them on. The
75voltage corresponalng T the data to be written are applied to the global bit tines 10, /10. At to,,
a new cycle starts by toggliffy OB RTRATIME LIS GAR RO FRr i FAIaTBeL BRRE tFERRAITAD Back gate
control signal 413G fiarthedeibteriternfofédivatsdse ciamplfiemdttme tier Hiereqprdjizb¢idiffeontres signal

QL and prechayge coatiabn the two embodiments are described.

Compared to the first embodiment, the precharge operation is performed by

the pull-up transistors M21, M22 or by the pull-down transistors M31, M3Z. Hence
the precharge transistors are constituted by the puli-up transistors M21, M22 or by
the pull-down transistors M31, M32. Dedicated precharge transistors M61, M62 as
20  shown in Fig. 3 are thus omitted in this second embodiment, so is the

corresponding precharge control signal degi.

Operating Process of a sense amplifier without switch transistors and without

dedicated precharge transistors

25 The operating process of a sense amplifier as illustrated in Fig. 5 15 now
described. Signals that are applied to or generated within the sense amplifier are
iliustrated by Figs. 6a and 6b. The depicted timing is purely illustrative. Fig. 6a
illustrates the case when a logic "one" is initially stored in the cell C, and Fig. 6b
itiustrates the case when a logic "zero” is initially stored in the cell C.

30 Only the differences with the operating process of the first embodiment are
described. Further, since the precharge transistors are preferably the puil-up
transistors M21, M22, the operating process is described with the puli-up transistors
MZ1, M22 as precharge transistors. ‘

Compared to the operating process of the first embodiment, the precharge

35  operation is performed by the pull-up transistors M21, M22. Therefore at time ty,



30signal opcii are starting a new equalization and precharge operation. As already mentioned, the
sensing operation can be performed by the pull-up transistors M21, M22 instead of the pull-down
transistors M31, M32. In that case, the following back gate control signal patterns are applied to the
pull-down 35transistors M31, M32 and to the pull-up trdffsistors M21, M22. During the sensing 18
operation, i.e. between t4 and t5, the pull-up back gate control signal (1)pr3G is set at a low voltage
level VPBGL so as to turn on the pull-up transistors M21, M22, while the pull-down back gate control
signal th the high supply voltage Vi, oNBE (ikept alledewovattagaedevatdNBGhosenas to

keep the pull-down fanslpleia Mty 3t RiP, Ol R ANELARRIALANS e her(araa by the

control signals already descri econd embodiment: no switch transistors and no dedicated
precharge transistof8 APiRisRaRdsPrREIE N tasaathHRohfiek S8t AMgAs e cbird nfolfiment 10
of the invention inclusles:éaevdranagistOie M21yMPihsidldds MB2 A2 the: itheeetar sumidh twovadictitional

dedicated passsgate, liaasigteis N 1..M{< aamhane adaiiPuat saualization HanssipeNpO/p..  The

second embodiment is similar to the first embodiment except for the further absence of dedicated

precharge transistors STHREFRFLSSh R diFR Bt P5HEtH&en the two embodiments are described.
Compared to the first embddiimerit, diepeachizreiéooperapicrticge mormddrisyatscpniieiedahsistors
M21, M22 or by the oyl ik tiansishnis NRhaMa2 iHehes e.nrgrhRieRdransisigrs asasanstituted
by the pull-up transistors%/lé%, Mﬁz or bX Ihte '#]Wor\v{\ﬂt nsistﬁ_rus I\\/,I0 %a MLS%DZll CDee(giggtt%(g&r%charge
transistors M61, ME2ALIOER RN R I’—'ﬁa.%’gé)rre us omittedCiRhie’secorma Embodinen , SO IS the
correspondinglfrecHatyjehotaes Kygiad=4PG11- Operating Process of a sense amplifier without switch
transistors and without deglicaig@pseehargasttansisiossmed ik hBeopeRatingnpescasH ot esense

amplifier as illustrated in Fig., 5 is n@ﬁ"é’%%?gF%ﬂ%éiﬁ@ﬁi%%ﬁﬁs%%ﬁg fo or generated within the
’ . 6a and 6b” The de ' IS pul

sense amplifier are illustrated by Figs picted timing is purely illustrative. Fig. 6a
illustrates the case when a logic one is initially stored in the cell C, and Fig. 6b illustrates the case
when a logic "zero" is initialyastorddnrethiecsll Che30G@ i tie differéncesithptrdapedatinghsrocess of
the first embodiment areigleseribederUMbErnSNGR e RraFhas0e trrnalsiols-are Praferaplydie pull-up

ransistors M21, M22, e OPEIRUG PSS 325 JSRal s s Pl st MRtulia2 o

transistors M31, M32 and to the pull-up transistors M21, M22. During the precharge

operation, i.e. between t; and t;, the puli-down back gate control signal ¢onss is set

at a high voltage level Vygen S0 as to turn on the pull-down transistors M31, M32,

20 while the pull-up back gate control signat dpgs is set at a high voltage level Vpgey 50
as to turn off the pull-up transistors M21, M22.

Moreover, the tow supply voltage Vi, provided by the pull-down voltage

source is raised to the desired precharge voltage so as to precharge the bit lines BL,

/BL at the precharge level, typically Vewn/2. The low supply voltage Vi 15 set at

25 the precharge tevel Vy4/2 between t; and t; and is otherwise kept at a low voltage
level VBLL'
The other operations are performed by the controt signals already described.
Third embodiment: no switch transistors and no dedicated pass-gate transistors
30

As illustrated in Fig. 7, a sense amplifier according to a third embodiment of
the invention includes four transistors M21, M22, M31, M32 for the inverters, with
two additional dedicated precharge transistors Mé1, M62 and one additional

equalization transistor M50.



Compared to the operating process of the first embodiment, the precharge 35operation is performed
by the pull-up transistors M21, M22. Therefore at time ti, 19 the high supply voltage Viisuppty of the
pull-up voltage source is lowered to a chosen precharge level, typically VBLH/2, and both pull-up
transistors M21, M22 are turned to depletion mode by 8étting the pull-up back gate control signal
ppBG to a low voltage level VPBGL The pull-up transistors M21, M22 are thereby turned on, which
5allows the charge transfer from the pull-up voltage source to the bit lines BL, /BL. This operation sets
the bit lines BL, /BL at VBidd/Znird edidieie aftaraguatzaiionsndnrechnge opemtiansiare

completed. the pullya bl gaie oniplsionaL ANDH st 1NALIG0 G IBYRAECH so 28

to turn off the pull-up transistors : up voltage source Is set back to 10its high voltage
level VBLH THEBIRER HiSeruti SR SHENBRITFMERF TR RAE- same manner as for the first embodiment,

until a new precharge opaatipardibgpnseafitimenthdisraineathe medtipreatidhds pattamge nptheation can
be performed by the 15 pull-dawa ransisiams M3} M32Msisar REAbeB R tRnsisigieMaL, Ann. In

that case, the following back gate control signal patterns are applied tq the pull-down transjstors M31,
M32 and to the pull G tPaHs ?8?§Wfif,”f\/@g.s fﬁﬁﬁsg?%gl(ﬁr%&'é}?’gg%‘ﬁﬁgﬁow}.’e'.a ev(/g Eh?and t2,
the pull-down back pptetesntiansiging Piyg@3is HedmatedighsventigtaalaioeNBGH So2ast®urn on the
pull-down transistors, M31.1Ma2 c ROvdiia e Pputhiipchrekegatediantneo) signalHd dd3esseeliag a high
oNage Jovel VB CLLS0. 85 141D SILI Rl YR (ASIEOLS MR M2 oner MOTGOURE 1R g1 SupDlY

voltage VLsuppky provided by the B, I-down voltage source is raised to the desired precharge voltage
so as to prechiffge FRMBHOENAL MBL %t e iR RHLAGY et TS REAN B 38 2 9 AE 30/ EUSply
voltage VLsuppiy iscsahadt2bthégrprachsegedevielivd3LiHH/2 Bletwdentibtamd t2cand gobtherwiseskept at a

low voltage level VBL ;Fhe pher, QRerations: ans-Resiprmediiy the caotel signalspkeady gescribed.

Third embodiment: no switch transistors and no dedicated, pass-gate transjstor
agd the first and's tﬁe sgc:omgj glc?bal lgt ﬁlnes 18, ?E]?respectﬂ%ﬁ.o S

As shown in Fig. 7, the sources of the pass-gate transistors, here the pull-up
15 transistors M21, M22, are directly connected to the first and a second global bit
tines 10, /10, respectively. The first and a second global bit lines 10, /10 then act as

a pull-up voltage source,
Should the pass-gate transistors be constituted by the pull-down transistors
M31, M32 instead of the pull-up transistors M21, M22, the pull-down transistors M31,
20 M32 would be directly connected te the first and the second global bit lines 10, /10,
respectively, and the pull-up transistors M21, M22 would be connected te a puli-up
voltage source providing a high supply voltage Vi, simitar to the previously
descriped embodiments. The first and a second gtobal bit lines 10, /10 would then

act as a puli-down voltage source.

Operating Process of a sense amplifier without switch transistors and without

dedicated pass-gate transistors

30 The operating process of a sense amplifier as illustrated in Fig. 7 is now
described. Only the differences with the operating process of the first embodiment
are described. Further, since the pass-gate transistors are preferably the pull-up
transistors M21, M22, the operating process is described with the pull-up transistors
M21, M22 as pass-gate transistors.

35 Signals that are applied to or generated within the sense amplifier are
jllustrated by Figs. 8a and 8b. The depicted timing is purely illustrative. Fig. 8a



30 As illustrated in Fig. 7, a sense amplifier according to a third embodiment of the invention
includes four transistors M21, M22, M31, M32 for the inverters, with two additional dedicated
precharge transistors M61, M62 and one additional equalization transistor M50. 20 The third
embodiment is similar to the first embodiment except fé¥ the further absence of dedicated pass-gate
transistors. Therefore, only the differences between the two embodiments are described.

Compared to the first embodiment, the read operation is performed by the pull-up transistors M21,
M22 or by the pull-d@wtritansistersdbnM3dsitienie thenpassygadestiansinieriarecensitated by the

pul-up transistors Ml 22 e by e i down ARSI M1 M32: iediaied pass-gate

transistors T71, T72 as shown in Fig. 1 are thus omitte m ment, so is the

corresponding decoding cotiiRA & HaF\eCRRerafing peasssy Ak hadkriisrbedirantitdeRAth&ddeI-up 10
transistors M21, MZZaesiftgrtherp utledsavrn¢érhhgisterspMB ip MB2svearmitiged2d ddmnepttiténgrst and

second bit lines;BL yBL.t0 therfitst gad sagoRgHieRA! biblinegakihid19SasdptRngRiAaia between
the first and the second bit lines BL, /BL and the first and the se(gond lobal bjt tines 10, ﬂ%%

respectively. As shGURHTEIGT 75 8 ourclE SPTRA BES SYRRA Traitto ¥ HaPALHRESSEI.Ih
transistors M21, M2Zsarsntindinincotiresanditompe Hirdharr@raeskedieg Gobantsiviticketgesn Oy
respectively. The firghg@nd a second global bit lines 10, /10 then act as a pull-up voltage source.

Should the pass-gate transjistors, he cpnstityied, py the pull:do [ ipstead of the
pull-up transistors M21, M2Z, %L%%u?f%%%#?érﬁ?&%%%ﬁé@ é%pﬁggggvﬁ%ﬁ %%éﬁg/%?ﬂ% gg‘ﬁrﬁﬁected to
the first and th&%secBiRPYIbHRIMIH Mo E0 Y trer100WEERe el OB PHhaNsaIIUp/ tFaRdisiSroe ed a2
would be connecteditova puhupraitage sousge, praviding 2, kighngubplynealiage Ypssappiy Semilar to the

previously describeg gpbadiments, ThadistaniadseaLalobalbislinesiia, M would then act as a

pull-down voltage source. % er%tlngPProcess of a ser?se ampli {Itﬁr without switch trgnstiﬁtogs %nd
without dedicated pass-gawf transis r%r%mﬁgrgpne%ﬁﬁra%%eesg 5?néesg‘r?§‘gearn§|f)llﬁ5r s Ndstrated in
Fig. 7 is now descrilgetodimsntheitiftbeeticba Withifies Bpefltingtipmoaesheapuhamirstiagmheptiraent are

described. Furier, siacRiteRanstoaisplyavanisiors.ars, preferably dhe ik, Wiansistars,M21, m22, the
operating process is descrjbed with the pull-yp trapsistors M2 22 ass-gate transistors.
35Signals that are applie lé())%onr"ég‘(caﬁhéggt\gar\c/jV| %ﬁl t Lé Ss((ie?fqascy \éar%%(‘\iﬂffé?'ztﬁee[}ﬁejgﬁga%g’a%f Ti‘iéss?ega and 8b.
The depicted timingds gty fl istnathis, 1oy B8R apgess transistor Mc is thus turned off. The cell

content is protected and the sense amplifier can be addressed.
Also at time i, the two global bit lines 10, /10 are kept at a high voltage
20 level, typically at or somewhat below Vg, but are turned to a higher impedance
than their previous impedance, for example by means of the so-called secondary
sense amplifier (not shown).
Two read operations performed by the sense amplifier are depicted by Figs.
8a and 8b. The first read operation occurs between £, and ¢, the second read
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operation occurs between ty and ty. However, the sense amplifier can perform
read operations as many times as necessary.

At time t,, after t,, the putl-down back gate control signal ¢ne is 5et to a
voltage level higher than its previous high voltage level Vygen. This higher voltage
tevel is able to turn both pull-down transistors M31, M32 to depletion mode.

30 Since one of the bit lines BL, /BL is at the high voltage Vyu of the pult-up
voltage source constituted by the global bit lines 10, /10, whereas the other bit line
BL, /BL is at the low voltage Vg of the tow supply voltage Vi, one of the pull-
up transistor M21, M22 has a low voltage ievel applied to its front gate whereas the

other has a high voltage level applied to its front gate.



illustrates the case when a logic one is initially stored in the cell C, and Fig 8b illustrates the case when
a logic "zero" is initially stored in the cell C. Compared to the operating process of the first
embodiment, the pass gate transistors are constituted by the pull-up transistors M21, win. The
operating 5 process before the read operation, for exarple for performing precharge, equalization,
sensing ..., are unchanged compared to the operating process in the first embodiment. The signals
may be the same for the time intervals between t0 and t6. The global bit lines 10, /10 are usually set at

Lhelhigh vgl:jage level VB%CI?fﬂ:Q t‘miméllt%ggﬂ&agﬁ%quggg.Afpwqggreﬁﬁgrgmp@kmg@stg@k; /10 can
e lowered down to t recharge voltage, e.qg..VBLH/2 during t recharge operation, i.e. between
ti and t2, to assist tlﬁ’?’gﬁ@ g’f??ﬁ‘égcﬁhn{-%kp%r?gﬁs\l_%% eLI\l)?ﬁT, %n}#? grongl%teeéiﬁré%%epe?asg}(}){ﬁs g'rrlgeperformed
in the same mannefsofGetR it BABBtAMER RRRsagtfobal bit lines 10, /10 acting as the pull-up
voltage source 15providing the Jeigiesup iy veitageiMe supply efdhesfirsi@abedsmant, amtitiime to.

At time 16, the word,ine, WL is leaglivalegh g dhasalest Hana)#is sLatiow, level YyhL, and the

cell access transistor Mc is thus turned off. The cell content |S£rotected and the sense amplifier can

be addressed. Also%4E iR GEHREWRD Y9 BIPTindSA U 1P dFaREH M4 g vVEItige 787 tvel,
typically at or somewinattielbwe \B1 Fecbud aie linengil. toculdigieerandpetdanaedtiibea thiwir prdvious
impedance, for exagpie ey MeANs 0k thegsp0-called secondary sense amplifier (not shown). Two
read operations performe the sense amplifier are depicte Figs. Ba and 8b, The first read
operation occurs between%tgp(sznV &E,g?hcg g}]eec%rrms é’e?a@jiggﬁéragt%% E?ccﬁ?lzt?)%r\}\?evg?lv " aarhd(;l% .
However, the 38nsealifskfidh Eienssepfsrhite it deriatindadiabng ipseslahdsessaryif the At time
tA, after t6, the pull-steesddackigatessontmeicigaal (IMBGUR-settiaaivaltage level highentharteits

previous high voltage level YNBGH Fhis oYt valtageileve! isAblRdRdumbaib pylkdaun jransistors
M31, M32 to depletion mode. 30 Since one of the bit lines BL, /BL is at'the high voltage VBLH of the

pull-up voltage sourd@ESHMIEEBYARE Ylobal bit lines 10, /10, whereas the other bit line BL, /BL is at
the low voltage VBLL of th#éitowostimply doitatyenvistpsty3on & Bf thdapldkiap tradsistdront2df, 22 has a

low volztgge leve) apﬂhmgch:%ﬁsﬁm% agate Wﬂegr@% %]ﬁs@&fb?rafﬁlﬁr@rﬁiﬂmﬁaﬁﬁ {ﬁ?{j&l@ﬁaﬁeﬁf@ its front
e 2 SRR e e st nen et o
in the off state. transistors M21, M2Z is conducting.
As illustrated by Figs. Ba and 8b between t, and t; and between t, and ¢,
this current generates a voltage drop associated with the global bit line through
20 which the current flows. Said voltage drop is detected by the secondary sense
amplifier (not shown) and indicates the data stored in the memory cell C. If a logic
"one” is stored in the cell C, the voltage drop is associated with first global bit line
{0. If a logic "zero" is stored in the cell C, the voltage drop is associated with the
second global bit tine /10,
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An alternate solution wherein the differential signal is based on electric
current consists in keeping the first and second global bit lines |0, /i0 at low
impedance and in detecting the current flowing through the global bit lines.

After {y, at time ty, a2 new cycle starts by toggling the puli-down back gate
control signal ¢necand the pull-up back gate control signal ¢pagin order to turn off
30  the sense amplifier. The global bit lines 1Q, /10 are turned to their initial low
impedance. New equalization and precharge operations are started.

Writing data into the cell C is done by applying the desired signal to the
global bit tines 10, /10 when the pull-up transistors M21, M22 are conducting, e.g.

between ts; and %. This can be during a dedicated cycle or within the previously

2
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described cycle.



If the voltage of the first bit line BL is at the high voltage level VBLH, and the 5 voltage of the second
bit tine /BL is at the tow voltage level VBLL, i.e. if the accessed cell stores a logic "one", the pull-up
transistor M21 with its front gate connected to the second bit line /BL would be conducting and the
other pull-up transistor M22 would be off. If the voltage I the first bit line BL is at the low voltage level
VBLL and the 10 voltage of the second bit tine /BL is at the high voltage level VBLH, i.e. if the
accessed cell stores a logic "zero", the pull-up transistor M22 with its front gate connected to the first

bit line BL would be conzu@tlnage_%aq mr@mdedpwh#nﬁe@&t?l&%zgtmu&qm@fth Raipull-down
transistors M31, M32 in de nd,one of th ull-u st 2 2 in the on state,
a current flows elthera[% Ol(}g%&fgp ?‘r]g g‘ﬂfﬁ) rﬁh 6P th tﬁgnssesconzw it t'lsr{]ﬁei /’\j{lrﬂ) aﬁ%ﬁng on which
one of the pull-up tr&ﬂ@l‘gtﬁgsbﬂﬁﬁBFMZQQEW&?HE}?”‘S e ARRSgathy w@si.ow afrmsgﬁobsetween tA
and tB and betweermsA, aig h&ﬁttﬂ&ﬁ@;ﬁﬁiﬂhgermmssa/\mltage wm&aem&e%mm glebal bit line

through 20 Wh%ﬁl w&e\r{t fggyy? §raégt 2 %]ieglr{g%lstgetecé t%)élogfa g‘%_%ﬂﬁ- pé]srearﬂ ampllfler

(not shown) an cates the data store € memory cell one" is stored fithe cell C,
the voltage drop is 4854RiAt&eH\REh vt SusaItBRTlTE AIBYIPE IRYCUS s ey e tred |ﬁ*ﬁﬁé%’€frc the

voltage drop is associgigd weith thabsegondnglobiapdilt dinedhfstors MM, aliernatemetitionagberein the

differential signal is based&m@%etra&%%@ GARSISHH BXSeRING 18 fiishand sgeand.globg|bit lines
10, /10 at tow impe ?an detectin the current flowing through the ?Iobal bit tines. After tcy,

at time t1, a new cyg‘ig Sglillln% 5 BRI 'Bﬁ?:l?rﬁ'a‘t’é“é hFbRsIgK ISR iaMd e pull-up
back gate contt®l s@ﬁéﬂmPQ@ﬁr\O@ré@m’d akkpest Mﬁé%@ﬁsenaﬁh@ﬂﬁ@rtﬁrmgmebthﬁmwalo /10 are
turned to their initialbﬁ@wda@pedameehbewewaﬂ&a@@rﬂls@nesmest&rg@tﬁw@%iam Hactary

Writing data into the, ing.th ired-signal to the global bit lines 10 /10 when
the pull-up transstorgge&icé‘dl%)(d a?gggﬁﬁggcﬁae % %big{wje]% %ﬁr ?:Ipt%gtll%ls & Béadurlng 4

dedicated cycle or vﬁlﬁﬁ??ﬁé’wmﬁﬁgd@é@ﬂfé’d cycle. Li As already mentioned, the

pass-gate transistors can be the puII -down tranS|stors M31, M32 instead of the pull-up transistors M21,

ReligrbIo e il dawn

tranS|stors M31, M3 and. e Rdly V . urlng € read operations, 1.e. 5
- - epatt-up back gate control signal 413G is set to a voltage
level lower than its prewo&é |6wwnag@ 1@\@BVRIB@3Eeﬁ5tﬂsalmne¢wltﬁg@r@veE|$cabtle tbotenth both

pull-up transistors Mdhdasdea teaeplaiientBedRiudes four transistors M21, M22, M31, M32 for the

inverters and one additional equalization transistor M50.

20 The sense amplifier of Fig. 9 comprises:
- a first CMOS inverter having an output connected to a first bit line BL and
an input connected to a second bit line /BL complementary to the first bit
line BL,

- a second CMOS inverter having an output connected to the second bit line
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/BL and an input connected to the first bit line BL,
each CMOS inverter comprising :

- a pull-up transistor M21, M22 having a drain and a source, and

- a pull-down transistor M31, M32 having a drain and a source,
the pull-up transistor M21, M22 and the pull-down transistor M31, M32 of each
30  CMOS inverter having a common drain.

in the depicted embodiment of Fig. 9, the pull-up transistors M21, M22 are
P-MOS type transistors and the pull-down transistors M31, M32 are N-MOS type
transistors.

Differing from the sense amptifier of Fig. 1, the pull-up transistors M21, M22

L
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and the pull-down transistors M31, M32 are multigate transistors, having at least a

first and a second control gate capable of being biased in order to modulate the



As the sources of the pull-down transistors M31, M32 are connected to the global bit lines 10, /JO, the
global bit lines are usually at a low voltage level Vga 10 acting as the low supply voltage, and the
current flowing through one of the global bit lines 10, /10 generates a voltage rise associated with said
global bit line and detected by the secondary sense amplifier. The other operations are performed by
the control signals already described. 15Fourth embodiment: no switch transistors, no dedicated
precharge transistors and no dedicated pass-gate transistors As illustrated in Fig. 9, a sense
amplifier accordingtie-éoeoiawsi ssplyrcineeriaatitierinventiespicludesdaus ransisiom td2EsAnn, M31,
M32 for the inverters gnd onstion sRlzalion.ansiRion P A Hhe senoe ampKigGe! Fo. 9
comprises: - a first inverter having an output connected to a ﬁrst bit line BL and an input
connected to a sec8M§ BIRYiRg IBRESRIPIEhféHary to the first bit line BL, - a second CMOS
inverter having an output Wbarmstétk torthessecard it piner 6Bk andapiffsntaceinpitatetbithe first bit
line BL, each CMOR, jp\eitei GRBRIisihe (o gy P Wlls Upaitaneisiol M LNieZ havins: a daiing a source,

and - a pull-down transistor M31, M32 having a drain a@ a saurce, . the pull-up transjstar M21, M22
and the pull-down tfaﬁslgt’SP‘ﬁ}fﬁl?i'\ﬁsErS?%%%ﬁ BRIRS irf\r;ecr%%rpﬁonducmr- Rt EE%H In the

aving a common fa
depicted embodimegtiyfatigy 9, the pull-up transistors M21, M22 are P-MOS type transistors and the

pull-down transistors M31segiB@zaasiriia ty peviansisbainresholdDisiessagriionacthesepseamplifier of
Fig. 1, the pull-up tf%ﬂéb%&%ﬁ%%gy 2e3pRckihe pul-down trRnsistars ML M3AaE muliigate

transistors, having at least a a second control gate capable of being biased in order to
modulate the P4 thFeRhBId¥8IR YR Get Y aHEsREPRAOR S PR B Fr B H B GatE e PSR example,
the first control gatesfniay besittont Tomrahgate arid¢ié secostrsatteelsgatedingnbera baskicontrol

gate. transistors to be smaller than bulk-based transistors while having an acceptable
random threshold voltage mismatch. The resulting sense amptifier consumes less
area compared to its classical bulk-based counterpart. Moreover, the size of
15 interconnects can be reduced thanks to smaller transistors.
fn a preferred embodiment, the differential sense amplifier is made on a
semiconductor-on-insulator substrate, for instance a silicon-on-insulator substrate,
comprising a thin layer of semiconducting material separated from a base substrate
by an insulating layer. The first controt gates are front control gates and the second
20 control gates are back control gates formed in the base substrate below the
insulating layer. The transistors may be fully depleted (FD} 50! transistors.
Alternatively, the transistors of the sense amplifier are FinFET-type
transistors with independent double gates. A FinFET-type transistor consists of a

thin fin which forms the active channel and surrounding control electrodes which

b2
U

form the gates of the transistor.

As a non limiting illustration, in the following description, it will be referred
to pull-up and pull-down transistors each having a front control gate and a back
control gate. As a consequence, the first control gate of each pull-up and puli-down
transistor is a front controt gate, and the second control gate of each pull-up and
30 pull-down transistor is a back control gate. Accordingly, the pull-up second control
signal is a pull-up back gate controt signal and the pull-down second controt signal
is a pull-down back gate control signal.

Turning back to Fig. 9, the back control gates of the pull-up transistors M21,
M22 are connected to a common pult-up back control gate on which a pull-up back

35 gate control signal ¢pse is applied. The pull-up back gate control signal ¢psc can



Whereas the transistors of the prior art sense amplifier are fabricated in 5 bulk silicon CMOS
technology, the transistors of the sense amplifier according to the invention are preferably fabricated in
Semiconductor-On-Insulator (Seth) technology. Se01 transistors have a Lower random threshold
voltage mismatch compared to bulk CMOS fabricated &ansistors. Random threshold voltage mismatch
mainly 10 results from a voltage deviation proportional to the square root of the active area of the
transistor. Thus, the use of Se01 transistors allows the dimensions of said transistors to be smaller
than bulk-based transistets:yéhiltiravingian eceepiabieisandetwéhneslutd slodiggeveivmated The
resulting sense ,am9'&3{&&&%@%@&'9?&%&93 compared to its classical bqu-bgsed counterpart.
Moreover, the size of Ibinterconnects can be reduced thanks to smalleé}t!rar}ﬁﬁstors. In a preferred

embodiment, the differentiAf S3K &AM BliRRERUELEL P EEHiRbHEaR Ai5teY 056 ate, for
instance a silicon-ow-insoatmmspidbitate, botkoastry sathihdaykiciot sukhidewel etk gatetertEPseparated

from a base substrajg.fy 2 [osllag AUl 6. firveeealial ases g gl conaligalasand the
second 90control gates are back control gates formed in the base substrate below the ir|§ulating layer.
%?éﬁ ?OW V? ?[ ﬁ d voilage

The transistors may BESful I8 ARB FOT RGP SRYSEr S {Eratively’ fie Transistors of the

Istors.
sense amplifier are\FHEghaypeatrariigbtvel aghheyRidpendent double gates. A FinFET-type transistor
consists of a thin fin which forms the active channel and surrounding control electrodes which 95form

the gates of the transistor As_a nen limiting |l u&};%igr&f' 3h§/gqgcgw' SoAaSSrpLQhL dt wall, be
referred to pull-up and puﬁ-(sj%%% ?r%ﬁfs%ﬂ%rrg esgcghéhavin a rr}int controll)gate and a back control gate.

As a consequéfice, HPASERORRRAY AT RUAHIF SAHATRERA HAIRIBNA BRARSSES IHSH Dhntrol gate,
and the second coriftad gapertfrerchvwitiirupardBopal-donse tmpiistor by aupsiok cfritrelngate.
Accordingly, the pullzipsacopdicoaialsigrabisagull-up back gate control signal and the pull-down
second control signal is a pull-down back gate contrgl signal . Turnipg. b to Eig. 9, the back
control gates of the pull-u Ct?ﬁ?fgf&otros%%vﬁﬁztﬁogre&ceoﬁgﬁle% eH?B?E%Fnﬂ%h%%ﬁfﬁp& ga(iaé%ntrol gate
on which a pull-up lsaeitt88gatktbenaaissimli AapBG sty Rgr 5N dtiPLfPHAeR BafestsHths! signal
4pBc can 25 take VgHagR albleswithinasange spmpiiset Opteencs [an telpgedeweld\RBGL and a

high votiage level VESGHy e NS0RCkA0MIN! #3Iss eidbe Rl apsiviors Mitaddgare

connected to a common pull-down back control gate to which a pull-down back %ate controlk signal
g

4m3G is applied. THEMBIFIARR WRitkesaRPEYAE SWigsANEORIBE SR LGS AN LgE FAIDES Vaithin a

range comprised betulesisacfovevoliagp teded WNB@L tandistanitédje Nide|igh#p theitha ¢higgtivoltage

level VNBGH- to their front control gates are raised by means of their respective back control

20 gates. Under such conditions, all four transistors are switched off, i.e. rendered
blocking, for all possible combinations of voltages on the bit lines BL and /BL.

It shali be noted that it is possible to suppress only one of the switch
transistors T10, T40, although both switch transistors are preferably omitted. The
invention is described accordingly.

25 The sources of the pull-up transistors M21, M22 are directly connected to a
first and a second global bit lines 10, /10 without an intermediate transistor. The
globat bit tines 10, /10 act as the pull-up voltage source for the puli-up transistors.
Consequently, the voltage of the giobal bit lines 10, /IO act as the high supply
voltage provided by the pull-up voltage source. Comparing with the afore-described

30  prior art sense amplifier, the head switch transistor T10 is omitted, thereby
resulting in a mare area efficient sense amplifier.

The sources of the pull-down transistors M31, M32 are directly connected to
a pull-down voltage source providing a low supply voltage Visppy, Without an
intermediate transistor between the sources of the pull-down transistors M31, M32

35 and the pull-down voltage source. Comparing with the afore-described prior art



A sense amplifier must be turned off to avoid any conflict between the 10 normal sensing operation
and the equalization and precharge operations themselves. This is performed within state-of-the-art
sense amplifiers by turning off the head and foot switch transistors T10, T40. According to the
invention, the switch transistors T10, T40 of Fig. 1 are émitted and the sense amplifier turning off
operation is performed by rising the 15 threshold voltages (in absolute values for the P channels) of
the pull-up and pull-down transistors M21, M22, M31, M32 so that said transistors are not in a
conducting state forghesvatipaes aarlieshdsrinentbemieeharge ieparatian. thorByrashetyoltages of the
pull-up and puII-downotransist 1_rs.M 1 MZZmM1 II:%MSZ with respect to their front control gates are

. re area efficient sénse a . .
raised by means of Their respective ACK CONEro Ogates. Under such conditions, all four transistors

are switched off, i.e. rendEHEH'HloEXE 2RSHSEr pBEERSIE TP RERTSHET HERSTEE BT IR HHffihes BL
and /BL. It shalldeeceateskthatiiuts passibledocuppietsoniyi-dne ol thaswitchdransisebss T10,

T40, although both syiich, YANSIRIQrS: S PLelRaRlV Al di fBRyeRLoR L descrhgdaecordingly.

The sources of the pull-up_transistors M21, M22 are directly connected to a first and a second global
bit lines 10, /10 without art HERRRAIARPEAYHEPUPRANG S5 BiEtARS 2B 51D 2P 48 &L up voltage
source for the pull-uperdipsistothe @drseyiie gt dtctochagershith egibballeitdiersol OnPeRREEs as the
high supply voltage \pﬁﬁw@@% béﬁmegpld|L-Mﬁr?]iN@&ﬂ%&%@eéﬁ%@ém&ﬁwﬂ&&h@rﬁ?fﬁ@@é@ﬂbed
30prior art sense amplifier, the head switch transistor, T1Q is, omit thereby resulting i ore area
efficient sense amprﬁéieey.&?agéﬁ'ﬁféﬁisega?cae{s% % 1@85?& év%Lthﬁgl tﬁgpse Vi lﬁ%ﬁg’?;né}érbgsfr%c?trlgg
connected to a Pull-SREAATI0D EaRfeeRStIFRENSFORN PRy P ioND STRTBISFUSIMe NaLiBpRY, tRutidenn

intermediate transisteanbetwresnitheigources of the pull-down transistors M31, M32 35and the
pull-down voltage source. (arapaging with-the afresdescabed prigiart, 2 hsensepmaliletothe foot

switch transistor T40 is omitted, thereby resulting in a more area efficient sense amplifier. Further,
two transistors instetl ot t?ﬁr’ig?s%alg dfr‘@”c%ﬁ??é%?éﬂ%%é\a%?s B%‘fciﬁgteeﬁ ﬂ{gcﬁﬁrl%f:)r%f%%r source

and the pull-down vakhgessenrcecthensyobrstaxirghbreconstrelintenm tesms diovoltadesrelationships
between the trapsist@(s.omittdgqualization can occur through the equalization transistor M50 as in case

of the state-of-the-art circyit. In order to compensate possible leakages or unbalances whi g may
result in a small deviation%%'{]\%reeg?ﬁea aé“s’frgf} 6?850 g‘P § *\l})%'ita%% %?%g %Srégﬂgése%egi rfg?/dg Yat the bit
lines BL, /BL througH theublcipalizasieiora/techaige by the pull-down transistors M31, M32. Hence

the pass-gate transistors are constituted by the pull-up transistors M21, M22 or by
the pull-down transistors M31, M32. Dedicated pass-gate transistors T71, T72 as
20 shown in Fig. 1 are thus omitted in this fourth embodiment, so is the corresponding
decoding control signal Ypzc. The pass-gate transistors constituted by the pufl-up
transistors M21, M22 or by the pull-down transistors M31, M32 are arranged to
connect the first and second bit lines BL, /BL to the first and second global bit lines
10, /10, so as to transfer data between the first and the second bit iines {BL, /BL)

[~
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and the first and the second global bit lnes 10, /10, respectively.
Further, since the pass-gate transistors are preferably the pull-up transistors
M21, M22, the fourth embodiment is described with the pull-up transistors M21,
M22 as pass-gates transistors and thus connected to the globat bit lines 10, /10.
it shall be noted that should the pass-gates transistors be constituted by the
30  pull-down transistors M31, M32, the pull-down transistors M31, M32 would be
cannected to the global bit lines 10, /IO instead.

The global bit tines 10, /10 are connected to a further signal processing
circuit (not shown), usually referred to as a secondary sense amplifier {SSA), for
processing the data. The secondary sense amplifier is in particular used for

35  detecting and exploiting a differential signai generated on the global bit lines 10,
/10 during read operations.



10operation is also performed by the pull-up transistors M21, M22 or by the pull-down transistors M31,
M32. Hence the precharge transistors are constituted by the pull-up transistors M21, M22 or by the
pull-down transistors M31, M32. Dedicated precharge transistors TM, T62 and the corresponding
precharge control signal (1)ficH as shown in Fig. 1 are 2bthus omitted. Compared to a prior art
sense amplifier, the read operation is performed by the pull-up transistors M21, M22 or by the
pull-down transistors M31, M32. Hence the pass-gate transistors are constituted by the pull-up

transistors M21, M22 or byHeqatli-zdeviisansistarsoNiBtic MBR nbesipatat, RRsSroatedrassistors T71,

TN as 20 shown in g, |31 1345 9ralted KIS vt smbadimerl sedsdlie spueshapdingdecoding

control signal YDEc. The pass-gate transistors constitu y the”putt-up transistor 2 or by
the pull-down transiStsiEsMBHoR13praferahapiyed! t5esRivE s thelfirst and second bit lines BL, /BL to
the first and second globaTtist knesiifidil Qr=seistsrtovfanséer tatabetwaer thenfiksindnctdhersecond bit
lines (BL, /BL) %5ar§qsm§t8!f§he£’c¢a@aec§,%ﬁ%@f#\§Lpaﬁh%lw%? i REMRGHY Bl sephiiilier, Since

the pass-gate transistors are preferably the pull-up transistors M21, Ann, the fourth embodiment is
described with the pUTEL LA SRS 1L SRS L Be e D SF RS AT BR R e to the
global bit lines 10, /keckcspil tetapfednedinsihsiastheiramigbetayvttandistrs niclasnstispeckby the
3|0%ul:-30\1vn transislt@mrM%zéhéaZs thﬁwwl&sda\%ﬂatmﬁ&ms MSds M%%avw&g Elﬁtfé?ﬁ?rﬁﬁtﬁéhto tlhe
global bit lines 10, /10.instead. The it.tine 10 are connected to a further signa
processing circuit (n%)tus “8@%)‘,‘%23% I)C/Orrg{éalg% %oaggs 155 iep%rétn%oﬁrgyos Ase rg%pﬁlfﬁ%;%fscgg\n?%%]
processing the! Batat CBRENSECshaEieY& MR BHSES PnBaRdHarsEd 65 S5iREdEtihd 3her exploiting
a differential signal gewéiatach dor tthe spotrabdojitifiees 10, /10 during read operations. 27 The
equalization transistor M50 in Fig. 9 is not explicitly shown as 501 device with back control gates.

Being part of an 501 integrated circuit, the equalization transistor M50 is preferably an SOI transistor
Qo D , > i i Syl ansistors, no dedicated

precharge transistors, nor dedicated pass-gate transistors

15 The operating process of a sense amplifier as itiustrated in Fig. 9 is now
described. Signals that are applied to or generated within the sense amplifier are
itlustrated by Figs. 10a and 10b. The depicted timing is purely illustrative.

The preferred operating process of the sense amplifier is shown in Figs. 10a
and 10b. As the function is built by means of complementary N-MOS and P-MOS

20 transistors, all subfunctions of the sense amplifier can be swapped from the N-MOS
to the P-MOS side and vice versa. For instance it is possibte to precharge or
equilibrate the bit lines BL, /BL with P channel devices or with N channel devices.
Sensing may also be performed by the pult-up transistors M21, M22 or by the pull-

down transistors M31, M32Z. In this illustrated process, sensing occurs through the

12
N

pull-down transistors M31, M32 connected to the pull-down source voltage
providing a low supply voltage Viuppiy-

At time t,, the pull-down back gate controt signal ¢dnes 15 lowered to a low
voltage level Vigg, S0 as to turn off the pull-down transistors M31, M32 and the pull-
30 up back gate control signal desg 15 set to a low voltage level Vg, s that the pull-up
transistors M21, M22 are turned to depletion mode. The pull-up transistors M21,

M22 are thus turned on.
Optionatly, the pull-up transistors M21, M22 and the puli-down transistors
M31, M32 can be turned off before ty, for example at t,, in order to be sure that

35  they are turned off before the equalization and precharge operations start.



5 insulator substrate comprising a thin layer of semiconducting material separated from a base
substrate by an insulating layer, wherein the second control gates are back control gates formed in the
base substrate below the insulating layer. Its back control voltage is then chosen at a value that allows
its operation to be performed. Optionally, its back conté gate and its front control gate may also be
connected 10together to achieve an increased transconductance, resulting in a faster equalization for
the sense amplifier. Operating Process of a sense amplifier without switch transistors no dedicated

precharge transistors, nongedicatss hage-gatelFansisions ol Sithe pReratng Pracesgioleacsense
amplifier as illustrated in Fig. 9 is now.described, Signals that ar ' rated within the
sense amplifier are%ﬂﬁ%?r%t%& Bﬁ/LE%smf a&aaﬁgﬁlt%%ﬁj d%%%%?e% ﬁl’%%éqp%rgﬁtﬁu%raﬁve. The
preferred operating SESE8SY 8r1HP8ENnse amplifier is shown in Figs. 10a and 10b. As the function is
built by means of complemignfany &t Stangl sdAVI0G Zadraigsistors,, allsubtupetions: afdiiecgense

amplifier can be Swepé%%grg&%gggt\t'ﬁ%gﬁM@iﬁ%@%ﬁi%e@rﬁ ViGE \RESahr s NStaneRLl is

possible to precharge or equili e bit lines BL, /BL with P channel devices or with N channel
devices. Sensing mBFEIREDEHHOMEE Yoy {he BAITER FLTG dPEERIB1C HI8H 8Py e hitr-Gown
transistors M31, M3 2gdntthisntdustrated process, sensing occurs through the 25pull-down transistors

M31, M32 connected to the puit-doWRSUHERIYRHAUS-RIAMEIRE:R DU SURRIMAOIAGRISLIRRY. At
time ti, the pull-down balck %atetgontré)l i e%é tON%goi I%W(eert%g tot a |8V\{j :\a/ﬁ)zlgﬁ%e Ig%%lr\{léliB% soasto
turn off the puII-dow%qﬁaa]r%gls?Brs W%i,o and'the pull30 up B%lc?( gaﬂe control signal e is set to
a low voltage l&el ¥pBGR Bovtiesethedghi-pittansrisisto R ML T MIZZ are RSt Rlessiedisntigode. The

pulé—urf) tran”sijtors %@,Mg&@@ggg&%ngggmm atda ﬁ?fggicg?@élgg tg\f%pwgay_p tlransistors M21, M22
and the pull-down transistors ,M32 ¢ turne efore t1, for exam t t0, in order to be
sure that 35they are turné%eo#@él}gﬂ %H%Si%’ulj|z%{t‘?osﬁtana&qb}%ghhéggé’%tpa(greatﬁgﬁ?é ?s){%tr ’al%g B Also at
time t1, the equalization céhtiolesigriakeGeles sigaeldbto 2phtiftd leviiaovaifnion Yelesriatzaidh transistor

M50 in order to initiadizg g s6luatia atiamaspednuskedesarinee: iMutanenus)ebe ghakakbit line
O e e B SRR AR Ul 2 e Pl gl oL e
Figs. 10a and 10b. line BL, resulting in a voltage difference between the first bit line BL and the
second bit line /BL. The value of this voltage variation AV depends on the data
initially stored in the cell C in the same manner as previously described for the
prior art circuit.
20 Depending on whether the data initially stored in the cell C is a logic "one’
or a logic "zero”, this voltage variation AV is positive or negative, respectively. The
related time interval carresponds to ty<t<t, in Figs. 10a and 10b.
If a logic “one” was stored within the cell C, i.e. the voltage initially stored
within the cell C is at the high voltage level Vgy of the voltage of the puil-up
25  voltage source constituted by the global bit lines 10, /IO, the voltage of the first bit
line BL is slightly increased. This situation is illustrated by Fig. 10a. If a logic “zerg”
was stored within the cell C, i.e. the voltage initially stored within the cell C is at
the low voltage tevel Vg of the supply voltage Vi, provided by the puli-down
voltage source, the voltage of the first bit line BL is slightly decreased. This
3¢ situation is illustrated by Fig. 10b.
At time t,, the pull-down back gate control signal ¢wps 15 raised to a high
voltage level Viper that turns on the two pull-down transistors M31, M32. The
voltage difference between the bit lines BL, /BL is then amplified by these two

pull-down transistors M31, M32 in a similar manner as for the state-of-the-art case.



At time t2, after equalization and precharge operations are completed, the equalization transistor M50
is turned off by setting the equalization control signal 100m__at a low level and the pull-up transistors
M21, M22 are turned off by setting the pull-up back gate control signal (PpBG at a high voltage level
\IMF!. The global bit lines 10, /10 are set back to a highZ9oltage level, typically VBLH. At time t3, the
select signal Owl_ applied to the word tine WL is set at a high level VwLH so as to activate the cell
access transistor Mc. The memory cell C and the 15 first bit line BL share their charges. A voltage
variation AV appears on tihe firakhil ling. Bluregubing ig.e-veliags difigience betweeandhe dits! bit line
BL and the second bi{[ IineABIt_. T e val\ue thlst\éo{tgge varittion '?IV depen,ds on %11e @%&Hnitially
stored in the cell C IN'the same manner a5 previotisly deseibed T8t tﬁ%tp?ngsé?fscﬂ Lit"26B88pending
on whether the datasRisil\eRtsréoeianimacsientifedibgic Toret onhilogierzefoth thie velteldesariation
AV is positive or neggiing, sesneptivelyw haratatedManenstesval werrasnengsriastdstsizi imeigs. 10a
and 10b. Ita lqgic 'ope’ I ithin the e t Init| r ighin the cell
Cis at the highgvoégl‘gﬁgggt\ﬁ/l%?sf? %tfé)tﬁ%eg‘i/%%q’eﬁ%fsﬁcwteeu%%ﬁ?gﬁeg@ﬁt&%%&%%geﬁgﬁﬁ%gby the
global bit lines 10, /i%: fRdrohishedragrelfivet %ﬁ“lf?fet'Ee!ﬂ‘él%H@Hﬂ&}?ﬁ%?é’éé‘@d@"ﬁfﬁ@eslﬁﬂ’a‘fﬂﬂ?% illustrated
by Fig. 10a. If a logieveeka!: wasistareitduitiry the geldGrdse atherdoltagetintialiy dtoabd withire the cell C
is at the low voltage, level.\(Bld«gf the éEHBB%%Q'F%QQtMEEUﬁ@X avided e _Mlaggw& upjtage
source, the voltage of the first bit line BL is slightly decreased. This 30situation is illustrated by Fig.
10b. At time th #i& pull-down back gate control signal 4N-136 is raised to a high voltage level
VNBGH that turths on the tivolpeil-Gowh wesrssiz st sviven ti321The. vottagedifferantia ibetareen the bit
Iir?es BL, /BthiS thenratn@&ggd@( tﬁ@&émpﬁﬁmxﬁ%ﬁ%ﬁt% MEhed32ra ﬁriﬂm@%?@ﬂﬂeé as for
the state-of-the-art case, LAt time th, t ull-up ate.contro|.si is red to an
intermediate voltagé ‘f(t:l\e/gll{VP'tlgé?tntktlné{%rfuvr?lﬁshgeneﬁégpgfﬂjﬁé% Rsot%?qsm/f; n%lrg b/ﬁ I@é;@;\{ fem in the
enhancement mode/°TiRgeriirsaent FitbseShdefipsrsaatshio dhthPyuRERIRNSaINYister$ha131, M32
and the pull-up transsteusd§2bl R/ satTiatasuthiesensesaneifier Bgdiset the respective voltages

of the bitines B /BL o the, gl veliaas e ek VB e pulun Yoliaan,sauqr.and g low voliage

level VBLL of the putt-down voltage source according to the initial value of the’voltage variation AV
(positive or negative). FReBheiatic i< HATE o Fie PHMBRN XE28%D fartog e B2 8Re' difred within
the cell C, i.e. the vditsigrititiniably istovbedidane tethy OF|IsuAptay titadsiyh.voltatidabe VolBigk pthe
voltage of the first bihlineBhdisRurRd 8P tosnedighwolraade el iyBLiEvef the stahaldiines 10, 110

while the voltage of [EESS% c%r&q_ﬂi]tlslisqguéﬁlﬁ i}ssqﬁ%rt?agé%%}/oghq&v‘v voltage level VBLL of the low
supply voltagez\étsupply. his situation is lustrated ig. T0a.

The corresponding time interval in gigs. 10a and 10b is ts<t<ts.

The content of the cell C is then restored to its initial value as the word line
WL is still activated and thus the cell access transistor M¢ is still conducting,
thereby connecting the memory cell C to the sense amplifier through the first bit
line BL. The two bit lines BL and /BL are saturated at CMOS voltage levels, avoiding

b2
L

any current through the sense amplifier. The data is thus written back into the
memory cetl C.

At time tg, the word line WL is deactivated, i.e. the select signal ¢w is set
at low level Vyu, and the cell access transistor Mc is thus turned off. The cell
content is protected and the sense amplifier can be addressed.

30 Read operations are performed by generating differential signals on the
global bit lines 10, /10, said sighals being exploited by the secondary sense
amplifier according to the charactenistics of said secondary sense amplifier in order
to read data. For example, if the secondary sense amplifier sets the giobal bit lines
10, /10 at relatively high impedance, the differential signal is a voltage drop



15If a logic "zero" was stored within the cell C, i.e. the voltage initially stored in the cell VCELL
corresponds to the low supply voltage Wsuppiy, the voltage of the first bit line BL is pulled down to the
low supply voltage VLsuppty, while the voltage of the second bit tine /BL is pulled up to the high
voltage level V6LH of the global bit lines 10, /10. This situation is illustrated by Fig. lob. 20The
corresponding time interval in Figs. 10a and 10b is t5<t<t6. The content of the cell C is then
restored to its initial value as the word line WL is stilt activated and thus the cell access transistor Mc is
still conducting, thegehi-igernertngdns MeRNery 6Hllihdd hessense sampildesdirpiahthestirst bit line
BL. The two bit tinegnngﬁgg /B&tgir%ssaur[?;g\%% CMOS voltage Levels, avoiding 75any current
through the sense amp |her. Re datdis thus Written back into the memory cell C. At time to, the
word line WL is deactivatédtsiaathgigelbEresrgrar e sarsscrpplibivy 1esia e lebaittiessdP access
transistor Mc is thusituenadvoimddacel] contiaffeiepratecia and theaenseanapliieigammbef
addressed. 30F§eaq,%09%gpgﬁ greperformed by generating differential signals on the global bit lines
10, /10, said signals being exploited by the secondary sense amplifier according to the characteristics
of said secondary sense it?ﬁf RO FIB AR IS8T SRRP I AL RS e the e B Rl B8R EE amplifier
sets the global bit linsare ket at rdieiveditddglicimpdapicedy thicodifferentiat itjnal Vaua bottage drop 30
associated with one.hieralababhitingse dhisisidie xamie descrned heafieansplusgijated by
Figs. 10a and 10b. an Altt%n%ti_\{%h/é ijsterégn%gcogleqlaryarsnertlﬁeragy IiSfIi%‘rN %?ts the global bit tines 10, /10
at low impedance, hedrferential signal’is'a cuWent'tﬁowiﬁg thr ugh one of 5the global bit lines.
Therefore, in the depicted ®4aifleoPSfaiaes ReIFITRS BidhaIBrsarearifiey readerkest &y 4 8igh voltage
level, typically at or gpimewhab beteviikE b dopaseituraed:to rhigherinpedanee taaarihesprevious
impedance, for exagiieunmeans aiesocallad:serruiacy, sease ATRHIRIHERL an gl A0 TwO

read operations performed by the sense amplifier are depicted by Figs. 10a and 10b. The first read
operation occurs be&ASERTEUNY 25 ALY LUBSHE MESE5EHration occurs between tA. and to. However,
the sense amplifier can peifarmereadfoperatibapal-dwamybariesass atessiyal juc iAbdiMe A, after

to, the pull-down bagk gatgscentrahsignRANEfishaslle @10 RikeRighenthar s previgus figh value
VELE,. This higher Yﬂrﬁab%?hl%\ﬂ | %sz\nblt?a%cgiytjorrr; B\g%h :R%%'i%%&é%%%sé% s M31, M32 to depletion mode.
Since one of the bit lines BL, /BL is at the high voltage Vg of the pull-up
voltage source constituted by the global bit lines 10, /10, whereas the other bit line
BL, /BL is at the low voltage Vg of the low supply voltage Vi gy, one of the puil-
20 up transistor M21, M22 has a low voltage level applied to its front gate whereas the
other has a high voltage level applied to its front gate.
Since the pull-up transistors M21, M22 are in the enhancement mode, the
pull-up transistor with a low voltage level on its front gate is in the on state, while

the other pull-up transistor is in the off state.

b2
A

If the voltage of the first bit line BL is at the high voltage levet Vg, and the

voltage of the second bit line /BL is at the low voltage level Vi, i.e. if the
accessed cell stores a logic "one", the pull-up transistor M21 with its front gate
connected to the second bit line /BL would be conducting and the other pull-up
transistor M22 would be off.
30 if the voltage of the first bit line BL is at the low voltage level Vi, and the
voltage of the second bit line /BL is at the high voltage level Vpy, i.e. if the
accessed cell stores a logic "zero”, the pull-up transistor M22 with its front gate
connected to the first bit line BL would be conducting and the other pull-up
transistor M21 would be off.

Ly
LW



Since one of the bit lines BL, /BL is at the high voltage VBLH of the pull-up voltage source constituted
by the global bit lines 10, /10, whereas the other bit line BL, /BL is at the low voltage VBLL of the low
supply voltage VLsopoiy, one of the pull- 20up transistor M21, M22 has a low voltage level applied to
its front gate whereas the other has a high voltage leveliapplied to its front gate. Since the pull-up
transistors M21, m2.2 are in the enhancement mode, the pull-up transistor with a tow voltage level on
its front gate is in the on state, white the other pull-up transistor is in the off state. 25If the voltage of
the first bit line BL is at the/ighovieliageidamel Bistdramshthezoliage letithensrieand bitdiseyizl is at the
low voltage level VKL, i.e..i e eH{ r ic "one" -Up Istgr M21 with its
front gate connected Eguﬁéngé%é%}%C@z?in%@é ?/%/%t?[ils%ét%go%a%%%ﬁtgwﬁg %&g{%tﬁgﬁé&%%%ﬁnsistor

Ann would be off. 38RO TN BF e FreBibindng /' AMRITHE 0BIED Ie%RPUBEIPY¢Rhe
voltage of the secomdaittmme MB1, 2atitherkightingltage level VBLH, i.e. if the accessed cell stores a

logic "zero", the; pull-up transigierMad s ts dEonopicanRer e dia Nedirskhiling Binyvuld be
conducting and the other uII-Ué) transistor I\{I21 would otgiglﬁll-down transistors

be off, 31 , Wi”{‘ﬁg g
M31, M32 in depletiSh MBHRP AT EHESANS BAt- A b ARSSIRIEIMAT WSS APihEToN KA %8l urrent
flows either throughhigtfitse flelsanbitine. feiorvitagecung Iitdaiected, RiePending darwkgthtone of the
pull-up transistors Mahhiilvk2 25t GRBRHEEAG indicatds iHu S etetoy e Ihenang deb beversitA and tB

d bet tA. and tiy. thi : t o | e
through which the oot T B O e B e

ns. Said voltage drop is y the secondary Sense amplifier (not
shown) and indftatdS tHer dagis st8redifrFipreHriiisryete- chi Witrge &ie is aradatht mEtEec, the
voltage drop is assaetatetiswithl tistigtobial bit line 1010. If a logic "zero" is stored in the cell C, the

voltage drop is associatedwigl dhexgecand sahal-ib ling /dRrerihalienate soluien wheigidhe
differential signal is based on electric current consists m(&ee mg the?]ﬂ{ ti{j_a?]d s on(iquLotbaI bit lines
10, 110 at low imped4HES SRe T B tbAaTE fict BErarh TS OORI UG IrE ORI i (eg 12

impedance and in detecting the current flowing through the global bit lines.
15
After tg, at time ty, a new cycle starts by toggling the pull-down back gate
control signal dnpeand the pull-up back gate control signal émacin order to turn off
the sense amplifier. The global bit lines 10, /10 are turned to their initial low
impedance. New equalization and precharge operations are started.

20 Writing data into the cell C is done by applying the desired signal to the
giobal bit lines 10, /10 when the puil-up transistors M21, MZ2 are conducting, e.g.
between ts and t,. This can be during a dedicated cycie or within the previousty
described cycle.

As already mentioned, the precharge operation can be performed by the

-2
Lh

pull-down transistors M31, M32 instead of the pull-up transistors M21, M22. In that

case, the following back gate control signal patterns are applied to the pull-down

transistors M31, M32 and to the pull-up transistors M21, M22. During the precharge

operation, i.e. between t, and t;, the pull-down back gate control signal ons is set

at a high voltage level Vysen 50 as to turn on the pull-down transistors M31, M3Z,

30  while the pull-up back gate control signal e is set at a high voltage level Veggy 50
as to turn off the pull-up transistors M21, M22.

The desired precharge voltage has to be applied to the sources of the pull-
down transistors M31, M32 so as to precharge the bit lines BL, /BL at said precharge
level, typically Vpu/2. The voltage of the pull-down voltage source te which are

35 connected the source nodes of the pull-down transistors M31, M32, is set at the



After to, at time tl, a new cycle starts by toggling the pull-down back gate control signal ONBG and the
pull-up back gate control signal apw,in order to turn off the sense amplifier. The global bit tines 10, /10
are turned to their initial low impedance. New equalization and precharge operations are started.
20Writing data into the cell C is done by applying the d&sired signal to the global bit lines 10, /10 when
the pull-up transistors M21, im22 are conducting, e.g. between ts and t6. This can be during a
dedicated cycle or within the previously described cycle. As already mentioned, the precharge
operation can be peyiarped vdhapuksawe yansigersddsl, Ma2,instaadrtihadribptransistors
M21, nA22. In that aseb rthe f HO\W]Q back gate control signal patterns are applied to the pull-down
transistors M31, M32*ahd t6the p EUip transistors M21, M22. During the precharge operation, i.e.
between t, and t2, the puI"E%%‘?%d%ﬂ@@él@"&émﬁ?ﬂ@%mﬁs@@%@?f shadarryeitae eaPYHBGH so
as to turn on the pullegiisadiransistors MN3B1, m 30while the pull-up back gate control signal BH)BG
' setat a high yoltage Ievel aB PG i WRRT Be Ul BT BOSISIARME by HR2u.  The

desired precharge voltage has t §££ ied to the sources of the pull-down transistors M31, M32 so

0
as to precharge the'Bit RIS BE MEL: é”&”fﬁ%@ﬁé’?ﬁé"l‘&%‘?%ﬁféﬁﬂf}?@ﬁﬁﬁﬂ%é’\f&ﬁéﬁ%s%f the
pull-down voltage stherdeltowvitichrake BStormmbolesddid saiteennodesapplied palltbevwalirdmsistors M31,

M32, is set at the prgahisige Meyvelseor SKéﬂﬂpkﬁeVﬁJHFU&thﬂ{Ws%ﬂ Wrzﬁlnﬂ\ﬁ anghiz HaeyaMisRgkept at
the low voltage Level VBa. The other o gﬂ‘ftlo S arg)gerfor ed b ns of the control signals

already described. §R%’%f‘?é‘a&3‘f rF?Sﬁ‘f’s%'é& e iy B2t Bgt iﬁ%ﬂﬁg’d%f e ?Jtull up
transistors M219 M22\ivsrebiasstieavel Yalbdo\eh waHEIsto thavigil- M3ﬁaﬂﬂsthﬁt’¢ébe“itmﬂ@®hﬁg back
gate control signal %ttefmsca@eﬁ@edame&@h& dowr u@ﬁtssit@r@waad\é@?eaa%& tige pUlk-up
transistors M21, M 2 nn§ t% g seng;gl%}o orsﬁ'ﬁn 'f'{%ﬁ é sté‘ an ult!'3 ru obn%cag_ egate
control signal 41pB ST St at10 %4 Tow vof’tag eve E o turn on eppu [-up transistors
M21, M22, while thé’?ﬁﬁl@@%b‘éﬁﬂ@’gﬂfé*&ﬁ%&%ﬁjﬁ@l‘@qﬁ%§%ﬂb8@ a low voltage level VNBGL so

as to keep the pull-down transistors M31, M32 in the off state. The other operations are performed by

means of the cantrol signals already deseahed. &@Aﬁa‘%@é{’é’ peRioned. fhe pags:9aig Hansistors can

be the pull-down transistors M31, M32 instead of the pullup transistors M21,"Ann. In that case, the

following back gate %6??5?6?@&?&? ﬁ&&éﬂ%&eaﬁi@%m@&&aﬁﬁ@aﬂﬁ‘a&w hsff‘gsfflrg‘ﬁﬁﬁsq\/lgfand to
the pull-up transistofrsl g MRZR.eBerirgitiot iead pideations, denlisdtivcba pAladdwBtombietareen tA,

and tu, the pull-up bagk gatesRnsahsignal pPBLAsis L8l oM Yoliaarsleveldawspdhanis peevious tow

voltage level VNBGL. This lower
9 IS@ tween i, and tp or between ty and tg, the pull-up back gate control signal dpgg 15

20 set to a voltage level lower than its previous low voltage level Vg This lower
voltage level is able to turn both pull-up transistors M21, M22 to depletion mode.

As the sources of the pull-down transistors M31, M32 are connected to the

global bit lines 1O, /10, the global bit lines are usually at a low voltage level Vg,

acting as the low supply voltage, and the differential signal associated with one of

25  the global bit lines is detected and exploited by the secondary sense amplifier as
previously described. The other operations are performed by the control signals
already described.

30

Fqualization transistor physically arranged between the putl-up transistors

in the four previously described embodiments of the invention, the
egualization transistor M50 was an N-MOS type transistor, and the equalization

35 control signal égq was controlled accordingly,



voltage level is able to turn both pull-up transistors M21, m22 to depletion mode. As the sources of
the pull-down transistors M31, M32 are connected to the global bit lines 10, 110, the global bit lines
are usually at a low voltage level VBLL acting as the low supply voltage, and the differential signal
associated with one of 25 the global bit lines is detectéd and exploited by the secondary sense
amplifier as previously described. The other operations are performed by the control signals already
described. 30 Equalization transistor physically arranged between the pull-up transistors In the
four previously described grphagiinentseatidied)vpationtibe saualizativediansisiapibRwas an

N-MOS type tra”“?i%o(?’lﬂ&'ﬂ%%‘i%?&%?&%3%%‘?@594,%%@%?5%%?(!%% &%&%ﬁ%%@ﬁg%%% 33

As previously mentioned, the function Is built by means of complementary

transistors. Therefo?8, S4{PRABFUIRCHEN S RIAHESSHRSPAMBIIR: 8cin bR dRFApRER o' tROBHNGSfe type of
transistors. For instamdshitas: pbssiblénts suibBbrate thehbitri elsvBles /B INwitinReCHevicssl devices or N

channel devices. 5 In a H&@fgrﬁ&maogﬁmemhéhe equalizaliondeansiskel P Yy aPsMQRtransistor.
As illustrated in Fig. 11, the P-

10S equalization transistor M50 can then be physically arranged
Detwoon the two PNBE b IR erd MBI 99 RobLEr W e e et 2T G
equalization transisbrimsiad aarsanged briwpeaihengrBiMS otibe RWbYpUmaDP kIR &i3to M2 RA2, MU.
10The equalization dtaasistpssVIBR earniiisbenpauidech with etsnsegoirine additionaliaseavasth regard to

the area occupied Y, é[rat;atl\{/l\/?oog:tl}<IeC)t§r A%\{ﬁﬂ‘?’r% r%sqs&ﬁgaﬁ\%@rneﬁiﬁer. Further, the equalization

transistor M50 can be a multigate transistor having t least a first control gate and a second control
gate connecteftogether SO @EIYAEIEIR HYrasher Hhsabifiud tmeeo Yiedighnus st Rualization
operation. Equalizatioditrarsistes aftangest tetvibe @rdrweoglolpaddibites thd, CMD2Enhvertdtsisfoossible to
have an equalizatiog.fangisigiarranged between the global bit tines 10, /10 instead of being arranged
between the first and second bit lines BL, /BL. This is illustrated by Fig.12 in the case of the fourth
embodiment. The equalization transistor M50 thus performs equalization on the global bit lines 10,
25/10 instead of performirigdefiakizearagratien Sienfiderpe5yBan be a multigate transistor having

15 at least a first control gate and a second control gate connected together so as to

achieve a greater transconductance, resulting in a faster equalization operation.

Equalization transistor arranged between the global bit bines 1O, /10

20

It is possible to have an equalization transistor arranged between the giobal
bit lines 10, /10 instead of being arranged between the first and second bit lines BL,
/BL. This is illustrated by Fig.12 in the case of the fourth embodiment. The
equalization transistor M50 thus performs equalization on the globat bit lines 10,

25 /10 instead of performing equalization on the bit lines BL, /BL.

The same equalization transistor M50 may therefore perform equalization
for all the sense amplifiers that share the same global bit lines 10, /1C, Moreover,
the equalization transistor M50 is no more related to a particular sense amplifier
and may be part of the upper hierarchical circuit that drives the global bit lines 10,

30 /10, As a consequence, it can be arranged at the convenience of the design,
preferably external from the repetitive sense amplifier bank. Since the equalization
transistor M50 is no more arranged within the sense amplifier circuit, it is possible
to choose either a P-MOS device or N-MOS device for the equalization transistor
MB0. Further, the sense amplifier can be smaller.



The same equalization transistor M50 may therefore perform equalization for all the sense amplifiers
that share the same global bit lines 10, /10, Moreover, the equalization transistor M50 is no more
related to a particular sense amplifier and may be part of the upper hierarchical circuit that drives the
global bit tines 10, 30 /10. As a consequence, it can bé4arranged at the convenience of the design,
preferably external from the repetitive sense amplifier bank. Since the equalization transistor M50 is no
more arranged within the sense amplifier circuit, it is possible to choose either a P-MOS device or

N-MOS device for the equalizationsiiangistes Mol SBrihes the sense Rorpltiesieantbetsmaiter. 34
Accordingly, the bit lines BL., /BL are not shorted directly b lization transistor, Jhg
equalization occurs Be \?@%aéﬁ QE(reaai}gggltk}?t]ﬁlﬁgggg%gt?%Xéﬁﬁ%%?%%ﬁgﬁgﬁ%h%ng}ﬁ%égBLO /BL
through the pass gt tiaREMRASASeT i@ Hiebil Bitatis 18- Huoxes bt RAtRETESIRFBIRENdRGe voltage
during the 5equalizgtsprabid prechidrgeéioparmtionso Iththadiiseanosgcogd estbadinhernits, the
dedicated pa555gat%&[ég§g§w§r{}4lE&W@eaggepggg,%r.ed conducting by means of the select signal
YDEC. After the equalization and precharge is completed, the pass gate transistors M71, M72 are
10turned off. In the third and fourth embodiments, the pass gate transistors are constituted by the
pull-up or the pun-down trartsrstiorss R saVeR! MBANBRThd e dedigaledirmssigrtr Sansiaipned to
depletion mode by meansrofthe-easprcdivenditage of thekmaskrertelgainsalAier treegualization
and precharge is 15 completed, the pass gate transistor. nstituted by the. pull- n pL}I -up
transistors M21, Mzezqulé‘%?f%ﬂéinga gergi}% ed 0 Wel:%%ﬁa%ﬁ)cee%ésn am%}gea rﬁ)‘/&rﬁgg@q’ c’){‘%)élar ack
control gates. They &84 ¢tet turned off as there is no signal between their gates and their sources.
The further operations ararihesamedasndesarihecemithei thirdtandhfo priksegpbo dimeniso 20ake
semiconductor me%&tﬁg@@fﬁ”ﬂﬂe@ﬂl@'w RhNSIAKGE S nsistofGRSTdIRgy IovA thid 2smect of the

invention, a semiconductor memar O incor oratir;é; a‘memor\é&ceg array 12 awd at least one sense
amplifier according B3 th&ifst ARHEY o AfiSe tRUBA S RE RORP TS TPk J °R8S PE A MERRSTS L&l array
122 is illustrated, proeithad witkhgibdakK 2anéf segrieanifilifictiuceordiigptoothe it irgspacgeofthe
glvenéion on twg of E@;ﬂﬂ@%ﬂi,tetﬁéd%&sﬁéﬁﬂgd sieinbthe snemonHcel &H@m&@%éﬁ@feviﬂetﬂ-wth arow
ecoder 126. Prefer. ]l ican rmemory 120 i Dvnamic Random, A Memory
(DRAM), but can be%?gﬁ%poétéz}%s%%%}b@}yp})dg%faﬁee%%grﬁefgf%x&agrﬁmaﬁa&r%engmo(ae by%gﬁ
of their back control gates. They are in fact turmmed off as there is no signal

between their gates and their sources. The further operations are the same as

described in the third and fourth embodiments.

20
A semiconductor memory comprising a plurality of memory celis
According to a third aspect of the invention, a semiconductor memory 120
incorporating a memory cell array 122 and at least one sense amplifier according to
the first aspect of the invention is illustrated in Fig. 13.
25 A memory cell array 122 is illustrated, provided with a bank 124 of sense

amplifier according to the first aspect of the invention on two of its opposite sides.
A third side of the memory cell array 122 is provided with a row decoder 126.
Preferably, this semiconductor memory 120 is a Dynamic Random Access
Memory (DRAM), but can be of any other suitable type of memory, for example a
30 Static Random Access Memory (SRAM).



30 Static Random Access Memory (SRAM). 35 CLAIMS 1. A differential sense amplifier for sensing
data stored in a plurality of memory cells (C) of a memory cell array, including: 5- a first CMOS inverter
having an output connected to a first bit line (BL) and an input connected to a second bit line (/BL)
complementary to the first bit line, - a second CMOS in¥erter having an output connected to the
second bit line (/K) and an input connected to the first bit tine (BL), each CMOS inverter comprising :
10- a pull-up transistor (M21, M22) having a drain and a source, and - a pull-down transistor (M31,
M32) having a drain and a source, the pull-up transisgei 21, M22) and the putt-down transistor (M31,
M32) of each CMOS inverter having a common drain, characterised in that 15the sources of the
pull-down transistors (M31, M32) are electrically coupled and connected to a pull-down voltage source,
without an intermediaté #afESRAER bEReaMMEISHirca SN RtasAAinapYistEE hBemRI2) and
the pull-down voltage seusqe) of ihecaniyces aftdie pulldipdransistors (M21, M22) are electrically

coupled 20 andscomnested ( ARRIHENGIBAR I MOHANINIEIRdAIE rAnBEIa pepween he

sources of the pull-up transistors d the pull-up voltage source ; and wherein the pull-up
(M21, M22) and the pdf’%\ﬁﬁf‘fﬁéﬁ f\ﬂ?zf)eﬁ‘é{}ﬁis!?éE(SVéee{fglrﬁEj‘l‘ﬁﬁ%?@"ﬁ%@f%@%%@h@t&ﬂ@ast a first

control gate and a secorwdseorrrol §ateiranctevHerang an output connected to the second bit line
(/BL) and an input connected to the first bit tine (BL),
each CMOS inverter comprising :
10 - a pull-up transistor (M21, M22} having a drain and a source, and
« a pull-down transistor (M31, M32) having a drain and a source,
the pull-up transistor (M21, M22) and the pull-down transistor (M31, M32) of
each CMQS inverter having a common drain,
characterised in that
i5 the sources of the pull-down transistors (M31, M32) are electrically coupled
and connected to a pull-down voltage source, without an intermediate
transistor between the sources of the pull-down transistors (M31, M32) and
the pull-down voltage source, or
the sources of the puli-up transistors (M21, M22) are electrically coupled
20 and connected to a pull-up voltage source, without an infermediate
transistor between the sources of the pull-up transistors (M21, M22) and the
pull-up voltage source ; and
wherein the pull-up (M21, M22) and the puti-down (M31, M32) transistors are

multigate transistors having at least a first control gate and a second control

25 gate, and wherein
o the second control gates of the pull-up transistors (M21, M22) are driven
by a puil-up second control signal (épeec),
o the second control gates of the pull-down transistors (M31, M32) are
driven by a pull-down secand control signal (¢nsc).
30

2. The differential sense amplifier according to claim 1, wherein the differential
sense amplifier is made on a semiconductor-on-insulator substrate comprising a
thin layer of semiconducting material separated from a base substrate by an
insulating layer, and wherein the second control gates are back control gates

35 formed in the base substrate below the insulating tayer.



0 the second control gates of the pull-up transistors (M21, M22) are driven by a pull-up second control
signal (OpBG), o the second control gates of the pull-down transistors (M31, M32) are driven by a
pull-down second control signal (liNaG). 30 2. The differential sense amplifier according to claim 1,
wherein the differential sense amplifier is made on a setiiconductor-on-insulator substrate comprising
a thin layer of semiconducting material separated from a base substrate by an insulating layer, and
wherein the second control gates are back control gates 35formed in the base substrate below the

insulating layer. 3633. Thedifietpptiaksarsamolfier asamgingiaslaimbendierpindaastsansistors are

FINFET devices with erpFe]z e%%lé?@itg\%%ﬁdﬁdmted%h %eréttlgl sense amplifier according to any

one of claims 1 to 3, further comprising an equalization transFStor'(MSO) having a source and a drain
respectively coupled to one of the first and second bit tines (BL, /BL). 5. The differential sense
amplifier according #0 dandiffevwhesebariteaagiisiiz altoordiagn sistiay Wb0) inanmnuliightésttaasistor having

at least a first cgntrol gggﬁ,m&gg gmggtﬁgwgsg@g Mﬁ%@%}agr&@ d hedifferential sense

amplifier according any one of Claims 4 to 5, wherein the equalization transistor (M50) is a P-MOS type
transistor physically ar&iRES FONGREEhE SOF-Bh R ASL IS B2 K285 Fhk differential sense

amplifier according to any one of claims 1 to 6, having a pair of precharge transistors arranged to be
respectively coupled torsaidifiestand S86oamRillnas(Blintl)«S0as IonRreshRde saigfirst and
second bit lines (BL, /BL) ta a pr e voltage, wherein said precharge transistors are 20constituted
by the pull-up transisto%g s?ip ‘\% ngra ﬁﬁﬂ%ggéuﬁ{a 3\1/5(# rir%z';laﬁé? t??riefﬁ/fgs‘al,IQS r?Eﬁ"ﬁga(&l‘?f%nr%'cntiaI sense
amplifier accortfing to #h§FERNE ePRYRIrERE IBPeHATIRRESEMRIr of pass-gate transistors arranged to
connect said first and second bit lines (BL, /BL) to a first and a second global bit lines (10, /10), so as

to transfer data betweep,the fst And iR SSRARARIL LGS (B bn/Bhl 3nc {6 st 3nditbrsarend global

bit lines (10, /10), respectivie,lzy, wherein o thg\ Das,s- atMeOtSranS|stors are c%nstltﬂted b thde pull-up
transistors (M21, MZZ)%ﬂJfBI ation transistor { yi1s &aP- type transistor physically arrange

between the pull-up transistors (M21, M22).

15

7. The differential sense amptifier according to any one of claims 1 tc 6, having a

pair of precharge transistors arranged to be respectively coupled to said first
and second bit lines (BL, /BL), so as to precharge said first and second bit lines
(BL., /BL) to a precharge voltage, wherein said precharge transistors are

20 constituted by the pull-up transistors (M21, M22} or by the puli-down transistors
{M31, M32).

8. The differential sense amplifier according to any one of claims 1 to 7, having a
pair of pass-gate transistors arranged to connect said first and second bit lines
25 (BL, /BL) to a first and a second global bit lines (10, /10), so as to transfer data
between the first and the second bit lines (BL, /BL) and the first and the second
global bit lines (10, /10), respectively, wherein
o the pass-gate transistors are constituted by the pull-up transistors
{M21, M22) and
30 ¢ the sources of the pull-down transistors (M31, M32) are electrically
coupted and connected to a pull-down voltage source, without an
intermediate transistor between the sources of the pull-down

transistors (M31, M32) and the puli-down voltage source.

35 9. The differential sense amplifier according to any one of claims 1 to 7, having a
pair of pass-gate transistors arranged to connect said first and second bit lines



30a the sources of the pull-down transistors (M31, M32) are electrically coupled and connected to a
pull-down voltage source, without an intermediate transistor between the sources of the pull-down
transistors (M31, M32) and the pull-down voltage source. 37 (BL, /BL) to a first and a second global
bit lines (10, /10), so as to transfer data between the first and the second bit lines (BL, /BL) and the
first and the second global bit lines (10, /10), respectively, wherein o the pass-gate
transistors are constituted by the putt-down 5transistors (M31, M32) and o the sources of the pull-up

transist(()jrs (M21, M22)(?[?/@@%’%@#%%‘ﬁki@'@&%@W%W(&Q(@PWld}HBd/@Jt&Q@aﬁﬁWrC@atwiltlhOUt an
intermediate transistor between t ources of the pull-up transistors 1, t -up
voltage source. 10 10.b1eﬁ“e'egﬂf£ekreen§f%| aggcn%g %fr%orﬂ#i]%]rl g(r‘%g)r%{ﬁg%@r grr%/kc%r?efcr)%%éﬁ?mg%del%%c%%jfurther
comprising a pair of pré€halrgié iidiSorCIMBPSHBEPWHERSRthe precharge transistors (M61, M62)
are multigate transistors having atheastadirsticanitobgate andwtseddydiooptibbgate connected
together. 15 115 The differential S@gﬁgﬁgppm\iﬂ qggﬁgrgigg to any one of claims 1 to 7 further
comprising a pair of pass gate transistors (M71, M72) wherein thegorechar&e transistors (M71, M72)

2
are multigate transistors havin§ af1%%&f %f—‘ﬁ?&‘%%ﬁﬂl%“@a‘{@%ﬁﬁa"és BebneEbAtFoT§atE G hnected
together. 20 12. A method for controltiag andiffereattied sengeutmplifidesscoordimgvithestyeone of claims 1

to 9 to perform operations for pre-ghatgéag ihe-RikineSEBledB ke SENSRGLANE Biiting-back data stored
in a plurality of memory cells (C) c%f am mj%?e&ﬂ(g%}(;ﬁw%[gin to modif§ the operation performed
r

by the differential sense amplifier, { %s?)uﬁﬁ p sécond con ol S|gnu§1 \('81%?%6 ARd/or the pull-down

second control Signal (1)NBG) are modified. 13. The method according to claim 12, wherein during a
precharge operationgaliendBtrputiaUpsecangitenticlsiting té4b6 )dseappliechia the Seadad control

gates of the putt-up transisiqrs (M2 MA2) 50 2L DR AU WReT MBSO iiRhe MAZ) A8 conducting

and a low pull-down second control S|ﬁgal ((kis ?éﬁ)g)lied to the second control % tes of the putt-down
- 0]

transistors (M31, M32) SR HE Bl e ARSI BS O Rn 33Y R &SP GhATEfRE !

gate and a second control gate connected together.
15
11. The differential sense amplifier according tc any one of claims t to 7 further
comprising a pair of pass gate transistors (M71, M72) wherein the precharge
transistors (M71, M72) are multigate transistors having at teast a first control
gate and a second control gate connected together.
20
12. A method for controlling a differential sense amplifier according to any one of
claims 1 to 9 to perform operations for pre-charging the bit lines {BL, /BL},
sensing and writing-back data stored in a pturality of memory cells (C) of a

memory cell array

2
L

wherein to modify the operation performed by the differential sense
amplifier, the pull-up second control signal {¢ss;) and/or the puli-down

second control signal (¢nec) are modified.

13. The method according to claim 12, wherein during a precharge operation, a low
30 pull-up second control signal (¢es) is applied to the second control gates of the
pull-up transistors (M21, M22) so that the pull-up transistors (M21, M22} are
conducting and a low pull-down second control signal {9usc) 15 applied to the
second control gates of the pull-down transistors (M31, M32) so that the pull-
down transistors (M31, M32) are not conducting.
35



38 14. The method according to claim 12, wherein during a precharge operation, a high pull-up second
control signal (46G) is applied to the second control gates of the pull-up transistors (M21, M22) so that
the pull-up transistors (M21, M22) are not conducting and a high pull-down second control signal
(ONBG) is applied to the second control gates of the p##i-down transistors (M31, M32) so that the
pull-down transistors (M31, M32) are conducting. 15. The method according to any one of claims 12 to
14, wherein during a sensing operation, a high pull-down second control signal (ONBG) is applied to
the second 10 contyal paéasahtaeaptdtdonio tetaisistarsviddsdin M@ se phatitirg poiedavem transistors

(31, M32) are condugtig a2 G Ul SGEIY COTUShsIdaL YSE 5 ealacifdig second

control gates of the pull-tip transistors (M at the pull-up transistors (M21, M22) are not
conducting. 1516. ThetRSetHbWREHSRIG th'a & Briealithe PoliyR AraRHRPE A A &hsing
operation, a low pull-degtncsrdanheantal isignali{NBGlesoap phettdbsihsabégendcemttadgates of the

pulldown wansistors (W31, M32) 50,03, e DU SRS MR B2)sP Dt and

a low pull-up second control signal (npBn) is applied to the second control gates of the pull-up
transistors 70(M21, M2 o BREISRIR-U tr ArAL RSP0 E 0B22) are conducting. 17. The method
according to any one of claims 12 to 16, wherein during a write back operation, a low pull-up second

control signal (npBG3 ig:anpliachiothetasonthapriielgatasefl thedidl-updransisians ANeiLink122) so
that the pull-up 25 transistors (M21 ﬁt{léﬁg
.

, re conducting and a high pull-down seconpd contrpl signal
(OBBG) is applied to tPE8EaRGNY g?é? 3 ?ﬂggpiﬂ -ﬁé%ﬁ?ﬁ%ﬁéjo‘?sa W%elg?\?l%% %%C?ﬁgot the
pull-down tranfstors (M8tralsRearef dbadustiney Sransinttsothds AbitrSRirtha thfePeliavgense
amplifier according to ¢laistoie ABPerorma rend epRaEaEaN aWhergirliapigh aidldawst sgeand control
signal (ONO is applied to the second control gates of the pull-down fransistor oasto
turn the pull-down tranéaf%?é-lrés(m 1?%%92%%&5)% %np e%%’rtlr?r%o é?s o tfspél?n%ﬁté%ﬂj gogrr%p(é)n%ﬁing a

differential sense amplf&h se¢br8iRg RYLIH DH5IS5RG M rasd Bheraiisih N herein a low pull-up
second control signal (OnG) is 39 applied to the second control gates of the pull-up transistors (M21,

M22) s0 as to tyn the FPH&"M&H@M%&Q{E.%’B%M&@ RALRRISHAR MOURerelh AisRENGRRGHEOr

memory (120) incorporating a memory cell array (122) Scharacterized in that it comprises at least one
differential sense amplAREF 3iceorailRy BLUP BRSSPI RIAIAS'ERY (rec) is applied to the second

control gates of the pull-down transistors (M31, M32) so that the pull-down

transistors (M31, M32) are not conducting and a low pull-up second control

signal (¢prc) s applied to the second control gates of the puli-up transistors
20 {M21, M22) so that the pull-up transistors (M21, M22) are conducting.

17. The method according to any one of claims 12 to 16, wherein during a write
back operation, a low pull-up second controt signal (¢ess) is applied to the
second control gates of the pull-up transistors (M21, M22} so that the puli-up

25 transistors (M21, M22) are conducting and a high pull-down second control
signal (dnec) is applied to the second control gates of the pull-down transistors
(M31, M32) so that the puli-down transistors (M31, M32}) are conducting.

18. A method for controlling a differential sense amplifier according to claim 8 to
30 perform a read operation, wherein a high pull-down second control signal {$nsc}
is apptied to the second control gates of the pull-down transistors (M31, M32) so

as to turn the pull-down transistors (M31, M32) into depletion mode.

19. A method for controlling a differential sense amplifier according to claim 9 to

35 perform a read operation, wherein a low pull-up second control signal {(desc) 1S



5

39

applied to the second control gates of the pull-up transistors (M21, M22) so as
to turn the pull-up transistors (M21, M22} into depletion mode.

20. A semiconductor memory {120) incorporating a memory cell array (122)
characterized in that it comprises at least one differential sense amplifier

according to any one of the claims 1 to 11.



