DIFFERENTIAL SENSE AMPLIFIER WITHOUT DEDICATED PRECHARGE TRANSISTORS FIELD
OF THE INVENTION The invention generally relates to semiconductor memories, and more
Sparticularly to a sense amplifier for sensing data stored in a plurality of memory cells of a memory cell
array. BACKGROUND OF THE INVENTION Semicontluctor memories are used in computers,
servers, handheld devices 10 such as cell phones etc., printers, and many further electronic devices
and applications. A semiconductor memory comprises a plurality of memory cells in a memory array,
each memory cell storing at iggpERENT AL IDENSE AL WRIRGIANIDICATEB SRAGOIRGEES (DRAMS)
are an example of such semiconductor memories. Tt}m&gqm@vention is preferably embodied with
DRAMSs. As a consequence, the 15following description 1S done with reference to a DRAM as a non
limiting example. A seitisd® MMpHALNYENESY to address a plurality of memory cells via a line, a
so-called bit line. The coneniigratisansaamplifietdemearesepecifidathon difieceirtialaamptifier operating
with a bit ine apd 8 campepeRIanCRILING WAIEJS UseRlRad Sleranee MfuQideiFchansrampliy the
difference in vo tagg onthe EOpalr of bit Tines. As lllustrated in Fig. 1, a conventional sense
amplifier circuit conﬁﬁ%@fmﬁfﬁ‘sﬁf@fs T21, T22,T31, T32, T10, T40, T50, T61, T62, T72, 171
fabricated in bulk silicon CMOS technology. A sense amplifier is used for sensing and writing-back
data stored in memory 25gellsrasnredEfHEANIRErRAid data and writing new data into the cells. A
memory cell C is addressed bé’ a.word line WL that con r.%ls trrhe@l:%;e %faravé:resll é:n%%séf‘dtr Qﬁ_jgstor Mc,
said cell access transistor Mt 88ﬂﬁ%8fiﬂbem°engseﬁr§ ¥8°5 Bit TAEPBLE Bor reasons 0 simplicity, only one
word line WL dAd osustimeammetyy e@saSShawintetm an Eaanarfitbay tRERERNariPEeRs @he sense
amplifier. 30A convgpjipRabeensecnmielifiatge nesatyycamprisesa -prufisstyCd @8ninvertdisHaving an
output connected i ihe bit g, Bl AR AR IRYFOOBRRICGQ:RE CAmPIPMEBIARIE fdfle - 2

. memn , : .
second CMOS inverter n ving an output connected to the complementar}/nitglt tine /BL and ar; input

connected to the bitARGPBIASSISMAMENRS SR B AHTSAGRG of such sefmiconductor memones.

The present invention is preferably embodied with DRAMs. As a consequence, the

15  following description is done with reference to a DRAM as a non limiting example.

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

20  pair of bit lines.

As illustrated in Fig. 1, a conventional sense amplifier circuit comprises
eleven transistors T21, T22, T31, T32, T10, T40, T50, Te1, T62, T72, T71 fabricated
in bulk siticon CMOS technoiogy.

A sense amplifier is used for sensing and writing-back data stored in memory

25 cells, as well as reading said data and writing new data into the cells. A memory
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.

30 A conventional sense amplifier generally comprises:

- 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 complementary

bit line /BL and an input connected to the bit line BL,

35  each CMOS inverter comprising :

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



- a pull-up transistor T21, T22 having a drain and a source, and 2 - a pull-down transistor T31, T32
having a drain and a source, the pull-up transistor T21, 122 and the pull-down transistor 131, 132 of
each CMOS inverter having a common drain. The sources of the pull-down transistors 131, 132 are
connected to a foot 5 switch transistor 140, which is itself connected to a pull-down voltage source
providing a low supply voltage VLsuppty usually at a low voltage level VBLL referred to as ground
GND, and controlled by a foot switch control signal 4Nsw. The ground level of the low supply voltage

VLsur,* is used as a referepge for e pigh yotager oualaiR NgaRRA8 gg&gp{@r In the circuit
illustrated by Fig. 1, the foot switch 10 transstoﬁgétﬁel -MOS tranS| PSP etat]c%fg ﬁS[stnch

control signal +Nswhe RHRURAERRSSIS Itdh Y4 y@nﬁﬁ%ﬁﬁr ¢ ground voltage is
transmitted to the ctwerienhswinece agoueoofdiaenpull-down tranS|stors T31, 132 When the foot switch

control signal lioNsw is lowhdRefeed syviieh glangisiot fstohlaged singrtheoansaragrsa e node of
the pull-down tr§1n5|st(%r?|1 ]t§a1 S‘It%% LF4BO'[ ]h5 ul!](?aqécs:lqun nne J %og éﬁﬁ géme‘}%w%#p @‘[%glstors 121,
1

122 are connected 108 Switch fransis RS Stself Conrected 1o a pu oltage

source providing a HF@W@D&&IFV&@&B@ V‘ﬁ'éﬁﬁ?p\ﬁlwluéﬁ‘F‘HY EhigRWoRkaerIRNE Ve e §U€H ¥ VDD,
and controlled by aRegdus¢iTNDC AR Alosigoréd pyva. Tocthenaitoudoistreitee 2fdy Fig. drotihe head

switch transistor 11 |s @ Pt QQ% tg}nﬁzyst%%\%{@n the h %gj %‘4"&%&%}{58' f%\'gﬂ%l +1m§YV\)§lJ , the head

switch transistor 11018 con tcting and the SBbly voltage VHSUpp+ is transmitted to the sources
of the pull-up transié@¥rls i the sensovaBRtEiRy cHhths St HstiatehiBn Fike heRa LRtcitdhsistor
110 is blockedignd thexsaormam is i cemusleofititerpWhep thentistamittB loddtrol 2Brist natwpisled up,

e. the voliage of the £orymon soulfe NOdaldle gl R Uaneina oLkl gaindontiage - Wher

both head and foot switch transistor 0 are turned oft switch control signal

(1)psw is high and tHENRTIESHitentba P BIRpgnsaYirR sipde RS IRV HRNYEE Tihplidér are
floating. 30The sensehamipkfitotusthehcampoisagral pigikok dedictite dgorteshary ertresisist G 161, 162

respectively couplefo fuie 1 e Bmaidd 1818 rapRlemenia e B aRCaTangad faprecharge

the bit tines BL, /BL to recﬁarge voltage Vpery, usually at the mean value between the high supply
voltage VHsuplpiy aREEIBD-supply voltage VLsupply. This mean value is usually half the high
35supply voltage VN5uPpihéiglareasuef, tlee YaL-bh Zrammstothd tow Visltatse devadoy@i toof thead3

switch transistor T10, which is itself connected to a pull-up voltage source
providing a high supply voltage Vys,py Usually at a high voltage level Vg such as
VDD, and controlied by é head switch control signal ¢psw. In the circuit illustrated

20 by Fig. 1, the head switch transistor T10 is a P-MOS transistor. When the head
switch control signal gesw is low, the head switch transistor T10 is conducting and
the high supply voltage Vi iS transmitted to the sources of the pull-up
transistors T21, T22. When the control signal ¢psw is high, the head switch
transistor T10 is blocked and the common source node of the pull-up transistors T21,

25 T22 is not pulied up, i.e. the voltage of the common source node of the pull-up
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 épsw is high and the foot switch control signal ¢nsw is
tow, all nodes in the sense amplifier are floating.

30 The sense amplifier further comprises a pair of dedicated precharge
transistors T61, T62 respectively coupled to the bit line BL and to the
complementary bit line /BL and arranged to precharge the bit lines BL, /BL to a
precharge voltage Vecy, usually at the mean value between the high supply voltage
Visuppty @nd the low supply voltage Vispy. This mean value is usually half the high

35 supply voltage Vigpy high value, i.e. Vgu/2, since the low voltage level Vg, of the



low supply voltage Wsuppty is used as a reference for the other voltages, i.e. VBLL = 0, and the high
supply voltage VHsuppLy and the low supply voltage Visuppty are usually then at their high and low
voltage level, respectively. A precharge control signal Sal is applied to the gates of said precharge
transistors T61, T62. 5The sense amplifier further comgrises an equalization transistor T50 having its
source/drain terminals respectively coupled to one of bit lines BL, /BL and having its gate controlled by
an equalization control signal enclL. The equalization transistor T50 of the circuit illustrated in Fig. 1 is

an N-MOS type tram@f}gpq}%z&%@%ﬁg@méiﬂ?écifagtg%@%aeéimﬁwgtﬂ@ﬂ' PISSYQLe gansistors
10 171, 172, the gates of which are controlled by a %I%codlnpgcontrol sgpal YDEC Each of the
it

pass-gate transistofS9 71 785 SRR RIBRR Yrme HiEIiNEs BY HBPYo R b drimiie Y830, also
called in-out line. TheepasSheitdighroidions 10t1agde ereb nengatvelnSfdarerinrtroipriael tiendit lines BL,

/BL and the global Qit tines AR/ i0uRltiesaly seasRRmPliermatectesianically necessary, from an
economical 15 goint of viis/ﬁthe sensela}mppfi%s can b(raisconsﬁidereﬁzaa%gée Vzi;%% irFCLf.i.JIE Rgvtpe memory
array and therefore as ov S5O thATRME AL S ATRL 57 the THErETICU ARG thus alfd e cost of

fabrication.  Theltsfoparcedathin cagrtiTtseapediivrle touniedntz@mehdih Bopsinplfin ¥¥such

sense amplifiers. 2@, SAORT bHe LOTIGIEEON @ cbiodtizAdRNIAON signall g, ohieceqiidbigativrention is
to propose a simplifed and tabust memery, serse AmRIer Fer e piRasey hgipyention proposes,
according to a first aspéect, a di {erential sense ampﬁ#ier 1Ot sensing data stored in a plurality of

25memory cells of a memBl§ ¥shARPLfiR GHTHE - @MPSEEMBS JRFERSE TS BaPCtbnnected
to a first bit linggandran, infatieervaested waishseeorwhtpit kidebg anaptexientantial thandirstoittank, - a

second CMOS i“VGBWEHEE%AE%%&%&RHE&?P'???}E’MOC%&&Q%Q Bit ine indian inpuEgonngeted to

the first bit line, 30each CMOS inverter comprising : - a pull-up transistor having a_ drain.and a source,
and - a pull-down tr&R8RBI HEGiy Q%rﬁ\??&%ﬁeg >BFEENH 'gﬁjﬂéﬁsﬁgﬁ’éﬁﬁi@ﬁ)’?tgﬁdﬁﬁe %ﬁllgaeown
transistor of each CM@Sdrtaster HatAbgtwveentheditdiegn BL, /BL and the global bit tines 10, /0.
Although sense amplifiers are technically necessary, from an economical
15 point of view the sense amplifiers can be considered as service circuits of the
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 simplified 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
25 memory cells of a memory cell array, including:
- 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 tine,
- a second CMOS inverter having an output connected to the second bit line and
an input connected to the first bit tine,
30 each CMOS inverter comprising :
- a puil-up transistor having a drain and a source, and
- a pull-down transistor having a drain and a source,
the pult-up transistor and the pull-down transistor of each CMOS inverter
having a common drain,
35 said sense amplifier having a pair of precharge transistors arranged to be

respectively coupled to said first and second bit lines, so as to precharge said



35said sense amplifier having a pair of precharge transistors arranged to be respectively coupled to
said first and second bit lines, so as to precharge said 4 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. Other preferred, although #on limitative, aspects of this sense amplifier
are 5as follows: - the pull-up and the pull-down transistors are multigate transistors having at least a
first control gate and a second control gate, and wherein o the second control gates of the pull-up

ransistors are driven 4 Rl 4BcSRECHE GRELeb SlopAcAAqINGASEONdARIHOLLascehi pulldoin
ITrer

transistors are driven by a pull-down secaond control signal: - the differential sense amplifier is made on
a semiconductor-on-in&d Bttggsuﬁg?ract%"%%%tﬁ sﬁ’?’g g‘%hﬁ)"lu ztif/jgr 8 résel%ﬁcrzsor?aus%’fin%‘ emgf@r'fgi%neparated
from a base substrate bgrsistitsulating layer, and wherein the second control gates are back control

gates 15formed in the bagribstrateeBelOmdhh iRGy @HRgH Ry St sdctstbe thRRSIRW EMmpLRidTiaRE T
devices with m?epenc%ept double gates; - the sense amplifier further comprises an equalization

: . as rollows? . . . o
transistor having a source and a drain respectively coupled to one of the first and second bit lines; -
the equalization trandf& @ik sdthart-EawRBRTEIATY 2ie1 St ST UBHEYP Y REAAMPY second

control gate connecigtstogetiielrgate and a second control gate, and wherein
o the second control gates of the puli-up transistors are driven by a pult-up
second control signal,
10 o the second control gates of the pull-down transistors are driven by a
pull-down second controtl signal;
- the differential sense amplifier is made on a semiconductor-on-insutator substrate
comprising a thin layer of semiconducting material separated from a base substrate
by an insutating layer, and wherein the second control gates are back control gates
15 formed in the base substrate below the insulating tayer; or
- the transistors are FinFET devices with independent double gates;
- the sense amplifier further comprises an equalization transistor having a source
and a drain respectively coupled to one of the first and second bit lines;
- the equalization transistor is a multigate transistor having at least a first control
20 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 sources of the pull-down transistors are electrically coupled and connected to
a pull-down voltage source, without an intermediate transistor between the
25  sources of the pull-down transistors and the pull-down voltage 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
putl-up transistors and the pull-up voltage source,
- the sense amplifier further comprises a pair of pass-gate transistors arranged to
30 connect said first and second bit lines to a first and a second global bit lines, so as
to transfer data between the first and the second bit lines and the first and the
second global bit lines, respectively, wherein the pass-gate transistors are
multigate transistors having at least a first control gate and a second control gate
connected together; or
35 - 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 lines, respectively, so as



- the equalization transistor is a P-MOS type transistor physically arranged between the pull-up
transistors; - the sources of the pull-down transistors are electrically coupled and connected to a
pull-down voltage source, without an intermediate transistor between the 25 sources of the pull-down
transistors and the pull-down voltage source, or the soudrces 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; - the sense amplifier further

comprises a pair ofipasssgaieansisisaiattaddu3Reennset sridiéshadersesadiitdies to a
first and a second %Iobal %t ines ?,o as to transfer dehtaré)etween the first and the second bit lines and

the first and the se Sﬁod“é B 7ltﬂltllﬁlee§’, rreesgﬁgéﬁ(\a/é[va%eirnein the pass-gate transistors are multigate
transistors having at least a first chatPabgatediianssseEcHE COMTSHEAECHIMRM P tHERTEY Sor 35- the
sense amplifier has a pair of passygate transistors arranged to connect said first and second bit lines

0 a st and a second global bt s, JGSRECHURY .85 TRRSIR! fae Deparp gest and the

second bit lines and the first and the second global ines, respectively, wherein othe pass-gate

h
transistors are constituted by the BUffi-FBPEREL 01 dhdPEH 9280 liPEa8 I Sull H500 tr&sistors are
electrically coupled and connectethtermquiidtel dransisittade boertet hwitbautcesn dhtdhmanidtdorransistor

between the sources of the pull-dgwiitiaRsisiPrRans L IBRILERERJRPEags source; or - the sense
amplifier has a pair of é)ass- ate trftnsi tors arr_ancged toc anct s§id 10 _first uaﬂd secoqd bit tines to a
t

first and a second g“lé 21560 naégpl'] ‘gbiérf.i\?e?a,"so 55 §PaRSIer data betwesn the first and the second

bit lines and the firsfishdrtheeserdhtt linsbae HififFeandasissendapbaliit dned fIfePEEEaf® Bansistors
are constituted by the puisEewatl aasiaiersiendirtbaritersossoas dfithivguindp teafisistand the
electrically coupled saerclgnd global bit lines, respectively, wherein
o the pass-gate transistors are constituted by the pull-down
transistors and
i5 o 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.

20 According to a second aspect, the invention relates to a method for
controlling a differential 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,

25 the pull-up second control 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

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

33 the second control gates of the putl-up transistors so that the pull-up transistors

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



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. 20According to a second aspect, the invention
relates to a method for controlling a differential sense amplifier according to the first aspect of the
invention to perform operations for pre-charging the bitdines, 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, 25the pull-up second control signal and/or the pull-down second control
signal are modified. se.hehpERiarabraHbUEIsRN iRERIME saSRacBQ iadwathassateras follows:
- during a precharge o erat'onf. a low pull-up second control signal is applied to 30 the second control
gates of the pull-up t?é%g?sn[olf% L'that the pull-up transistors are conducting and a low pull-down
second control signal BHEPHReERBNE EREEREPN adHELPYRAHT eropLIfaH: rﬁiﬂ%§ﬁsé‘é’%ﬁ§6 ¥at the
pull-down transistorstasesaesrpREMEHNGaRE of- theripatiadpvechesgssape ratiohsta thig pyisawm second
contro sianal is appisghif i Sespra.eanil 631G pUVIGRAD tanseagiaa.ippios gyl up

transistors are not conducting and a own second control signal is applied to the 6 second
control gates of the piif-eRAAPLFEIALR SRS PhIGE tﬂ‘élﬁmIgmﬁt?féﬁgig%&sﬂber@%%f‘faL}E?Gfbs;t?rauring a

sensing operation, a d#ighgpubrdiovtingewond control signal is applied to the second control gates of the

pull-down transistors.sg,that fheRik dp¥yasANaIHerpAlR SR duEiDBRd R Hisa Ry kgptieeond control
signal is applied to th% second control gates o;ﬂ&(‘e pull-y#trgntsistorgbrssostglat%the uII-PRH& istors are
- n

. . i .
not conducting; or - atuﬁnsgeg’g‘éncﬁrﬁ mé 5 |o°n, afO\R/url)u Bwin second co rac}I §,§ng IS applied to the

second control GatestoABEIREOWH EPaALFsE 2R% AT RS UN-RSRIE FONHoN Si8RStdsanaRkst
conducting and a towp ukpsRpancoanireasigned ishapplitdijo thaassecansocomtokigatesiodghe pull-up

transistors so that th%;@H&IgP J&?Q%ﬁ@ﬁ?tﬁ\@e conducting; - during a write back operation, a low pull-up
second control signal is applied to ’ ) . ,
- during a write back operation, a low pull-up second control signal is applied to

the second control gates of the puli-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 read operation, a high putl-down second control signal is applied to

the second control gates of the pull-down transistors so as to turn the pull-down
20 transistors into depletion mode; or

- to perform read operation, a low pull-up second control signal is apptied to the

second control gates of the pull-up transistors so as to turn the pull-up transistors

into depletion 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. 1 is 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

amplifier of the prior art;



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 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 pull-down 20transistors into depletion mode; or - to perform 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
pull-up transistors intg,deplesion madle. KRAGROMIRI M thifthasRes: hedrvartioniselatardo a
semiconductor memo%'ncorfog%t‘in% a memory. %tr(‘ell.arra .comprising at least one differential sense
amplifier according TOTRATRLt 85 GF AR AVERTIoN. T DESCRIPTION OF THE DRAWINGS
300ther aspects, obfdsts 4nenadiaititstiate sighispiaseiieinpalierb fovel IFemERS EHEP &0A8nt upon
reading the followingrgeinited @esat Rt en-airgr efessachembodiments thereof, given as non-limiting
examples, and madeyith. reference.to n aX‘f.!ﬂQﬁ' rein. .kl | gt giagram of
a sense amplifigeT: of t ':).‘l'rsi(fsr Zar%rﬂéigﬁ!:?ggs&?g%?} gsgri](lgl%strate ]s%rr‘@llg%%? ?rgezmac tgg&gpger?erated
within a sense ampRf@PHMeR Bﬁiﬂ}eaﬂf? aspeshohthe i diagram of a sense amplifier in
accordance with a firgigensbcaitridnillofthesfrighaispbet arfettrpphivetion; gePégatedanaihéh £osghsstrate
signals that are appligaliifPLaeRRRR IR IR RISERSRIABRLIfier according to the first embodiment; 5-

Fig. 5 is a circuit diagram of a sense amplifier in accordance with a second embodiment gof. the first
aspect of the invenﬁo%,g‘ ? 5 a circut n&&gram 09& sense am\;é\{lwer 10 accordeance with a 8‘\1!’d

10 embodiment of the first aspect 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 iltustrates a possible topology of a sense amplifier according to the fourth
embodiment;

15 - Fig. 10 is a circuit diagram of the sense amplifier according to the third
embodiment with an equalization transistor arranged between global bit lines.
- Fig. 11 illustrates a semiconductor memory in accordance with a third aspect of
the invention.

20 DETAILED DESCRIPTION OF THE INVENTION

The operating process of a prior art sense amplifier as illustrated in Fig, 1 is
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.

25  The depicted timing is purely illustrative.

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 level and the foot switch control signal ¢nsw to a low
voltage level. All internal nodes of the sense amplifier become floating. Prior to

30  this operation, i.e before time t;, the sense amplifier was operated in a latched
state providing complementary high and low supply voltages on the bit line BL and
the complementary bit line /BL, depending on the previous operation.

Equalization is performed by applying a high voltage level to the
equalization control signal ¢eq to turn on the equalization transistor T50, thereby

35  shorting the bit lines BL, /BL and setting their voltage levels at the mean value



- 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 120embodiment of the first aspect 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 illustrates a
possible topology of a sense amplifier according to the fourth embodiment; 15- Fig. 10 is a circuit
diagram of the sense amplifier according to the third embodiment with an equalization transistor

arranged between globa! Rit #Resma Fide LthdIHSIAIAS R 3RTNGAOFUEIRE SRR BREAFSEACE With a
third aspect of the invention. 20DETAILED DESCRIPTION OF TH INV%NTION Perating

. ) . Th
process of a prior aNSsBIRSEARTHHEF ASTR thate o in iRy 10 MOW e 8L éﬁg.esg?ﬂg%?éﬁegé that are
applied to or genera@t@dandthirviPie tireuiravkietors; skerse dhvplifieriurgectaisistansig Opefébedrare

illustrated by Figs. 2aaacha by Zphlne aRie Joitain GelPrs &b Ilvsthabieeontrol Bigis)Qpatation before

reading out a memory cell is equalization ng recharge. The sense amplifier is first turned off by
setting the head swiEABGHRPS] 5?137%[5%@%7 t%q?f'ﬁi'gh voltage level and the foot switch control signal
()Nsw to a low voltage leVet rliakiett tiag nioig¢egbteespending plifte piadintieT oad e MAEEeto 30 this
operation, i.e beforggémeidas ihenaenserpwp|ifieripyagoprrated in a latched state providing

complementary high and \au sl ollpgeRan e ine B anchite camplemenanBine /oL

depending on the previous operatiort. . izatign IS per y applying a h(ié%h voltage level to
the equalization coMtisiNsevAIEEHEdR aematPBAaten d5tuersatRR RFaFs Mt Neréb i 8590 orting the
bit lines BL, /Bi{ andweisngctieied attaigebie vieks &t théimbangrednealBafBhH/2. At the same time, the

precharge transistors T61,d G2 (R {4A6H mst&r&m&mf@r@&h@@@@a@%@fﬁ@&%@&%@& this
example, the prechargie_lzr nsistors T61, 162 are NTMO%tgpe transigtﬁfts; ence the precharge
et [ e

transistors T61, 162 & & Wﬁﬁ%ﬁmﬂ% ARV oltRg LR SPE AR Bortan Signal
ilipcm. The Sprechatige Figitatfeavphebl is VBLH/2 here.

The voltage of wordline WL is switched to a high level Vw4 so as to activate
15  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
line BL resulting in a voltage difference between the voltages of the bit lines BL,
/BL. The value of this variation compared to the reference voltage on the
complementary bit line /BL is given by the equation:
20
AV = Vg -Vipe= (Cean /201 (Ve -Vawn/2)

In this equation, Vce, is the voltage stored on the memory capacitor and ZC =Cegy +
Ca + Cinsa CoOrresponds to the sum of the capacitances of the cell C, of the bit line

25  BL, and of the input capacitance of the sense amplifier Ci,s,. This voltage variation
is also a voltage difference between the bit lines BL, /BL.

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 corresponds to ty<t<t; in Figs. 2a and 2b.

30 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 Vuuepy, the voltage of the bit line Bl is
slightly increased and the voltage variation AV becomes positive. This situation is
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 ¥y, or GND, the voltage of the bit line BL is



The related time interval corresponding to the equalization and precharge operations is given by
to<t<ti in Figs. 2a and 2b. The precharge operation compensates for possible leakages or
unbalances which may result in a small deviation between the precharge voltage VBLH/2 and the
10voltage achieved at the bit lines BL, /BL through equalization. After equalization and precharge
are completed, the precharge transistors T61, T62 and the equalization transistor 150 are turned off,
corresponding to time t1 in Figs. 2a and 2b. The voltage of wordline WL is switched to a high level

Vwth 50 as 10 activalgd e CElbaGHR I AIElgIMaioH RV BREIARG SR AT Rl BL share

their charges. A variation of the voltage appears on both the cell capacitor and the bit line BL resulting
in a voltage dlﬁereh%tﬁ%tﬁgeﬁ(rﬂﬁez%ltages of the bit tines BL, /BL. The value of this variation
compared to the referenckt Yittage the ﬂeesmnpﬁeaﬂentla@mmlﬁﬁmgh%f@%ﬁmé%q% @in: 20 AV =

VBL-V/BL= (CCELLidRe ¥ NG L NE-Fidddh s aguatisnuyNEhliie etvalieaesiniethondhe memory
capacitor and C CM. + CBL Cm,SA corres| on(illsdt0 trpersum of tl@ aézgcn nce of tr’le gell C, of
m

the bit line 25BL, oﬁﬂ‘g‘?ﬁbfﬁ”r %arl'g%nce ot he Sende §rrr’1s‘ﬁtf3 hlge\r/ Yaae variation is

also a voltage diffeF@M@etBeW@ee}Wth@BiY votage) VisBhy of t%ﬁéﬂtﬂﬁ‘g%mﬁﬁéld% datEDmitially

stored in tflle C?II C ig1andedish "aReiOliRelollic /Besee rjpmal@g eeragationAVaie ms»iwezoran@gative,

respectively. The rela dtlm interval correspo ds t t2< < 3 |n If one" was
J e e e T I e e

stored within the ceft itially’ s h|n e ce supp y vo age

VHsuppiy, the voItdﬂé‘@PYﬁ"etEﬂt‘ﬂh@'Bmé d ?@fﬁl’i‘r"ﬁ‘ﬁ?%h@%%\*ﬁjtt’ﬁ%egcﬂﬁage variation AV becomes
positive. This situation is ithsteadedcbypidd. @antcadogic therovwasisiined withiisttive T@ll, G32e. the

voliage inially storgdayihe £ Cols bl IR Ic ol a6l e e u&m@htw

decreased and the voltage varia omes negatlve This S|tuat|on |Ilustrated

At time ta, the sensIfGbHeRHh 1S AHERES I TKI G A 5Bt E\Rﬂtgﬁ&ﬁfﬁ) Hiymst %rb§ a hlgh
voltage level so as toworfasarthie fourenifingansintemithae that was already lower than the Other

one. The voltage difference between the two bit lines BL, /BL is thus amplified.

15 The related time interval corresponds to ty<t<t, in Figs. 2a and 2b.

At time t,, in order to saturate the already amplified difference signal to
the full high supply voltage Vi, the head switch transistor T10 is turned on
through the head switch controt signal ¢psw, thereby pulling up the common source
of the pull-up transistors T21, T22 towards the high supply voltage Vi of the

20 pull-up voltage source. In the same manner as for the pull down transistors T31,
T32, the cross-coupled connection of the putl-up transistors T21, T22 gives a higher
gate overdrive voltage {in absolute value} to the transistor with the lower absolute
drain-to-source voltage and vice versa. The process is comparable to the one
described for the pull-down transistors T31, 732, but here a pull-up process is

25 obtained resulting in a larger voltage difference between the two bit tines BL, /BL.

The combination of both the N channel transistors related pull down process
and the P channel transistors related pull up process, teads to an amplification of
the voltage difference between the bit lines BL, /BL until full CMOS voltage levels
are reached.

30 in the case depicted in Fig. 2a where a logic "one" is stored within the cell 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
voltage of BL equals the high supply voltage Vi, while the voltage of the
complementary bit line /BL is pulled down to the low supply voltage Visppy. In the

35  case depicted in Fig. 2b where a logic "zero” is stored in the cell C, the voltage



5 The common source node of the pull-down transistors 131, 132 is thereby pulled down to the low
supply voltage VLsuppiy of the pull-down voltage source. As the voltages on the bit lines BL, /BL are
respectively set to VBLH/2 + AV and VBLH/2, and as these voltages are applied to the gates of the
pull-down transistors 131, 132, the pull-down transistoil$ 131, 132 transistors are thus turned on.
10The cross-coupled connection of the two pull-down transistors T31, T32 gives a higher gate voltage
to the transistor with the lower drain voltage and vice versa. A higher gate voltage sinks more current
into the related trangistal R dRWiedonnfagias the carraspendingsiraie ypHaoeiaalawastageady lower

than the other one. The voltage difference between the two, bit lines BL, /BL i amplified. 15The
related time intervaY%ar?ggé%%agT(? {ﬁgg‘iﬁ&%ﬁa %%."2%3 N fZ%I.} d b]e%{\ ﬁ?néeg ’tA/f‘,ﬁl'rtlE 5%1 ﬁgéggtglljrate the

already amplified difsheheyaigerPrfdhReiuiingGh aupsevehaGE Y/ I9UBIERIY RS W awitdPf transistor

T10 is turned on thkgeglattagehsmehendtetbonrehyignalidpsvaLtereiy luling upehégoosapplyn source

of the pull-up trgnsi\%g%el@l, T22 towards the high supply voltage VHsuppiy of the 20 pull-up voltage

source. In the Same manner &< for the Pull down transistors T31, 132, the cross-couw%% i;onnection of
u

the pull-up transistors 1211¢ SOBRABLRIARFR G BY AT VSIS HA ABYE Jie U
transistor with the |@ies stisclctieatedintte-soarbie otnble amt ABcanresaturted prddéds voltsmparable
to the one describegfei tReRHzAMNY RIFAMSIBIRISeR e Ietdelisfpiar aTRElUMDE0ERSS tabebtained

resulting in a larger vtha%g di}f%%ﬁ%agetwegweth% i'%\{o hit Ilines , rlqzth.thmuggetﬁ:é)mabsisn(%gpenl of both

the N channel transﬁfgfblys HEE oW proceg’ss anaiEhe]rBScha’n ransistors related pull up

process, leadd fo atransipitic 3dion 197 the ReoapesdRid rase 8 BEttTRsisipE Bt iidd ENIHSENGHRY full
CMOS voltage levelseane searh@stodMnsibeacase depicted in Fig. 2a where a logic "one" is stored

within the cell . the voliage Jifgseiacs heAyecs, 56:bi o6 RluclAlufesHiaaarombgainiiabposiive
a

voltage variation AV is amplified until saturation is reached, so that the voltage of BL equals the high
supply voltage VHsHpBtwhile the voltage of the complementary bit line /BL is pulled down to the low
supply voltage VLsupply. M timee35dasedée pictethim tggd2h inbeccellbgithemnlbadsestdratsisiahe cell C,

the voltage 10 diffegeneq PriweendhaditiinenBine/Rborietuling frog Heaiplindegalivelvaitage
variation AV is amplified so that the f\'/'OIt% e of said bit lines BL, /BL finally stabilize with the voltage of

the bit line BL at the 3& etlo&f’ﬁ'usglﬁ)% Voltage Wsuppty and the voltage of the complementary bit
line /BL at the level of the Mighneuppline\ottageitghdrasistor TR isduteed of ity setticgishth&Prestored

to its initial value asgJae-eEtine Waisssllll Reivatedoltg: e dit firesrplisaneBliaresaisated at
CMOS voltage levels, avoiding apy current through the se litier. These CNOS leyels can be
easily transferred [at@?TS tﬂggglélga'iiﬁitFfllﬁuegom,Lﬁ@%ﬁrgﬁgﬁmgﬁ)}gsgggtéhﬁFrléﬁr:llél?stors#%% T72 by
rendering said Phasssgaiteetransistors 171, T72 conducting by means of the decoding signal YDEC.
Sirmnultaneously, the head switch transistor T10 is also turned off by setting

the head switch control signal ¢sgy at a high voltage level, thereby isolating the
common source node of the pull-up transistors T21, T22 from the pull-up voltage
source. The pull-up and pull-down transistors T31, T32, T21, T2Z are thus
25  deactivated.
At time ty, a new cycle begins with the precharge and equalization
operations as described above.
in order to write data into the cell C or to read the data stored in cell C, a
high voltage level decoding control signal Yo is applied to the gates of the pass
30  gate transistors T71, T72 so as to turn them on.

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

35



As can be seen in Figs. 2a and 2b, the related time interval corresponds to t4<t<to. At time t5, in
order to retain the data in the cell C, the cell access transistor 15Mc is turned off by deactivating the
word line WL, i.e. by applying a low voltage level to the select signal 4?wL. At time to, the foot
switch transistor T40 is turned off by setting the foot switch control signal (kNsw to a tow voltage level,
thereby isolating the common source node of the pull-down transistors T31, T32 from the pull-down
voltage 20source. Simultaneously, the head switch transistor T10 is also turned off by setting the
head switch controﬁgg%biﬁ%\éﬁt ﬂcblg&“%&@%a'a!ﬁYsFt‘J:fr;hereby isolating the common source node of
the pull-up transist ull-up voltage source. The pull-up and pull-down transistors
T31, T32, 121, T22 are tfﬂi§%H€&‘&Nb§é¥j 3,a i(-’t"ﬁ‘%naé“ﬂi fsrRarPEY o BdgmE iR B %harge and
equalization operatisnsasndesisibadabes/dour trankistord k2o, Wik dath iMEa thee tedl Bverttssiead the

data stored in cell G high veliageiavelAesading saniet sinal YREC dvapglitddathesgates of the

pass 30gate tr sistors 117]&T7%~2€an to turn.them on. {h odM?dants of a sense amplifier

according to th f|r§f %{Eﬁé%f e inven |°c))rr'1eaarc1i ‘ ogﬁlg g%%lzg &4 B%S?E?ng process when controlled by

a method in accordance witfiothdgsdcHetragine @ piieharirieantiomplit el c3edifE S HmEaersake First
embodiment: no preghasae WadsisomBL and évieiliustiaiectin Eige3havaensaranmyifiemactarding to the

frst embodiment of e, Iave g Pl uges e YPRRINOIANE MG MAL M3 doEdhgdngaers, vith

two additional pass-gate transi tors 1, M72, two additional switch 5transistors M10, M40 and one
additional equaI|zatﬁ?FFtPéﬁs‘ig'tb?%Btrans‘ﬂgrfﬂF’F‘"@df‘?fh%‘fizﬁfﬁwﬁaﬁbs% ’ﬁ?t@@ﬂ%‘g‘ﬁgntﬁﬁfﬁﬁl and for

simplicity's saké, ordytoaeiniarel line WL and one memory cell C are shown on the left hand side of the

sense amplifier. The cell Gs affessad DribenpiddingMeihat cariralsiie gatepidiggllaccess

transistor Mc, said %?e”m%%ege 1 ra&15|§tor Mgnggr?rnggﬁmgrrtg]ye gceél)g' G t%a tl?'llt IIP rst embodiment

comprises:
- a first CMOS inverter having an output connected to a first bit line Bl and
15 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,
each CMOS inverter comprising :
20 - a putl-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
CMQOS inverter having a common drain.
In the depicted embodiment of Fig. 3, the pull-up transistors M21, M22 are

[
h

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 pult-up
transistors M21, M22 and the pull-down transistors M31, M32 are multigate
transistors, having at least a first control gate and a second control gate capabte of
30 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 amplifier are fabricated in
butk silicon CMOS technology, the transistors of the sense amplifier according to
35 the invention are preferably fabricated in Semiconductor-On-insulator (5e0l)
technology.



The differential sense amplifier for sensing data stored in a plurality of memory cells C of a memory
cell array according to the first embodiment comprises: - a first CMOS inverter having an output
connected to a first bit line BL and 15an input connected to a second bit line /BL complementary to the
first bit line BL, - a second CMOS inverter having an oytput connected to the second bit line /BL and
an input connected to the first bit line BL, each CMOS inverter comprising : 20- 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 transist 21.M22.and the pull-do Istar. 3 agn MQS inverter
having a common drain. §ec6\r¥lr ﬂ%‘g Sé%%ig i 3%1:“%&iF%e#ﬁogﬁgg‘%ggtﬁg%éﬁ%gﬁg%@istorg M21, M22 are

P-MOS type transistorintMie &'Qﬂi%%tﬁaéﬁ‘éﬁférsRWngfg?%m‘-’M@%‘*tﬂﬁ%ﬂﬁéﬁbi@&ﬁ?&
Differing from the priguiastfaenacvslnapdfizvidesarjrepoatimat tthehpuluapetrasisistons MPive 22 and the

pull-down transistors; Ma1, Mdearermultigiedeapsiiers - Hawngsalisastaditheann galaiand a
second control gate capable of 30 being blaselgéap _(E)<rde to modulate the F‘hreshold voltaga% gf the

transistor with respSAES S FRsPTSARLFGARE" Ptk R BE AR e it BT R8P 39 FR ffont control
gate and the seconchedeity shrpabelhzglisecamismrticbnifor gaselting sprseremplifier tRRRSIIBTIaST the prior
art sense amplifier aredfabrigated i bik alisprIOM@SAeahrolneihe transisiers afhe:sease
amplifier according g 35the invention are preferably. ' i iconductor-On-Insulator (Se01)
technology. 12 1Oteeé o?rnaeﬁssl§F5‘r§ﬁ1Ee\%%%\?\vﬁ%atéga{%?%fggﬁg%%\%Itage_mismatch compared to
bulk CMOS fabricated tralsistiefereshgamrdinstiiohs diE{geentiriniaten ARRHRPFS MR AN & voltage
deviation propogtionahizdhtusgrareineatiak theacitee farcashitbe drsifisiston-Houistdheubsieatd, Se01

transistors allows the,dimeRsionaPhsald SHansivarsie ReEmalepinandilinbasad Yansistors while
having an acceptable random threshold volig e mismatch. The resum‘%ﬁ% ense %rr;%‘%hﬁer consumes
of |

less area compared®¥oPRI BRSPS BE KT COOHEA 85T, WiolesbsPring 8e° Fconn

{erconnects can be
reduced thanks to smuitel gatasisrerdack control gates formed in the base substrate below the

insulating layer. The transistors may be fully depleted (FD) SOI transistors.

15 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
form the gates of the transistor.

As a non limiting illustration, in the following description, it will be referred

20 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 puli-up and pull-down
transistor is a front control gate, and the second control gate of each pull-up and
pull-down transistor is a back control gate. Accordingly, the pull-up second controt
signal is a pull-up back gate controt signal and the pull-down second control signal

25  is a pull-down back gate control signal.

Turning back to Fig. 3, the back controt gates of the pull-up transistors M21,
M22 are connected to a common pull-up back control gate on which a pull-up back
gate control signal ¢esc is applied. The pull-up back gate control signal ¢pse can
take voltage values within a range comprised between a low voltage level vpg and

30 a high voltage tevel Vpggh.

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 control
signal dnsc 15 applied. The pull-down back gate control signal ¢usc can take voltage
values within a range comprised between a low voltage level Ve and a high

35  voltage ievel Vyagn.



In a preferred embodiment, the differential sense amplifier is made on a 10 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 control gates are front control
gates and the second control gates are back control gates formed in the base substrate below the
insulating layer. The transistors may be fully depleted (FD) SO! transistors, 15 Alternatively, the
transistors of the sense amplifier are FINFET-type transistors with independent double gates. A

FINFET type transistor cofgists ol g Iy HIEhPIARILEAGkYE giannel anteeiowdingcontro

electrodes which form the gates of the transistor. As a non limiting illustration, in the following

description, it will bé‘”f@‘f@ﬁ@&%"fd\'ﬁell‘ﬁﬁ%‘a IRt FAMPRRSISR R R LN ﬂé&iﬁ&%%ﬁ&%rﬁrm gate
and a back control gteupeyavebeseYupncd hthirstltagetlelejlole o ferdobtpdé tieanoupdiGEBwn

transistor is a front Spmmbwﬁp;ﬁ\pdottﬁé%%@lg @Qﬁéﬁphgateeﬁgreﬁé‘ehfau%ameﬁi m&géowuansistor is
a back control qate Al corednlsne neepuéﬁg ) S8 ongl c%natrol ??mbllss% llljé)d% 2 fgat? cgrp]trol signal
[

and the pull-down Jecon con S|gna sa pu oWn B gate contr SI hA urning back to
Fig. 3, the back corneotrghségnalf ehevplillthp Waﬁststwstm@ﬁ, Ry2gard ébﬁrfé%’t%fa Eamsiieh pull-up

back control gate opuhichra M B-hRRkAAIeEATHE| Sional QpisCsis,ARPHire; The ol wmback gate
control signal (IVBG can take voltage valuefﬁ{é l"le %} osl‘%? comp rlse between a low Xolt e level
6% B

vpsa and 30a high YEAEEINE ¥ }"Ctmg P é?%f threep I RSO SESrs M31,
M32 are connecteddeTaneo savice mﬁdﬁmm@k@mmw@mww& plinadoine fsatievgite control

signal INK is appliedq st SEhOQUNPamK a9 IRESIGaAliNGARR k&R tualsmmpithin a
range comprised between a low voltg}gﬁlevel VNBGL a}%d 'gggh 35vo| evel VNBGH. 13 The
ct’e

sources of the pull-d3WH PAAR Et&h8 °M%§r%?%%%r anf%o? Switch fhinsistor M40, which is
itself connected to a pull-do@rsasiesgel Sbarelum IGWsstpEWebItAige V@Gﬁpﬂ?cﬂqﬁbtﬁ)w b%ﬂfhge level

V511, for instance thgi@rotras GO, thailawisupaly cphaged/ isuppistiapisetas aoetarence for the
other voltage IevelsS in thq S?'T? mpllfler FSaldf @e\/gl htran |sto M4O S trq”%m: 2 foot
01

switch control signal' ONSW, SretitrmStrated by {Ni';\ﬁzwtéﬁntrangIi tor MA0 IS an

N-MOS transistdr. VWiesires %ﬁtfé‘@@!ﬁ‘@ﬂ&%@ﬁ@ﬁwﬂﬁ@f@é@%ﬁkﬁfdmﬂah%igtﬁpﬁﬁ&@“@wnducting,

and the low supply velta0e e/ hSipiés Eansan istgelat%m&s:wm@@ sestcaviiederatsibepmilsdewn
transistors M31, M32. When thef ot ﬁwgtch con rol ngna ONSW is o Rﬂht%foot swﬂclp Eﬁansstor

M40 is blocked and ?ﬁrédc%?ﬂ %nr%i SOTE SRR B %a SRR trgﬂé?gfors NIZL 58 ot pu pulled

down.  The sourced-gp thangistpis MEhrdiSto¥hRItheNo wicsienpinesicd figh, Hbadeagitvitefansistor
M10, which is itself ggraested{® @ Bwﬂﬂéa waliage aemm@wa;o@rlakgho‘aépwn@ksamwswbtsand is

controlled by Iaeag%v c@%ggngtol aI O ?s;w(t Ienv% the()h rcmt '”%&F,astg K eym & %, e hs head switch
transistor M107s a ransis or B the head Switch contro signal Opsw 1s Tow, t e head

switch transistor M1@pi&"aetiefetig dﬁ@tﬁé‘ﬂ?ﬁﬁ%upply voltage Wisuppty is transmitted to the sources
of the pull-up transistors M2der\iath MeanthioeositalisignalspSwi isahiyM4theraadesvefich. transistor

M10 is blocked and mee he%H‘EU«ﬂ@hSE’éht‘FS Q%HQ{ psw?s Fﬂ% %RJ@\@%’&&?E%tch control signal gnsw 15
low, all nodes in the sense amplifier are fioating.

25 The equalization can occur through the equalization transistor M50 as in
case of the state-of-the-art circuit. In order to compensate possible leakages or
unbalances which may result in a small deviation between the desired precharge
voltage and the voltage achieved at the bit lines BL, /BL through equalization, a
pair of precharge transistors arranged to be respectively coupled to said first and

30 second bit lines BL, /BL is provided to precharge the bit lines BL, /BL to a
precharge voliage.

The precharge transistors are constituted by the pull-up transistors M21,
MZ2 or by the pull-down transistors M31, M32. Dedicated precharge transistors Té1,
T62 and the corresponding precharge control signal ¢pcn as shown in Fig. 1 are thus
35 omitted.



20M21, M22 is not pulled up, i.e. the voltage of the common source node of the pull- up transistors
M21, M22 is floating. When both head and foot switch transistors M10 and M40 are turned off, i.e.
the head switch control signal OpSW is high and the foot switch control signal ONsw is low, all nodes
in the sense amplifier are floating. 25The equalization ¢&n occur through the equalization transistor
M50 as in case of the state-of-the-art circuit. In order to compensate possible leakages or unbalances
which may result in a small deviation between the desired precharge voltage and the voltage achieved

at the bit lines BL, /BL thigugh caualizatiess APairahAeebRfIRdIaNS BiRspavEanarn esiespectively
coupled to said first and 30 second bit tinesjl_cr éBLaiggé) ided t(grg e.chaqu,e the bcit lines BL, /BL to a
rs

r
precharge voltage. ™% 935 SRIFA B (raNLRIET4rd cons(ﬁﬂgté%y ltﬁ‘eg’??ull-ﬁb’ t%ns?gfa}%a 21, M22
or by the pull-downttemsisisto 77 2vemepsénsichectirgrant spgent fiisiors BLT @ BL TEPardvele
corresponding prechange:Gaatkelk-sHanabkapeiy RS mWIONrkigectiass thtie ganraiiedradsbtors The

sense amplifier,of Rig, 3, fLther Cs%’&‘E’Jiir‘}%%(g&%%éf&éfeeeﬁi‘ﬂéiﬁm M L Md Bivihrsagalgs are
g

controlled by a'decodifg control Signal , sald pass-gate transistors M71, M72 connecting the
first and second bitansedafirstand sesped ginbR) i HPss SRd/SRcIBsGI5M bit lines 10, /10, respectively.
The pass-gate transistorsThfidss MidZemendigedabbitadimsfe 0l a9 betwemedtel fiost &nthsesera bit lines

BL, /BL and the firs,apd geeond glahal Biblines k0aldererR8AValYa secohBatfikehandmspesd global

bit lines 10, /10 are connected to a further signal processing circuit (not shown), usually referred to as
a secondary sense BMAMFEPIESAY" (thf)l%‘ég'ssing the data. 10The equalization transistor M50 and the
pass-gate tranilstors M7ThevzRalizElgn3ransisior MRP e hshiarneate SBOdREoTEdY Wit btk ontrol
gates. Being part ofyap<S$t Blgaitesheivauil, sbeyestepraterably teatineda-ass SEinty pagistoss as well.

They can be miggl ALY AT 8 A AdhGCANRLAPIe A9 SREORACONCSaje capable

i
: : ) Td { e
of being biased in or F'to modulate the thfeshold voltage of said 15transistor with respect to their first

control gate.  TheABGEANYKIR3HE (FEanSitEss RASIALISAY FdUst S AR At aeL 159 E8h be made
on a semiconductorgaie-icepabito s bbsig diaedniprisiey sotinadalate ofiesemisbeiductitagereitenidl

separated fromaa basg, suBsAle Bypan iswatirgslaxsiryyiagtein the second control gates are back

ntrol formed in th .
control gates formed in t erhtéagqeualization transistor M50 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 substrate by an insulating layer,

wherein the second control gates are back control gates formed in the base
20 substrate below the insulating layer.

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 alsc be connected together to achieve
increased transconductance, resulting in faster equalization and decoding for the

25  sense amplifier.

Operating Process of a sense amplifier without dedicated precharge transistors

The operating process of a sense amplifier as illustrated in Fig. 3 is now

described. Signals that are applied to or generated within the sense amplifier are
30 illustrated in Figs. 4a and 4b. The depicted timing is purely illustrative.

The preferred operating process of the sense amplifier is shown in Figs. 4a
and 4b. As the function is built by means of complementary N-MOS and P-MOS
transistors, all subfunctions of the sense amplifier can be swapped from the N-MOS
to P-MOS side and vice versa. For instance it is possible to precharge or equilibrate

35 the bit lines BL, /BL with P channel devices or with N channel devices. Sensing may

also be performed by the pull-up transistors M21, MZ2 or by the pull-down



20substrate below the insulating layer. 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 connected together to achieve increased
transconductance, resulting in faster equalization and dgcoding for the 25sense amplifier. Operating
Process of a sense amplifier without dedicated precharge transistors The operating process of a
sense amplifier as illustrated in Fig. 3 is now described. Signals that are applied to or generated within

the sense amplifier are 30illusirated.in Eigs, 4 T epi iming. ty illusgrative.
The preferred opergf?r?alsp%%géz’y%g?e E‘gﬁése%%%%%gr s%%eg%ndgrﬁglgégy élag Sa%n!g%? As t%} function is

built by means of cRlSRENERE NS L RNPENRIS I RUBIOUN RIBFEAIEREE BIAHE R Ase
amplifier can be swappagdtpmitageNIMOS to P-MOS side and vice versa. For instance it is possible to

precharge or equilibrate 3gthesRit inesBln BkMith-Rarlooneh davicss Qe My eiianmsd dayices.
Sensing may also be performed by the Pull-u transjstors MZl, M22 orttt%g tp%sgualllﬁgcei\ﬁnr 15astran5|stors
M31, M32. In this illﬂr&?%?é%f‘p%@és%‘f LR %t&rhré‘?hrgﬁ Wt }amﬁuﬂ’-’down TRRSTABIS T\/Ié'i, M32

connected to the pulbersiad dourdetdisicasiatprovitidigsn oW smspiyvVorad supPPYupBiageTedirst

operation before reagin@wwyligpHeoeRe Gell s efluaizatioanand emreshanrgs BErimLIodepsapgration, i.e.
before time to, the sense amplifier operated in a latched state providing complementary high
supply voltage Wisﬁpgi%%)ewﬁ%%%o y%%ﬁ@ige Visuppiy to the first and second bit lines BL, /BL,

depending on the previoudtop@fatiorihe foot swichniengsipe WP isRR AR OS RSERNEFRE 9ed off by
setting the foot A Oswititbhcomital signal NSVMtak ddevwainligeg deleie thdrebe biyolstiisginbettercmommon

source node of the pyl- Owaaégp%?é%aamw%y&ms%p,uuxﬁip%moéﬂagguﬁ%&ﬁ bigetow

supply voltage Vi_supply. imultaneously, the head switch transistor M10 is also turned off by

|
setting the head swittHCothfOF ShSHARYRIEES Yitgritevel, thereby isolating the common

Simultaneously, the head switch transistor M10 is also turned off by setting

the head switch control signal ¢psw at a high level, thereby isolating the common
15  source node of the pull-up transistors M21, M22 from the puli-up voltage source at
the low supply voltage Vigpy-

Also at time t;, the pull-up back gate control signal ¢pse is raised to a high
voltage level Vpagn to increase in absolute value the threshold voltage of the pull-up
transistors M21, M2Z2 with respect to their control gates so that the pull-up

20  transistors M21, M22 are turned off. Simultaneously, the pull-down back gate
control signal ¢nec is lowered to a level Vyge, that raises the threshold voltages of
the pull-down transistors M31, M32 with respect to their control gates, turning
them off as well.

it shall be noted that turning off the pull-up and puti-down transistors

25  through their respective back control gates is not absolutely necessary since the
head and foot switch transistors M10, M40, isolate them from the pull-up and the
pull-down voltage source, respectively.

At time t, equalization is performed by switching the equalization control
signal ¢gq t0 a high voltage level so as to turn on the equalization transistor M50,

30  thereby shorting the bit lines BL, /BL and setting their voltage levels at the mean
value Vg /2. The head switch control signal ¢msw is lowered to a low level so as to
turn on the head switch transistor M10, thereby connecting the common source
node of the pull-up transistors M21, M22 to the pull-up voltage source.

Also at time t;, the high supply voltage Vi, provided by the puli-up

35  voltage source is lowered to a chosen precharge voltage, typically half its former



15source node of the pull-up transistors M21, M22 from the pull-up voltage source at the low supply
voltage VLsupply. Also at time to, the pull-up back gate control signal 09,13G is raised to a high
voltage level WBGH to increase in absolute value the threshold voltage of the pull-up transistors M21,
M22 with respect to their control gates so that the pull-gp 20 transistors M21, MU are turned off.
Simultaneously, the pull-down back gate control signal .NBG is lowered to a level VNBGL that raises
the threshold voltages of the pull-down transistors M31, M32 with respect to their control gates, turning

them offas wel. It Shgl o, DOIAIMALHETG QI8 RAKATSABLIKHDUR. Uaa s ipuch ther

respective back control gates Is not absol y necessary since t oot switch transistors
M10, M40, isolate tREAT 6 §FEHBSSNA-BIYARPESE SIR-ERIRR\AR  drascipradovegiiaeavers! VesLat time th
equalization is perfarmedibyswicikagsthe iegalizativerebnthoksiginatitd )&Eae, ehéchighoweltage level so

as to turn on the equalization.tapsisiar MoQ,dAUENeRRYShAHRO dheitlipam &La/ Bl andmglting their

voltage levels at the mean value V5.H/2. The head switch control si%nal gop%\/ is lowered to a low
g tHE to

level so as to torn STPERERBARES WEdH LFaRE Rkl ' £5 TR EYES) LBRIE mmon source node of
the pull-up transistors M2Th#/iz2atedHimguittepraoteigespogtioa. 1t aawiaationantigiechasesty voltage
Viisupoy provided ythepHllvp, 32v0laae . spLiRe 46 lowered to a chosen precharge voltage, typically

half its former 16 and high,value VBLII, and both pull-up fransistors. are tur depletion
mode by setting the pgll-u%h%af’éﬁcga gec%?%ﬁ!%?g%aqlﬁag%% al v?/%g?tgajééé}%%%ésl gl?P élﬁéjrﬁ%é pull-up
transistors M21, M2phigfe MRrEasyinid arvRAMiAGVSEHDe, RERNEPAIHG detiEed RipgRAIE N GERFFOPA%he pull-up

voltage sourceiio theditditags Bdhae‘&d -?{Ehi& Eupﬁéaﬁ?ﬂn/mt_srﬁheghimmwa_lz,at&h.at the precharge
voltage VBLH /2. The felated dime nteryal, coseasnensintipdhseritialienanpiaieciaege

operations is t1<t<t2 in Figs. 4a and 4b. The precharge operation cor%f)ensates for possible
leakages or unbalafiead SSER TR ENRY ey ShTAIPLALIRA BiS HEARRETH é%g?rE?thFgé%gFa% voltage
and 10the voltage aohi¢vedieat thendstinas @ L3hE hulhkquishtkhgriequmliratignal ¢rsAistirmisetl ta@tter

equalization and pregipvaR QUeLations ats SOMRIGIPD % NRRC WG AINTR) ianal GRSy raised (o

a high voltage level so as to turn off the head switch transistor M10. The pull-up back at\? control
Signal OPBG 4 JaisSPRYA HgFe BitaeCOEPUNNB EP BRSO RS i o7 BREaia AR, M22.

The high At time t3, the select signal ¢w, applied to the word line WL is set at a high
level Vs 50 as to activate the cell access transistor Mc. The memory cell C and the
first bit line BL share their charges. A voltage variation AV appears on the first bit
line BL, resulting in a voltage difference between the first bit line BL and the

20 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.

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

25  related time interval corresponds to tz<t<t, 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 Vyeppy, the voltage of the first bit line
BL is slightly increased. This situation is illustrated by Fig. 4a. If a logic “zero” was
stored within the celt C, i.e. the voltage initially stored within the cell C is the low

30 supply voltage Vi, the voltage of the first bit line BL is stightly decreased. This
situation is illustrated by Fig. 4b.

At time t,, the sensing operation is started by turning on the foot switch
transistor M40 by raising the foot switch control signal ¢nsw, thereby pulling down
the common source of the putl-down transistors M31, M32 to the low supply voltage

35 Visppy- The pull-down transistors M31, M32 are turned on by setting the pull-down



15supply voltage VH"ppty of the pull-up voltage source is set back to its high value VBLH. At time
t3, the select signal Owl. applied to the word line WL is set at a high level VV/LH so as to activate the
cell access transistor Mc. The memory cell C and the first bit line BL share their charges. A voltage
variation AV appears on the first bit line BL, resulting ina voltage difference between the first bit line
Bl.. and the 20 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.

Depending on whethey the data injtially. stored in cell,C is a logic on ic "zerg” this voltage
variation AV is posi |avce{z; 3?%6%0%{/:&5}%93(%?6& I gf aEﬁ% ﬁél\t%;: §t§(§8t?n$és ﬁﬁgﬁ\éa?%%gf%s%ﬁ’%%n% t3<t<tet in
Figs. 4a and 4b.  baperigibe se bivadetdiled Bhitsishscrrmiitied i the sRNGJEMRTIR SV within
the cell C is the higthsypiplyavoiage atnitidippl Fhthetaodthgenefithefaistdrelipmd®Lios slightly fiigreased.
This situation is illugtrajed,py 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 30 supply voltage VL,,,ppty, the voliage of the first bit line BL
is slightly decreased. Thidilliafidh & iﬁ[@?éf’e&a&ffﬁf‘g?%?‘ma‘%ﬁ %é‘ggfltﬁé%geenné:ﬁ]é‘ npaet;fté)tion is
started by turning oth¢hitfoueswitdhet dexsishar\ed OHeyhiais svprivevides\Witeh.coryisiesigiyatoNS W,
thereby pulling dowg)thg.cosraerssauEcainl HadwheanRaRansisieTe MILrd2iotkhsuipnsipply

voltage 35Vi_suppty. The pull-down transistors M31. M32 are turned on by setting the pull-down 17
it A% AR BTG ST RATBIEHY T ahST noe y

back gate control si erence between the
two bit lines BL, /BLrigtusransistifiedidi tHE22 daveardathronigh wimaly tratpsMarr-senbe Atipgiier. The
related time injgrvakcasaspORds ez sisthuinedion 43 sstdiddb tisAbilme thadk gdetdarsaitigase the
already amplified digereg%qos\j/%%?tato 'iQGeI‘U' high voltage level VBLH of the high supply voltage
Virsupply provided Btfie pUll-up vottage souice, the head switch transistor M10 is turned on through
the head switch control sigRaIcgRPIRAERBIS BIRITREPET HScEHAMNEtEs BHAMA GREHEFMp
transistors M21, M2@3toxvares thathig hracgipbrsmaitn ge2 Y Hsuppes. thé eepsd| ampliOerameiskass 21, M22
are turned on by S%{‘QJ&%&J'M&Q%@ A Eﬁwr\%iﬁ%@wﬁ@%&l-@&%t‘é@g%ﬁr@@{&/ mBGL

The combination of the respective actions of the pull-down transistors M31, M32 and the pull-up
transistors M213 M2UAMNR XGRS SBISE aFrpiting thihe dRtife BvSiRELNS VI HRYE A tive

voltages of the pull-yesrolageregatige)and the 15 pull-down voltage source according to the initial
value of the voltage Variam&&@@@mc\!@d)fnrﬁﬂaﬂ%@here a%é‘@'&@%m%tjﬁﬂ: {fle 4ald)ere a

logic "one" is stored within the cell C, a positive initiel vol agge Vt L’El ion AV.on th nc1ftiar5,t bitul)irgg BL is
amplified up to the s‘f‘aﬁ?r"éi‘ﬁ"c?n"gf'ﬂllé’ﬂf@ FSREBRPOGagR VRN pidvited BYRhe Huifup viitage
source saturation at the high supply voltage Vs, provided by the pull-up voltage source

20 while the second bit line /BL is pulled down to the low supply voltage Vi
provided by the pull-down voltage source. In the case depicted in Fig. 4b where a
logic "zero" is stored in the cell C, the initial negative voltage variation AV on the
first bit line BL is pulled down to the low supply voltage Vi, provided by the
pull-down voltage source while the second bit tine /BL is saturated up to the high

25 supply voltage Vg, Provided by the pull-up voltage source.

The content of the cell C is then restored to its initiat value as the word line
WL is still activated. The two bit lines BL and /BL are saturated at CMOS voltage
levels, avoiding any current through the sense amplifier. These CMOS levels can be
easily transferred later to the global bit lines 10, /10 through the pass gate

30 transistors M71, M72 by rendering said pass gate transistors M71, M72 conducting by
means of the decoding signal Ypgc.

As can be seen in Figs. 4a and 4b, the related time interval corresponds to
ty<i<ts.



20 while the second bit line /BL is pulled down to the low supply voltage VLsuppiy provided by the
pull-down voltage source. In the case depicted in Fig. 4b where a logic "zero" is stored in the cell C,
the initial negative voltage variation AV on the first bit line BL is pulled down to the low supply voltage
VLsuppiy provided by the pull-down voltage source whik the second bit line /BL is saturated up to the
high 25supply voltage Vusupply provided by the pull-up voltage source. 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 {gyels, aveidina ARy HRNEIMOHARhR 8RS e-ANP e ellNRESCMOS
levels can be easily transferred later to th§c lobal bit lines %hoe, 110 throuwﬂ tkil% Pass #gtr% %Qe
S

transistors M71, Mf?'b’g*f%fnﬁ*éﬂﬁd‘ga?&' ﬁ ygg?éct?gﬁté? ors Wf IF/P?Z co’ndu'ctlﬁg yn eans of the
decoding signal Y DEEcAsgrahine deelvinvpitpeedevelnthdb, the related time interval corresponds to

to<t<t6. 18  Attime tsainrderjo retriy thodatgdidhewmenrey melardbeargllagaassigansistor Mc

is turned off bysdeacti‘;:/raa %nﬁstgsed\évs%rn (Iei%?% \Q(,'@’ i.e. by setting the select signal epwL at a low voltage
level Vwa. AT G; & riew cycle begins with the precharge and equalization 5operations as

described above.  In ofterde e igadriatothEhearCoprda darftHe data SRddnreRIFCc2 a high
voltage level decodiigh Gorbig Giosiade¢biie isoapplieigraetiygan Appietbimnddmeite to the gates of the

pass gate transistogs ML Mg SR8 40 (YR REMOR-AFAI sRdLmeRy Ryl siensing operation
can be performed by the pull- 10 up transistors M21, M22 instead of the pull-down tranastws M31,

M32. In that case, the follShWAGERYLIREINHIS GBI BREGHR S0 RS RIPIS B b i
transistors M31§ M3® aradstetoheeMad |32 trstesidtol shivl Rallda?n DariigjatseMSéndilg obraese i.e.
between t4ha”d tIT e F?bﬂl'é%?ﬁ%%ﬂ%@cfo&ﬂﬁ@llcﬁi@@ﬂ&ﬂ@%ﬁﬁﬁ%@t%bﬂ\éﬂvwﬁe||§M$Jd‘d\PrBGL SO as
to turn on the pull-up transistors M21, M22. while the 15pull-down e control signal. 4ANBN is
kept at a low voltaggﬁgi}%ﬁo\rﬁ\?gélﬁs%z as otﬁe%ﬁ li}({a‘aﬁajﬁllg-)r 8\?&#?%&%&0%4%“%%5% ?ﬁé %% state.
Simultaneously, thecheratiawitch beimesndigitdl bpshie Rualsebagk §aifyFrbRAgeRzbsls 8 & turn on

the head switch transisiordMdds, Hvarahy. pidlie golriienad@ Fnupavas sesrd eDf, tezpulhiuptir@nsistors
M21, M22 to the high ly voltage 20Vijis rovided by the pull-up.volt urc hereas the
foot switch traﬁ%st%”l@%%%g Eg%lkt ﬁ%%t 808# %l[ltgpx??y@ﬁaééfo%e iﬁag géltwsﬁt%ﬁgecqo%%io '?Fér?gl%pNsw ata
low voltage level. THeeatHerruedarpisarstpsimiaZi) the eBsiasesignals already described.

Simultaneously, the head switch control signal ¢esw is raised at a high
voltage level so as to turn on the head switch transistor M10, thereby pulling up the
common source node of the puli-up transistors M21, M22 to the high supply voltage

20 Vusuppy Provided by the pull-up voltage source, whereas the foot switch transistor
M40 is kept in the off state by keeping the foot switch control signal $wsw at a low
voltage level.

The other operations are performed by the control signals already described.

25
Second embodiment: no switch transistors and no precharge transistors

As illustrated in Fig. 5, a sense amplifier according to a second embodiment
of the invention includes four transistors M21, M22, M31, M32 for the inverters,
with two additional dedicated pass-gate transistors M71, M72 and one additional

30  equatization transistor M50.

The second embodiment is similar to the first embodiment except for the

further absence of switch transistors m10, M40. Therefore, only the differences

between the two embodiments are described.



25 Second embodiment: no switch transistors and no precharge transistors As illustrated in Fig. 5,
a sense amplifier according to a second embodiment of the invention includes four transistors M21,
M22, M31, M32 for the inverters, with two additional dedicated pass-gate transistors M71, M72 and
one additional 30equalization transistor M50. The d8cond embodiment is similar to the first
embodiment except for the further absence of switch transistors M10, M40. Therefore, only the
differences between the two embodiments are described. 19 It shall be noted that it is possible to

suppress only one of the gwiigh Bansissarsiilf. M4RssiRouRUBBHESWIkGH dransistaes sircpreferably
e e e e A The.se een e U b ans siptscM 222 are
directly connected s 8ﬁll-up’vol dge source providing a%g’h supply voltage Viisuppw, without an
intermediate transidtsemimiedasgibedaerstipethe pull-up transistors M21, m22 and the pull-up
voltage source. Comparingavituibe afoie-gagaiednskiaranzenss aneplifiertithelrestedttteh

transistor T10 is omitted, th r NG, InA4RET effigiant sansk amplifier. 4@ bhe gpurces of
the pull-down t?an?giggpM@E%%Sgygpdﬁ%vgﬁfggn%jé%% %Ugﬁ%"-dg%% vq’i{)aprye@gur pr%viding a
SO

t
low supply voltage VSIS X AP R AT AR5 FOF (RN H IR He pull-down
transistors M31, M3Beapulithp peoltrgnwrunstagerpetingewtbipariortodessritfederdes@ibéenptior art
sense amplifier, the;fpQiranitole trragistatdAQdasRuaitem ihermilere sukiatyinaunneid 2anareefficient
sense amplifier. Furtf; r, tvxt/o éﬁggsist%rf?eirnstead of four transistors are connected in series between
the pull-up voltage 800 EE'SR0 e pu?fptfown voltage source, thereby relaxing the constraints in terms
of voltage relatinships. Zﬁﬁeﬁé’lﬁﬁhgfm&‘éﬂ"ﬁ’§@i§§t&ﬁﬁyﬁ1ﬁﬂer’”§8ﬁﬁmb@‘ﬁﬁm’?@'§€€%°
embodiment The mpedatingvplragessiaica seoddimmpliiier aspilystrsitegeinVEig:, 5 sthout described.
Signals that are appledio . aeAsIAles KRG sShTe AP hae MR iRty Fig1 Sagand ob.

The depicted timing is purely illustrative. Fig. 6a illustrates the case when the Cell C stores a logic

"one", and Fig. 6b iRStFFeR PR TR e COBIPERG IRt it 95a7aRed Prighahi8isss is the
same as for the firstawiifed)nienfootitstotdnronsistet] Tibats amitteot sheteby ceamEngidnalsPisw, +Nsw.
Therefore, the descgiptiprRidhesgrnacessisithe same as for the first embodiment without the head and

foot switch control signals, paw, 49Ny, HOWENEL,JLISP L RS RRANS U EB-ALHS frogiisiors o

between the pull-up voltage source and the pull-down voltage source, thereby

relaxing the constraints in terms of voltage relationships.

20  Operating process of a sense amplifier according to the second embodiment

The operating process of a sense amplifier as illustrated in Fig. 5 is now
described. Signals that are applied to or generated within the sense amplifier are
illustrated by Fig. 6a and 6b. The depicted timing is purely illustrative. Fig. 6a
illustrates the case when the Cell C stores a logic “one”, and Fig. 6b illustrates the

25 case when the Cell C stores a logic “zero”.

The process is the same as for the first embodiment, but for the omitted
head and foot switch control signals desw, Gnsw. Therefore, the description of the
process is the same as for the first embodiment without the head and foot switch
control signals desw, dnsw. However, it is now necessary to turn off the transistors of

30  the inverters that do not perform the precharge operation.

Third embodiment: no switch transistors, no dedicated precharge transistors and no

dedicated pass-gate transistors




30the inverters that do not perform the precharge operation. Third embodiment: no switch transistors,
no dedicated precharge transistors and no dedicated pass-gate transistors 20 As illustrated in
Fig. 7, a sense amplifier according to the third embodiment of the invention includes four transistors
M21, M22, M31, M32 for the inverters and one additiod8l equalization transistor M50. The sense
amplifier of Fig. 7 comprises: 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 BL, - a second

CMOS inverter having aniputfeanesigd7iosthemsesnparhi iterBikancimntinpieaosmeriad to the
D e B e R RSk Sigiad R RS RiME] R ligaled, @ dran and

a source, and - a pall-dowh transis SERT a drain a a source, the pull-up transistor
M21, M22 and the Bﬂm@éWﬁfﬁhﬁ%‘i@!&aWErM%?@f h CMOS inverter having a common drain. 15In

the depicted embodimentraé kigse attpeified ot pig.ansistprisdet21, M22 are P-MOS type transistors and
the pull-down tiansistors M MSEATNMOR MRS BISISOLmec LIS UNSIR iRe sease ampliir

of Fig. 1, the pull-up transistors M21, M22 and the pull-down transistors M Ee mu lgate

transistors, having at Lea&? DY HAEAES @eﬁ&ﬁ&o%ﬁﬁo 5%(&%5838}8’%%%%%? st

ed’in"order to
modulate the threshold vditede.of the transistor with respect to the first control gate. For example, the

first control gate may be a gt OMRARBAHRSseE0RG SaNtsnheake MAthbe=adwaalkitaantrol gate.

s _ i _
ereas the transistors ofye frierart senee ampliieL AR A e n

10 each CMOS inverter comprising :
- a pull-up transistor M21, M22 having a drain and a source, and
- a putl-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.

15 In the depicted embodiment of Fig. 7, the puli-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 amplifier of Fig. 1, the pull-up transistors M21, M22
and the pull-down transistors M31, M32 are muitigate transistors, having at least a

20  first and a second controt 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 controt
gate may be a back control gate.

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

25 bulk silicon CMOS technotogy, the transistors of the sense amplifier according to
the invention are preferably fabricated in Semiconductor-On-insulator (5e0f}
technology.

Se0l transistors have a lower random threshold voltage mismatch
compared to butk CMOS fabricated transistors. Random threshold voltage mismatch

30  mainly results from a voltage deviation proportional to the square root of the
active area of the transistor. Thus, the use of SeOl transistors allows the
dimensions of said transistors to be smaller than bulk-based transistors while having
an acceptable random threshold voltage mismatch, The resulting sense ampilifier
consumes less area compared to its classical bulk-based counterpart. Moreover, the

35  size of interconnects can be reduced thanks to smaller transistors.



25 bulk silicon CMOS technology, the transistors of the sense amplifier according to the invention are
preferably fabricated in Semiconductor-On-Insulator (Se01) technology. SeO01 transistors have
a lower random threshold voltage mismatch compared to bulk CMOS fabricated transistors. Random
threshold voltage mismatch 30 mainly results from a vdltage 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 transistors while having an acceptable random threshold

voltage mismatch. The regulling.Rense GHRBH{IRERONALBRRIRREA RHCOMRMES 1R Ksalashical

bulk-based counterpart. Moreover, the 35size of interconnects can he reduced tthanksbto S{naller
transistors. 21 AP %éogm‘&aﬁ%ewsfﬁ%t%i#%rré'ﬁst%?%eeﬁssé’ﬁ?ﬂbciﬁiglrs'i}saﬁ% gL
semiconductor-on-iremkaisinsalshinderefof isprgandusiitcoatenalrsarpsed floqrrakase sHIp¥aiAg a thin
layer of semicondugiing ralfink seRArItRGHrafoatRAZaeY RsraebYoAt A gateting! laielecbhe first
control gates are front control gates and th 0 C t e ba ol sfarmed in
the base su bstrite B%rf(t)rv?/ptﬁaet?%s%ﬁ%t%aégfagg%}?%mﬁ%?nggﬁ% grﬁa?\i%% E(sﬁg%?é%ed ?%?é\‘)% 5%%
transistors. Alte'f'i'%‘fﬂf@%,l’t‘h%”1@?3?5‘?6?@&%%%8%@l&rﬂ?ﬂ?ﬁ‘é‘fda(i@t#ﬁﬁ%@?ransistors with
independent double gatesslfehninivEY -typhe tramsistorscansists ceasthiarfiplividriclarfor msFiietagtive

channel and surrougdipgeaniaheleedgshiR Aom ttaq:mqst%én@aﬁﬁmiswnsists #s4 non
limiting illustration, in the following description, it will referred to pull-u anld [Pull-dé)wn riaFS|stors
each having a front S8h{iBI%JuE8 SH0% 50?585?1&\%? ea.‘%?ssé{%%‘ﬁ]épé'&u%[ﬁ'ge? REFRITONT6 gate of

each pull-up ah@l puitdothe seesdttieisrariisier control gate, and the second control gate of each
pull-up and 15 pull-down tigasisialirtitmPacieanirligate. ioneaTeiphtrihropuit-unlisrcasiercantrol
signal is a pull-up back gRts, GaaUolSIpnAl aadkine LUl donRe SoR-oniel-ioNal I Pillown back
gate control signal. urning back to Fig. %,t e back control"gates of the pull-up transistors M21,

M22 are connected 85 ¥ditihait PERIEPWERRECOMBISH SRR EA SASRAT £35TRHIY BRaRaRM A Bontrol
signal 4TE3G is appliadisidnaspuliren beotcqaieeontdotieigrabidsriar ke soOHageputiueswithin a

range comprisedl befegn,a iPunyalirgeleuek YRR ead ARisiyaltage ey RRGH contrdihe back
control gates of the pull-down trﬁnssto[és M31, MB% are g:gonge@ggqﬁg common pull-down back
S

) b
control gate to whicAEHUR-YBWH BRI FEECTMTS 258y { PSR CPRe Bt f i back gate
control signal .N5G sanptékeovnizagh gatieiceninh$igdalange comprised between a Low voltage level

VNBGL and a voltage levaijnighesdhes abioh veliage levelo/ it bt depasammplifigsramst be turned
off to avoid any CO”WLEE g?etvggrﬁl%gg% to a common pull-up back control gate on which a pull-up back
20  gate control signal ¢pss is applied. The pull-up back gate control signal ¢ppc can
take voltage values within a range comprised between a low voltage level Vpgs and
a high voltage level Veggn.
The back control gates of the puli-down transistors M31, M32 are connected
to a common pull-down back control gate to which a pull-down back gate control
25  signal gnpag is applied. The pull-down back gate control signal ¢nec can take voltage
values within a range comprised between a low voltage level V\ge and a voltage

tevel higher than a high voltage level Vygea.

A sense amplifier must be turned off to avoid any conflict between the
30  normal sensing operation and the egualization 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
omitted and the sense amplifier turning off operation is performed by rising the
35  threshold voltages (in absoltute 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



30 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 omitted and the
sense amplifier turning off operation is performed by rigihg the 35threshold 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 22 state for the voltages applied during the precharge operation.
The threshold voltaggg.of $heruNdiR g d-RpledowiHHa Bt recNde Meeatibhl. MM82tHritthsaspect to
their front control gati%s are rfaiﬁed 9}’ means ol(_té]eir rtgsgective cmgn}\m gﬂﬁs. | ngeesr gL{ch
conditions, all four tfQ %?gfo?sta‘r?epgwi't'ghaen& g i EWRNGEES ocking, for all posé'ﬂ) & 'Commbinations of
voltages on the bit kpesedLfeang muntrol gateshle Haivretdy HaME e pHEYIBRSRECEYP SrdsGRR ONne of the
switch transistors 13&ed 40nddthaudp ehaiitiaw|tal foursisinssree prefavabhsopntiac:. Treadeneantion is

described accordinglthe 134EaahibeRlRdRIT R M el MARARCHe el Fannected 10 a 10

first and a second g tines ithout an intermediate transistor. The global bit lines 10, /10
act as the pull-up voltage Sotittk ¥8r MDA pitrn SRR EQLRRYSEN YIRS RtalE P global bit
lines 10, /10 act as trendisgivssTih | FAlo [ tdideygrobirte dvdycth &rpusisiaps ot ag efs ot exn@edpdiing with the
afore-described prigharisenseampliliel.dhaiRggd switch transistor 110 is omitted, thereby 15resulting

in a more area efficient sefjse am Tlrp_e sources of § pMJLJidowgitragsstorse (I:\{Ig; : M32 are

lifier,
directly connected to a pu |-&OS\R/W%(§|P gtgesgﬂ clg)ﬁfca)r\}?gltﬁésa oW supfﬁ? Vo 5g%r\9ﬂrslupp y,ovﬁthout an

intermediate trithsistostandvasacand stobitditdinere!Bull B oihedraidesRedRIR B 2RaisEPthésull-down
voltage source. CorgjpastngtwiiBstitg aforgdastidpslipiorcttigtOsansefampéfiian -iretfantiswiéch

wansistor 140 is omyted, JSIRDYESUTAGLR MORARDRENCENELLMMTRL an Risr. (WO

transistors instead of four transistors are connected in series between theg%u -up voltage source and

> pull
the pull-down voltag@ &R EEPMARACH e IBMHAPHAREH SRR AMBRRNS S bl Mo
between the transistois:. 25 Bgugdlizatidifieantbecheathrovigbhteassjstatizatioristramisistdr SRS in case

of the state-of-{Re-arL&jigHitid 3 pislerieLompensalaPassiirleakages or unbalances which may
result in a small deviation between th% g_(l-:‘sirel}g rectgar e %/olt%g(? %ci the gﬁg%%ag a%Qci:?vf?goat the bit
lines BL, /BL through the e&ﬁéﬁ%ﬁ%ﬁ, SrBl(‘: anVén obaeré 101 1S-alsO pearrorme y?ﬂe puei -up
transistors M21, M22 erlbyiane poltagevsauBotraiayiding Miaw Maply voltage Visupy, Wwithout an

intermediate transistor between the sources of the pull-down transistors M31, M32
and the pull-down voltage source. Comparing with the afore-described prior art

20 sense amplifier, the foot switch transistor T40 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 puli-down voltage source, thereby
relaxing the constraints in terms of voltage relationships between the transistors.

25 Equalization can occur through the equalization transistor M50 as in case of
the state-of-the-art circuit. In order to compensate possibie leakages or unbalances
which may result in a small deviation between the desired precharge voltage and
the voltages achieved at the bit lines BL, /BL through the equalization, a precharge
operation is also performed by the pull-up transistors M21, M22 or by the pull-down

30 transistors M31, M3Z.

Hence the precharge transistors are constituted by the pull-up transistors
M21, M22 or by the pull-down transistors M31, M32. Dedicated precharge transistors
T61, T62 and the corresponding precharge control signal dpcy as shown in Fig. 1 are
thus omitted.

35 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



Hence the precharge transistors are constituted by the pull-up transistors M21, M22 or by the
pull-down transistors M31, M32. Dedicated precharge transistors 161, 162 and the corresponding
precharge control signal bpoi as shown in Fig. 1 are thus omitted. 35Compared to a prior art sense
amplifier, the read operation is performed by the pull-up3transistors M21, M22 or by the pull-down
transistors M31, M32. Hence 23 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 171, T72 as
shown in Fig. 1 areg{uis.omyitted immihia e eamRacieeny Adpinaisarpsranding:dagodingycontrol

signal \Inc. The pass-gate transistors, constjtute e pull-up 5_transistors M21.,.4]2 by the
pull-down transisto ef\/l@%’ﬂﬂ’@’? éF%nﬂ?Fgﬁg%%togé%lr%&%ﬁgeﬁrg?g Qseegrgﬁs sﬁ?ﬁirﬁi’éﬁ[@{ to the

first and second glotharbitnifiss 1ergTbusemRitied inaHifehdaphadimentiie fritarreYEidnd bit tines
(BL, /BL) and the firgdaamdhesesonghgiohal bihéinesslghtél arespectbektithtedhey, thngalthg pass-gate

transistors are preferabl; - rapsist : irg-em i I cyiped with
the pull-up trangistc.;%rrsg %ét%hwé h&%@f@%@#ﬁ?é%m%ﬁ%ﬁ c%ﬁhek(‘:%dgig rt%rel% I8,0?_)a{IHL?>it lines

10,/10. It shall BeRBtEEAEARIRSENS BiisLogshks (RmGdRs 8B 00 FEEAL B R RE Bifdown
transistors M31, M32, the, pulks ownmarefasiditr S18¢eMB2 fistikhthéheoreentautitrire(Blolddlbit lines

10, /10 instead. 15Tha glakrlbihingsseodd Qa5 eANRRSLRS] taca fsgasrwignal processing circuit (not
shown), usually referred tq aj}? seconqéar sense amplifier s(SSA for J%Eg%ﬁgsai%g &h%{gataf The
| renti

secondary sense amplifieF HEt 'bé??lcceuf F HRBERST JSI8E tl% and 5?(6 oiting a 'a'?séﬁg"r‘i%u

generated on tHe gl¥Bal Bi2lirtbe third/smndimentdadaspabatorish MuTprd S UERRENHER tiisédr M50 in
Fig. 7 is not expliciths $aevgates bakisevcaniihackeesire gaestaebigipastiof 40501 integrated

cieut, the equalization igngisior Madp A aiaRlyAD BAL KABSTALAREL conscRlRE Gl gation

g
transistor M50 can be macE—:- on a semlconéuctor-onlnsu ator substrate comprising a thin?a er of

semiconducting maRiafeuhdrateston Miim §Hasteupdirdes by eRsi@itatig i, WHETeRS the
second control gatescanedved kocatgibghbéslimsied/it® thetbade substrate below the insulating layer. Its

back control vqltage is thef,ghasen shaikalupthaballansiiaeparation arbrpedesmad.Latonally, its
back control gate and its front cont §$ ate may.also, be connected. together to aﬁﬁg?vgﬁr)\ igcreased

transconductance, r‘é*gﬂﬂfn@% ERY as,a seconda of

rol
er éﬁu%f%glgn?or the’sense rﬁ%rl'ﬁ?e?.mp
processing the data. The secondary sense amplifier is in particular used for

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

20 The equalization transistor M50 in Fig. 7 is not explicitly shown as SOl device
with back control gates. Being part of an SO integrated circuit, the equalization
transistor M50 is preferably an SOI transistor as well.

The equalization transistor M50 can be made on a semiconductor-on-
insulator substrate comprising a thin layer of semiconducting material separated

25  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 control gate and its front control gate may also be connected
together to achieve an increased transconductance, resulting in a faster

30 equalization for the sense amplifier.

Operating Process of a sense amplifier without switch transistors, no dedicated

precharge transistors, nor dedicated pass-gate transistors

The operating process of a sense amplifier as illustrated in Fig. 7 is now
35 described. Signals that are applied to or generated within the sense amplifier are

illustrated by Figs. 8a and 8b. The depicted timing is purely illustrative.



Operating Process of a sense amplifier without switch transistors, no dedicated precharge transistors,
nor dedicated pass-gate transistors The operating process of a sense amplifier as illustrated in
Fig. 7 is now 35described. Signals that are applied to or generated within the sense amplifier are
illustrated by Figs. 8a and 8b. The depicted timing is pdfely illustrative. 24 The preferred operating
process of the sense amplifier is shown in Figs. Ba and 8b. As the function is built by means of
complementary N-MOS and P-MOS transistors, all subfunctions of the sense amplifier can be
swgppeql_ft;om thr? I\é-_l\/:QSrﬁ% Hﬁ@}?f&&f?ﬂﬁéﬂ%@ﬁ@f%s&ﬁi Iﬁ&aﬁﬁ@e it sheessiblegto grecharge
or 5 equilibrate the bit lines W .Ccha evices ar with N channe c ng may
also be performed Brf/étrl%'pu -thr? t#hg?mcskllg ors R)Ijgg,e%ﬂeg?sbé%tﬁg%ﬂlﬁfa%ﬁarmrgfﬁétoggd 31, M32. In
this illustrated proct@8sisEsig SRS AR G§Khe EPiRI ARRIAr 8 Storynred rse dsihidad to the
pull-down source vedtage pravislisigea daw sidpplyrvaltaige btanpip 10dbtibe thothequhiirdown back

gate control signal %ﬂﬁﬁé?e'%%ﬁqiﬁg%EWé@W@'@NSL%N&%@@?Q}P%M Weppiidhgeitizdown

transistors M31, M3Z and the pull-up back gate control signal Ono is set to a low voltg%e leyel Vpga

|
SO that the putt-up FaTi&sTs 39 Papsyuret P s P USSR ERTRSEM heaiRl Brlis felors m21,
mn. are thus turnediown 16Ogstoraig | thépuihupisréiusisedes! I2tedyl 22nsing Wrsyseltdovgh thensistors

M31, M32 can be tyinegefi beteeadhrfomexample atiRedieardsr tadesug@hiatsdipyeareitsgeed off
before the equalization.gnd é)recha%ia OB ratigns start. Also at time th the equalization control
\J| f” I

signal +Ea is raised’t8 a}% 2V urn gﬁethé‘“%’ﬁ'ualization transistor M50 in order to initialize the

equalization as20previoudlytitrastriiae . Poihfignankasiiseiteheopltst 4195 tives Sigleuefes to a low

Ho) T/I0 are set to adigséesypreghasgaaltage ofy pieali\aaiaidrdlig toit Iwsas B12, 4Bd taeepthereby set
to the precharge voltage,.here Vol e/2..The related time jnterval_corr nds <isi2.infigs. 8a and
8b. 25At time t2, aftér geféb‘ ?%gt?gﬂ l;aonga1 nrae?c‘tﬁgﬁes%&gr%tll%ngcgﬁréé%gézr%%ﬁ’g &t ,Sé%ét' %etq%’él z“;tio transistor
M50 is turned off byasifief tHi2aqlgR Ao EBEtS drtai oERCds: o SWPHRVER FRMTIEPBFUNAp
transistors M21, M2& aredurneduaitdysetting the pull-up back gate control signal Ono at a high

voltage level VRI3G1-1. TRgglphg), ifdnGe-4p dRiaieShbbass 1%Ad 18D Kaliagaieuahshisally
VBLI-L. M31, M32 can be turned off before t;, for example at t;, in order to be sure that

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

Also at time t;, the equalization controt signal ¢gq is raised to a high level to
turn on the equalization transistor M50 in order to initialize the equalization as

20  previously described.

Simultaneously, the global bit line signals ¢, ¢« are set to a desired
precharge voltage, typically Vgx/2. The bit lines BL, /BL are thereby set to the
precharge voltage, here Vg u/2. The related time interval corresponds to ti<t<t; in
Figs. 8a and 8b.

25 At time t;, after equalization and precharge operations are completed, the
equalization transistor M50 is turned off by setting the equalization control signal
deq at a low level and the pull-up transistors M21, M22 are turned off by setting the
pull-up back gate control signal ¢peec at a high voltage level Veggg.

The global bit lines 10, /10 are set back to a high voltage level, typically Vg,

30 At time t;, the select signal ¢w. applied to the word line WL is set at a high
level Vyis 50 as to activate the cell access transistor Mc. The memory cell C and the
first bit line BL share their charges. A voltage variation AV appears on the first bit
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



30 At time t3, the select signal Om, applied to the word line WL is set at a high level VwLry so as to
activate the cell access transistor Mc. The memory cell C and the first bit line BL share their charges.
A voltage variation AV appears on the first bit line BL, resulting in a voltage difference between the first
bit line BL and the second bit line /BL. The value of thig5voltage variation AV depends on the data 25
initially stored in the cell C in the same manner as previously described for the prior art circuit.
Depending on whether the data initially stored in the cell C is a logic one or a logic "zero", this voltage

variation ,6)V is pos&ﬁ%wrst@eatmeeh@eém@ivreItheTm@rﬁ{aﬁﬂertime&atﬁrw CREERBRANDS tAd3<t<t4 in
Figs. Ba and 8b. If a I was stored within the cell C, i.e. the voltage initially stored within

the cell C is at the Ing% VO ﬁtageofevel VBLH of the voltage of the pull-up voltage source constituted by
the global bit lines 10, /1PaPRIPRRTOEERR st SAttiAEHRIYSWGALY fereslsEds PHRES I ™ fon is

illustrated by Fig. 8ar ¥ @diRgierzenmishdwas siatedmihin Brsital & negative, veliageivaijialiyestored
within the cell (5‘ IS %lgtgdk? é’?rlﬁ@g/%llggﬁh\éﬁrk‘&s J{h&éuﬁp%yoé?ﬁﬁd\ét}t 55,y provided by the

pull-down voltage source, e voltage of the first |t ine BL is sqg decreased, This situation is

illustrated by Fig. 8b. At t%@ l%‘?h@%l?”&&ﬁﬂrﬁﬁ(‘fﬂtaﬁ’teh&?ﬁ% si&n&bﬁt"‘i’%%“?@?ﬁ?’s%tﬂrfg a high
15voltage level VHB®hthid terth<Coin thetiberdrighlvdidagn tevesiviorMBe, WiBazeT ble theltage uifference

between the bit "H%M%ﬂ&tmt@cmahfmm&eﬁ%tmeylbdowsn ttt@mals&gés;MﬁéLﬁMB&tn a similar

manner as for the state fthe rt case. At time t5 the A ate.co SI nal (L)pBG is
lowered to an t%?r% \%ﬂt‘é‘?ﬁ e?ev%l% that ¢ ar‘qu‘é’%‘hi dgdeF. gug %ranssct% K%E?L M22 but

20 keeps them@n twemmﬁ@ﬂtth@o@%i Gl Hé‘ﬁbwﬁlé&ﬂaﬁtb?@ﬁ? mér?és‘tﬂléﬁ‘ﬂ/’é‘%téﬂﬁrfs‘é)ﬁthe pull

down transistors M&a M&&amgéhe@uIvtgpdfan@iatppsyl\aa&agdzzsgatwmaeemmsmswmpmer and set
the respective volta li ighyoltade tevel WBLH of the bull-ug,yoltage
source and the Iow%)gﬁggeq}g\zlee%v%%i% ag% \g %oﬁ&vg@?e%source 2 zi;‘é—({fordlng to the |;1|t|al value
of the voltage variafibVRERP (b H4#irated RE5iSi%8). The operation is similar to the prior art case. I a
logic "one" was stored withirtithe cgltite, pal-toevvdisakgantiatiytstosamah dhe cetalded ® at bigh high

voltage level VELH, Jpgyaliage pLerskiibiae Ble B ISA U8R WSbiab dpgesxehNBLH of the
global bit lines 10, /10w ite 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 ts, the pull-up back gate control signal ¢pse is lowered to an

intermediate voltage level Veg that turns on the pull-up transistors M21, M22 but
20 keeps them in the enhancement mode.

The combination of the respective actions of the pull down transistors M31,
M32 and the puli-up transistors M21, M22 saturates the sense amptifier and set the
respective voltages of the bit lines BL, /BL to the high voltage level Vg, of the pull-
up voltage source and the low voltage level Vg of the pull-down voltage source

25  according to the initial value of the voltage variation AV {positive or negative). The
operation is similar to the prior art case.

If a logic “one” was stored within the cell C, i.e. the voltage initially stored
in the call Vegy is at the high voltage level Vi, the voltage of the first bit line BL is
pulled up to the high voltage level Vyy of the global bit lines 10, /10 while the

30  voltage of the second bit line /BL is decreased to the low voltage level Vg, of the
low supply voltage V. This situation is illustrated by Fig. 8a.

If a logic “zero” was stored within the cell C, i.e. the voltage initially stored
in the cell Ve corresponds to the low supply voltage Vg, the voltage of the

first bit line BL is pulled down to the tow supply voltage Vi, while the voltage of



30voltage of the second bit line /BL is decreased to the low voltage level VBLL of the low supply
voltage VLsoppty. This situation is illustrated by Fig. 8a. If a logic "zero" was stored within the cell
C, i.e. the voltage initially stored in the cell Val_ corresponds to the low supply voltage Vizupply, the
voltage of the first bit line BL is pulled down to the low Zupply voltage Vuuppiy, while the voltage of 26
the second bit line /BL is pulled up to the high voltage level VBLH of the global bit lines 10, /10. This
situation is illustrated by Fig. 8b. The corresponding time interval in Figs. 8a and 8b is t5446. The

content of the cell Gisdhendestened gL its pilial valuetns Hghweorddine e W, isr ik apbeatad and thus

the cell access transistqr. Mc is.still conducting, therehy cannecting the memory cell C to the sense
amplifier through tﬂ'é1 fri@b{t? |h-|e%gl_s?u[l?_lé° V\}Sé%tisﬁr?é%géﬁga}ﬁd L are saturated at CMOS voltage
levels, avoiding any currelRetpoiggpeisins sinsinteiyatity Fienetaandi8ius Wiltten back into the memory

cell C. 10At time t6, the Wi dbneetY bfishderlivaiedsn. exstbecgatentt sidis\ae 8 et abtdwinevel Vwa,

and the cell acgess,frapsigier Mg s 0us-iined it 10e selbeonigntdspiRiesiet pRoniiegse
amplifier can be addressed. Read operations are performed b Pi%enera%urggg;égjlfsft(?‘rerﬁtlaI sltgnals on

the global bit lines 12 RRY, ARPST I HReBRBPEX A ited by h e B BMEERF S & BifdF according
to the characteristidBoBsakhsteoitaiyesdhsmarnibldiersatwrted & fMQS deitasF tavelkanvplding the

secondary sense agiplifigrsftsihadgiahal aitdngs idierl Orat rededive hhhioRritapedancentthendifferential
signal is a voltage drop asso i%ted with one of the global bit lines. This is the example described
hereafter and iIIust@F&an Bglcﬁlgs‘. 8a and 8b. 20Alternatively, if the secondary sense amplifier sets the
global bit linesl®0, /10 at Wtimebe shrceorddinfdicistiaasigyriesd & eurrereifshigithtoulsehne of the

global bitlines.  Fhexefesel infhe feptatedaaxacple rainimert®ithe tves glebal itfinee 1@1V10 are

kept at a high voltade,@yel, BRIGAIAL O RRTSNNAHARAWCPAE Haduae 25turmed [0 a higher
e by

impedance than their previous impedance, for exam means of the so-called secondary sense
amplifier (not shown). Read operations are performed by generating differential signals on t

global bit lines 10, /10, said signals being exploited by the secondary sense

15  amplifier according to the characteristics of said secondary sense amplifier in order
to read data. For example, if the secondary sense amplifier sets the global bit lines
10, /10 at relatively high impedance, the differential signal is a voltage drop
associated with one of the global bit lines. This is the example described hereafter
and itlustrated by Figs. 8a and 8b.

20 Alternatively, if the secondary sense amplifier sets the global bit lines 10,
/10 at low impedance, the differential signal is a current flowing through one of
the global bit lines.

Therefore, in the depicted example, at time t; the two global bit lines 10,
/10 are kept at a high voltage level, typically at or somewhat below Vg, but are

25  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 t, and tg, the second read
operation occurs between ty and ty. However, the sense amplifier can perform

30 read operations as many times as necessary.

At time t,, after t,, the puli-down back gate controt signal ¢uss is set to a
value higher than its previous high value Veu. This higher voltage level is able to
turn both pull-down transistors M31, M32 to depletion mode.

Since one of the bit lines BL, /BL is at the high voltage Vgn of the puli-up

35 voltage source constituted by the globat bit lines 10, /10, whereas the other bit line
BL, /BL is at the low voltage Vg, of the low supply voltage Viggey, one of the pull-



Two read operations performed by the sense amplifier are depicted by Figs. 8a and 8b. The first read
operation occurs between tA and tB, the second read operation occurs between tA and tw. However,
the sense amplifier can perform 30read operations as many times as necessary. At time tA, after
t6, the pull-down back gate control signal efroc., is set £ a value higher than its previous high value
VBLH. This higher voltage level is able to turn both pull-down transistors M31, M32 to depletion mode.
Since one of the bit lines BL, /BL is at the high voltage VBLH of the pull-up 35voltage source

constituted by the qlslaadr@ﬂ;tﬂnwaﬂquiﬂawwa&w@e Qiber pphiae Bt/ Bbnisgatdhmiowayaltage VBLL
of the low supply vol%ﬁ\ %ﬁ a%P |¥bﬁ’ ft e Eﬁfd %0 ‘pr;[‘r’%ﬁg\% tor M21, M22 has a low voltage level

applied to its front ga ereas the o igh vo ETapplled to its front gate. Since
the pull-up transistors MZ%PMZ?%I%"Ih%éré’Fﬂ%?fééﬂénf"??%E@ thehsuRIpG RSt Rh tBSow
voltage level on its fightigatenisstortivition ktateolvabd deStherottscirgntlkate teainsistamistindherol state.

If the voltage ogthetggs&ggrlm I%{J i?a%mﬁ' Q‘Wt}{@&?&‘i‘a@ve' VBLH, and the voltage of the second bit
line /BL is at the low voltage Level VBLL he accessed cell stores a Io% %ne thﬁﬁ‘pl%
2t hd the

transistor M21 with its frofit atPe8rnhat fEa E(SsﬁPété@@o%d‘soﬂtlﬁqg rah vRstaer o
other pull-up 10transitage MP2hwotcbbé bif. line fBhés\afitae ihelipge bitvteVal. it at tﬁéhI@w voltage

level VBLL and the yoltage ebihasesanthitt e/l de ﬁjﬂtdbﬁtﬁaiﬁhﬁwmh@w&twﬁﬁd dage if the

accessed cell stores a logic the pul fransistor with its front nected to the first
bit line BL would be crc])rri]e(%c |n%§ﬁds e c?trkfgrqmellr}u% turquﬁéfstcc?rn f"‘l%oﬁg% = PRNith both

pull-down transistordauEstonE2 wedekietsh mode and one of the pull-up tranS|stors M21, M22 in the
on state, a current flows ditles thhitughthadifstgtdbindBlineal Bherithevetiaga delodl Mae dddtteepending

on which one of therHH%HH:F%'?éQBﬁM@ \M22dB %OEQ‘HRHQGg@QAﬁd#é‘StH@éPQ by Figsi8gand 8b

between tA and tB and between tA and {B,. thjs current generates a volt

dro ociated with the
global bit line throughSiEehFHe LOrFaft 198i6s 2&%ia Pt ) ﬂ?otﬁiﬁ@’afﬁeg%d rﬁ) 3@ Ty sense
amplifier (not showrspensgtediitmtes thiestidih sl invehis nhensongeaing arica fogjietheneduls-geored in
the cell C, the ypltag@mﬁﬁris\@ss@g@t@gmth first global bit tine 25 10. If a logic "zero" is stored in the

cell C, the voltage drop is gssacigted il the, second glabal b tine /L0, o algmars sglution

where the differential S|gnal IS d'on e ectrlc current consists in keeping the first and second globall
bit lines 10, /10 at IGN D E@EHECaME In 'ﬁ@té’&t‘ih@%é@:‘@rrérﬁ‘ﬂﬁﬂﬁrﬂ?ﬁr%% fheeyebisar Bithines.

global bit line 10 or the second bit line /10, depending on which one of the pull-up
transistors M21, M22 is conducting.

20 As iliustrated by Figs. Ba and 8b between t, and tz and between t, and tg,
this current generates a voltage drop associated with the global bit line through
which the current flows. Said voltage drop is detected by the secondary sense
amptifier (not shown) and indicates the data stored in the memory cell C. If a togic
"ane” is stored in the cell €, the voltage drop is asscciated with first global bit tine

25 10, if a logic "zero” is stored in the cell C, the voltage drop is associated with the
second global bit line /10,

An alternate sotution where the differential signal is based on electric
current consists in keeping the first and second global bit lines 10, /10 at low
impedance and in detecting the current flowing through the global bit lines.

30 After ty, at time ty, a new cycle starts by toggling the pull-down back gate
control signal ¢upcand the pull-up back gate control signal ¢essin order to turn off
the sense ampilifier. The global bit lines 10, /IO 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

35  global bit lines 10, /10 when the pull-up transistors M21, M22 are conducting, e.g.



30 After to, at time ty, a new cycle starts by toggling the pull-down back gate control signal (INBG and
the pull-up back gate control signal eppBe, in 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. Writing data into the cell C is done by @Bplying the desired signal to the 35global bit
tines 10, /10 when the pull-up transistors M21, M22 are conducting, e.g. 28 between t5 and t6. This
can be during a dedicated cycle or within the previously described cycle. As already mentioned,
the precharge opergdiQrr&ag, Rade!formeabydnanndl- aamdiensisicles dvi3dthii dhdnsteaslsiy the
pull-up transistors '\c’:'é%ﬁ&’e'.%%){é{‘ that 5 case, the following back gate control signal patterns are applied
to the pull-down transistors f M32 and to the pull-up transistors M21, M22. During the precharge
operation, i.e. between t, 4nalteadn &BT a8 dnt iR Ak HREREo PRASRERIN SR TIRK '?Erg‘érﬁéetgabﬁﬁéﬁevoltage
level VNBGN so aspis! {tiswrotraistsimut]-fdbivymizaimsistor sfMi3d pMBap whilsstoe piaii-upZBadk thate control

signal OpgG is set a1a ighnaliane ¥R MROGH QAR O thspRhunHapaISRmM21, M22.
The desired precharf%g yolta%% haMSB/SE b a§)%lﬁi§d tﬁg) the sources %sh?ﬂgﬂu'd%\/\mt ran%% orrseM31, M32
50 as to precharge TRITRIIH &Y BMBRGTARF SRR JR RIS BV B M SlaSe of the
pull-down voltage seperéido, Wwhidbetresoonnedtbd threpsbicdowmbakiceataverpiil-elevah tranisistbrs M31,
'\;Il32i, is Selt at thle 1€1f3\]§eﬁlgﬁre&t@éalﬁf@lrmmalss\ég@H@b&ﬁuq&ghmt&aﬁ@ﬁbﬁ mmeralmsse k?pt at
the low voltage level \fru..  The qther operations are performe eans of the congrol signals
already described. XE'SIRBERA "‘g’r??lao%é't#‘fhcéj TR D E?%ﬁosﬁgcaatynagﬂe‘g%gr?g?ﬁ]ee% e;l/n\?t’%*bsl(%l- 20 up
transistors M21¢ M28 tndtsadfothheyuirdsansistardisiordad31, M32. In that case, the following back

gate control signal patternhaapiligddraige pittagons twbsisipiseyElitd3duand t the pull-up
transistors M21, M2g, Ryrin -&fﬁ?ﬂsmgz%?eafgﬁag%e'cﬁa OWERR halel tSeh e Rull Wp-PRgkoate

control signal cl,BBEis set at a low véltagweﬁ ev a soO as to turn on the pull-up transistors M21,

M22, while the 25 pl§¥eloWRIBAYK gald-cOMrEPERsAAT 12 BAl ML Y AR fHoR4eMRGBIARIBa S0 as
to keep the pull-doworinartsisties ddBie MR incthenoipdtatewd Heastharpperatitds dregieaforimed by

means of the qantrol, SigRAls RIFEAAY: ARBHIREA, /2, betweerAS AHECGANITEBiRNRE: ke PRSTEate
transistors can be the ;)ull-down 30transistors M31, M32 instead of the pull-up transistors M21, M22. In

that case, the followf ¥48B%GEYE Shtrol signal patterns are applied to the pull-down transistors M31,
M32 and to the pull-up trafiRtsterer Mz atieps aupRTEPIRET dyomnaestidhg, qastrol signals already

described.
As already mentioned, the sensing operation can be performed by the puli-
20 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
transistors M31, M32 and to the pull-up transistors M21, M22. During the sensing
operation, i.e. between t. and ts, the pull-up back gate control signal ¢pp is set at
a low voltage level Vpsg, S0 as to turn on the pull-up transistors M21, M22, while the
25  pull-down back gate control signal ¢nsc is kept at a low voltage level VigoL 50 as to
keep the pull-down transistors M31, M32 in the off state. The other operations are

performed by means of the control signals already described.

As already mentioned, the pass-gate transistors can be the puli-down
30 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 read operations, i.e.
between t, and ts or between t, and ty, the pull-up back gate control signal ¢pss is
set to a voltage level lower than its previous low voltage level Vige. This lower

35  voltage level is able to turn both pull-up transistors M21, M22 to depletion mode.



between tA and t8 or between tA, and t8,, the pull-up back gate control signal 4FBG is settoa
voltage level lower than its previous low voltage level VNga. This lower 35voltage level is able to turn
both pull-up transistors M21, M22 to depletion mode. 29 As the sources of the pull-down
transistors M31, M32 are connected to the global bit lif¥¥s 10, /10, the global bit tines are usually at a
low voltage level VEsu acting as the low supply voltage, and the differential signal associated with one
of the global bit lines is detected and exploited by the secondary sense amplifier as Spreviously

described. The other ope@tt@@%@u&&emﬁ@%wm eRRtolrignsds ARy %ﬁ@ﬂm%ﬁcﬂé‘ahzaﬂon
transistor physically %??rl?? ﬁ"‘ﬁﬁ ew)th ({)uil up Er]%\ S|stors 1{}3!}@1 lEh% Yt\lr%lr |ousllé/ dle§cr|bed
o e

embodiments of thé} qudll ranS|s OFMBD Was & transst%\* and the
equalization controRstiysadsene e iapboratiesed %&B‘r‘dmWeA‘@%F@néh%Wﬁ‘@ﬁﬂdﬁé’deé’functlon is
built by means of cw@wmrma%es A G canshP ISt &npgishiersechhaisiaepsalhapbfisnciions of the

sense amplier,can e, qwapRerldg (e-0BROSIG YRR LANISIRIAEPLISIaNSR I AgaRbe 1

equilibrate the anne dewces or N channel devices. In a preferred
embodiment, the eG5f &ﬁSFFﬂ%ﬁﬁ’slstor M50 is a P-MOS transistor. As illustrated in Fig. 9, the P-MOS
equalization transistor M50 can then be physically arranged between the two P-MOS type pull-up

ransistors M21, M2 ARRHIBRARIE A3 ohatda GaaligRlS NS0 s arranged
between the drains of the two pull-up transistors M21, M22. The equalization transistor M50 can
thus be provided without requiring additional area with regard to the area occupied by the two CMOS
inverters of a 9énse ampm\‘pert_he three previousty described embodiments of the invention, the
equalization transistor M50 was an N-MOS type transistor, and the egualization
control signal ¢ Was controtled accordingly.
As previously mentioned, the function is built by means of complementary
N-MOS and P-MOS transistors. Therefore, all subfunctions of the sense amplifier can
15 be swapped to the opposite type of transistors. For instance it is possible to
equitibrate the bit lines BL, /BL with P channel devices or N channel devices.
In a preferred embodiment, the equalization transistor M50 is a P-MO5
transistor. As illustrated in Fig. 9, the P-MOS equalization transistor M50 can then
be physically arranged between the two P-MOS type pull-up transistors M21, M22. in
20  other words, the channel of the equalization transistor M50 is arranged between
the drains of the two pull-up transistors M21, MZ2.
The equalization transistor M50 can thus be provided without requiring
additional area with regard to the area occupied by the two CMOS inverters of a
sense amplifier,
25
Further, the equalization transistor M50 can be a multigate transistor having
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.

30  Equalization transistor arranged between the global bit lines 10, /10

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 tines BL,

/BL. This is illustrated by Fig.10 in the case of the third embodiment. The

35  equalization transistor M50 thus performs equalization on the global bit lines 10,
/10 instead of performing equalization on the bit lines BL, /BL.



25 Further, the equalization transistor M50 can be a multigate transistor having 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. 30Equalization transistor arranged
between the global bit lines 10, /10 It is possible to3ave an equalization transistor arranged
between the global bit lines 10, /10 instead of being arranged between the first and second bit lines
BL, /BL. This is illustrated by Fig.10 in the case of the third embodiment. The 35equalization transistor

M50 thus performs equalizgliQa.Qndfaeiahan Q%HE!&%A%&%H}S@@@@?@%@fﬁmneq@sn@i?@tion on the

bit tines BL, /BL. 3 The same equalization t rans tor M50 efor Hor ualization for
all the sense ampli iers lt‘ht share § g@?ﬁse g?(%ﬁa?rblt Ines 10 gﬁgﬁh%orel%%seioﬁgegégjgtéag&on
transistor M50 is ndaG@uakiration tU@%Hdﬁ?&r‘%éﬁs@%mmﬁé?da%wtﬁélﬂaﬁﬁmﬁ@ﬁlﬂfb%r

hierarchical circuit thiai shely®e faetgiobal ippénRiRihe;ical Qirdsitttiandegsencgldbaatimarianged at
the convenience of I desioN.RIRIRIAAY RXISIBLIGRAE SPALVESeiseramBlfige bagnsince the

equallzatlon transistor M50 is no more arrang ed within the sense amp lifier circuit, it is %OSSIb eto

choose either a P-MEEHEHEEIMRL l(ﬂ?ﬂé“&"e(ﬁ@@tfai’?ﬁgnéﬁ@QH%%WT%&Q?SHWLE FER the
sense amplifier cantzasstal k50 10no mexecurdheghy Witk hithkrnessB lamBlifiarerinatisHbitelbstidetly by any

equalization transisigr Jhg.eaulizatioR@C ek Ve RdY adiepabbihines iz hattsnisspsopagated
to the bit lines BL, / h the pass at an5|st rs. T lobal bit lines 10, /10 are set to the
A O B R T

desired precharge v lfrrlhE; erEgequa FAtion ansdnprecharge operations. In the first and

second embodithents, the dedicated pass gate transistors M71, M72 are rendered conducting by
means of the select signahddofdingifer the equaiization, andlpreeharge shaorphiitecklthéypasy gate

ransistors M7, Mg gt a00erally. rhé@a*asu&tymaa@e@B@%@Lem@gmaaﬁ liRasigtor are

constituted by the pull-up ort e pull-down transistors M2 ass gate transistors

are turned to depletfSf Pﬁc?&%PB%PFﬁ%&ﬁé’&ﬁ fie l?B"s"p@EtlvéL\/H‘thj%hotF%Bﬂsbgagc% Bt YAt eAtter the
equalization and pretitatgeiisloemplstedd thee peds gatb2 Siesinedisporchargestivltagebgutiegptiie down or

pull-up transistgys h@%@alwg%d\gﬁapma?ﬁ@é%ﬁg;wﬁﬁg to the enhancement mode by means of their
back control gates. They are in fact turned off as there is no signal between their gates and their

sources. The further operations are the same as described in the third embodiment. 30 A
semiconductor memory cotnpBiesfifgta2prurasepd emdigioteal she dedicated pass gate transistors

M71, M72 are rendered conducting by means of the select signal Ypec. After the
equalization and precharge is completed, the pass gate transistors M71, M72 are
20 turned off.
in the third embodiment, the pass gate transistors are constituted by the
putl-up or the pull-down transistors M21, M22, M31, M32. The pass gate transistors
are turned to depletion mode by means of the respective voltage of their back
control gates. After the equalization and precharge is completed, the pass gate
25 transistors constituted by the pull-down or pull-up transistors M21, M2Z, M31, M32,
are returned to the enhancement mode by means of their back control gates. They
are in fact turned off as there is no signal between their gates and their sources.
The further operations are the same as described in the third embodiment.

30 A semiconductor memory comprising a plurality of memory cells

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. 11.
A memory cell array 122 is illustrated, provided with a bank 124 of sense
35  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.



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. 11. A memory cell array 122 is illustrated, provided with a bank 124 of sense 35amplifier
according to the first aspect of the invention on two of i#$ opposite sides. A third side of the memory
cell array 122 is provided with a row decoder 126. 31 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 Static Randonrée&%@ MBTEH(ERAMY HebhlM 1s 4 difarartinbsamoamaliter for
sensing data storeg'& emo IIs }gC of %Jnte rE’ceét!farrn Qc%pg& @efgst CMOS
pu

inverter having an nne o e flrst ) an an connected to a second bit line
(/BL) complementaﬁyatéﬂtﬁ@ﬁiaﬁ‘! bﬂcﬁﬁﬁeMEf%P@éb‘{ﬁﬂM‘bMOS inverter having an output connected to the
second bit tine (/BL) and an input connected to the first bit line (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 CMOS inverter having a common drain, said sense amplifier having a pair of precharge
transistors arranged to be 15respectively 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, characterised in that said
precharge transistors are constituted by the pull-up transistors (M21, M22) or by the pull-down
transistors (M31, M32). 202. The differential sense amplifier according to claim 1, wherein the pull-up
(M21, M22) and the pull-down (M31, M32) transistors & multigate transistors having at least a first
control gate and a second control gate, and wherein o the second control gates of the pull-up
transistors (M21, MU) are driven by a pull-up second control signal (+pgG), 0 the second control gates
of the pull-down transistors (M31, M32) are driven by-gapudl-down second control signal (4)NBG) 3.
The differential sense amplifier according to claim 2, wherein the 30 differential sense amplifier is
made on a semiconductor-on-insulator substrate comprising a thin layer of semiconducting material
separated from a base! substiERs sy dinseisal PR} Tiey &P 3RS ASH3 tFeTSdchd JIHRSFy&es are
back control gates formedriembes balge(Spbisirakerioeiasttheraysidatidmgayer. 33 4. The differential

sense amplifiersaccordingio ol AR RIS BISIBUS AL ENGE e Weanuidh jadgagndent

double gates. 5. The differential sense amplifier according to any one of cla}lémts 2 tq 4, Sfurther
comprising an equalizARR¥} SAIRERES AVsEF A Y RS H o ama' AP ER P Wéé‘& )Upted to one of
the first and second bit lmeectBd , YBDY. invertFhbalifie rantiskpensenneniiifiee doeoations tbitkinm 5,

wherein the equalizatiqpeirpasistRk{MIbBarigcatbatt Grdearitsamsistias (Bying at least a first 10control gate

and a second control gat %e.cte to%ether. 7. The differential sense amplifier according to any one

of claim 5 to 6, wherein Ihie equa'l?ﬁ'g 16 tTARGISIOT M50) is a P-MOS type transistor physically

arranged betwken the pull-tipuarrsisasriston M2 gol) hayeprlairrIeAtTarSEndadmplifier according
to any one of claims 2 to 7 avplgrédwo tlaassenr 0es oMI2e imind avdnatreasistessriel31, M32) are

electrically coupled and counggleshie-auldonn ¥OSRARSHY BEWINRWASstor (M31, M32) of
each CMOS inverter having a common drain,
said sense amplifier having a pair of precharge transistors arranged to be
15 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,
characterised in that said precharge transistors are constituted by the puli-up
transistors (M21, M22} or by the pull-down transistors (M31, M32).

20 2. The differential sense amplifier according to claim 1, wherein the pull-up
(M21, M22) and the putl-down (M31, M32) transistors are multigate
transistors having at least a first control gate and a second control gate, and
wherein
o the second control gates of the pull-up transistors (M21, M22) are driven

25 by a pull-up second controt signal (¢ssc),

o the second control gates of the pull-down transistors {M31, M32) are

driven by a pull-down second controt signal {6wec).

3. The differential sense amplifier according to claim 2, wherein the
30 differential sense amplifier is made onh a semiconductor-on-insutator
substrate comprising a thin layer of semiconducting material separated from
a base substrate by an insutating layer, and wherein the second control
gates are back control gates formed in the base substrate below the
insulating layer.
35



20intermediate transistor between the sources of the pull-down transistors (M31, M32) and the
pull-down voltage source, or o the sources of the pull-up transistors (M21, M22) are electrically
coupled and connected to a pull-up voltage source, without an intermediate transistor between the
sources of the pull-up 25transistors (M21, M22) and th&pull-up voltage source. 9. The differential
sense amplifier according to any one of claims 2 to 8 further comprising a pair of pass-gate transistors
(M71, M72) arranged to connect said first and second bit lines (BL, /BL) to a first and a second global

bit 30lines (10, /10), sq asr#@ taRsierdatabrvapRp iR fIrstanditge eecanthbit ingsetBi, /L) and the
first and the second global bit lines (rlO ./1.9,},@'33 ecti ﬁl}/ﬁqvhergin the Bpessé%eslte transistors (M71,
a

M72) are multigate transié'f%rr@sr%%'@iﬁgegﬂeas ISt Contro eé)gpeaanrg &'86cond control gate connected

together. 34 10. The differential sense amplifier according to any one of claims 2 to 8, having a pair of
pass-gate transistors g rargegifrereanaeehsaighitiftcandsecngddinlings (BtlalBL ) w4 first and a

second global it ines (19,40 SBRIRIGH SHBDRUIEERIRIIN AN DeoarRacnd it Ines (BL.

/BL) and 5the first and the secon ) tines (10, 110), respectively, wherein the pass-gate
transistors are constituted B FRSPRTNGY FAVRIRA SPLI6 9% A 255 A7 SBRELRIF b e’ Buhi-down

transistors (M31, M32) are electrically coupled and connected to a pull-down voltage source, without
an 10intermediate trangisigh ReuRARINGSRUIFBE A e BdindwaiANS sINE(RE, M32) and the

pull-down voltage source. 11. The differential @ftsra?e am Igler acttcordin%tigl) arg ane (s)f clﬁps'gs 210 8,
0 | [

having a pair of pass-gatee%wé?s%?strgprséﬁalé doRnee %‘Fg %’fsgrt] BSe congabmlnes (BL, /BL) to

a first and a sé€ond globaasitrithexg B0d /A e9cans! s8NVgA EptTEPRRREISEIESEI the first and the second bit
lines (BL, /BL) and the first and the second global bit lines (10, 110), respectively, wherein

7. The differential sense amplifier according to any one of claim 5 to 6,
wherein the equalization transistor {M50) is a P-MOS type transistor
physically arranged between the pull-up transistors (M21, M22).

15
8. The differential sense amplifier according to any one of claims 2 to 7,
wherein
o the sources of the pull-down transistors (M31, M32) are electrically
coupled and connected to a pull-down voltage source, without an
20 intermediate transistor between the sources of the pull-down
transistors {(M31, M32) and the pull-down voltage source, or
o the sources of the pull-up transistors (M21, M22) are electrically
coupled and connected to a pull-up voltage source, without an
intermediate transistor between the sources of the pull-up
25 transistors (M21, M22) and the puli-up voltage source.

9. The differential sense amplifier according to any one of claims 2 to 8 further
comprising a pair of pass-gate transistors (M71, M72) arranged to connect
said first and second bit lines (BL, /BL) to a first and a second giobal bit

30 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 the pass-gate transistors (M71, M72) are multigate
transistors having at teast a first control gate and a second control gate
connected together.

35



the pass-gate transistors are constituted by the pull-down transistors (M31, M32) and 200 the sources
of the pull-up transistors (M21, M22) are electrically coupled and connected to a pull-up voltage
source, without an intermediate transistor between the sources of the pull-up transistors (M21, M22)
and the pull-up voltage source. 2512. A method for coi#olling a differential sense amplifier according
to any one of claims 2 to 11 to perform operations for pre-charging the bit lines (BL, /BL), sensing and
writing-back data stored in a plurality of memory cells (C) of a memory cell array wherein to modify

the operation performag by dheriffarantiahsenspReraRifishetheRy bporecand canyol signal (()priG)
and/or the pull-down seC(énd_ contro] sipnal *BO are modified.  13. The metho

.%gc%ordd'ng to claim 12,
wherein during a prechar 8V5|§ear£ﬁgrﬁ Y TBW%R?IH.?B%%%’n?frgg%?ro‘ios?é’ﬁré‘fc(tﬁ%‘ Sslsazripplied to the
second control 35gates ofetang ok lipes dbisi<EistN FiTstvng p secanst &lebab ik tipes dfsiStBrssB5 (M21,
M22) are conducting and z @wr it @ata secens eantigt sonahd sdcdrdis apglia tosheasecond

control gates ofthe pull-dgwn, 1PSISIRLS (Yigh MAEhAAA! 1B Ay ARMR HRTFISIRER3L, M32) are

not conducting. 514. The method according to erein during a precharge operation, a high

pull-up second control signal (*pé 8 PRE:BTRSERRS HRESHEHMILEHRS RYHes Rt R BamsisPtransistors
(M21, M22) so that the pull-up tramsisioszz(Mad., M22) are not conducting and a high pull-down second

control signal *BO is applied tq,thg,secandcHioLamigsyef thasulrdoun iansistosLa{Mi], M32) so

that the pull-down transistors (M31, M3§) are conducting. 4)§f5' The Tethod %ZCQCOVCQt'nothtonany one of
claims 12 to 14, wherein during aC(N'Blé g'é%‘éﬂ’?ﬂ%bee 5?i8rﬁu 'ﬁlcg%nﬁ’ﬁ PSR- Second control signal is
applied to the d&cond control gatdstefriediphgLaosisar 2aterd ivSuroassf e Byltdpen 5 pull-down

transistors (M31, M32) are conduetipgiand amBigmpnlkhp eganddeantral aignaluttd., 13G) 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. 2016. The method according to any one of claims 12 to 14, wherein during a
11. The differential sense amplifier according to any one of ctaims 2 to 8,

having a pair of pass-gate transistors arranged to connect said first and
15 second bit lines (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 putl-down
transistors {(M31, M32) and
20 o the sources of the pull-up transistors (M21, MZ2) are electrically
coupled and connected to a pull-up voltage source, without an
intermediate transistor between the sources of the pull-up
transistors (M21, M22) and the pull-up voltage source.

25 12. A method for controlling a differential sense amplifier according to any one
of claims 2 to 11 to perform operations for pre-charging the bit lines (BL,
/BL), sensing and writing-back data stored in a plurality of memory celis (C)
of a memory cell array
wherein to modify the operation performed by the differential sense
30 amplifier, the pull-up second control signal (¢ess) and/or the pull-down

second control signal {nss) are modified.

13. The method according to claim 12, wherein during a precharge operation, a
low pull-up second control signal (¢pec) is applied to the second control
35 gates of the pull-up transistors (M21, M22) so that the pull-up transistors



sensing operation, a low pull-down second control signal 1INBG,6 1 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 *BO is applied to the second control gates of the
25pull-up transistors (M21, M22) so that the pull-up tradsistors (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 control signal (eppBG) is applied to the 30 second control gates of the pull-up transistors (M21,

M22) so that the pull-up tigpsisirs M2l &thg e AWCHN avhadusi Rulieia Wi qpRg control
signal (+NO is applied to %he second control gates of the pull-down trancsistors [(M?,,l, M32) so that the

! A P
pull-down transistors (M3, MBI £85 ARG 38 L SR8 r:%a RS ARG v Petial sense
amplifier according to claiM3ZiG4d e tiur putedevoperativinrsnMeteM3a) Ritghnpliladidwetirgscond control
signal (9Nas) is applied to the second control gates of the pull-down transistors (M31, M32) so as to

tur the pull-doyn tranyisigrs (i MFadNC 2RATH) SRS, bify TBIRCRI%E 6Rtaling.
differential sense amplifier according to CIaim Tl 0 perform read operation, wherein a low pull-up
second control signal (44 /Bb) rstbpplregarsttisensetsitiaotimel JariPbedne® S08-spronthsmYsrs (M21,

10M22) so as to turn the gaik4iprtriaasisiois (MahkishdA2Mpt0 siepledtothanase. pid-db seaitaaductor
memory (120) '”Corpora“?pﬂz? ”RF%HAOJ%Q%{ %Brr?&ﬁég’ Cg)aﬁﬁ‘aa{ %%éﬁ%ﬁﬁ@d&&b@é&hﬁ&Wéﬁﬁ%@hé?w one

differential sense amplifier acéording to any one of claims ‘
{bnac) is applied to the second control gates of the pull-down transistors

10 (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 puli-down second controt signal (¢nsc) is applied to
the second control gates of the pull-down transistors (M31, M32) so that the

15 pull-down transistors (M31, M32) are conducting and a high pull-up second
control signal (¢pes) 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.

20 16. The method according to any one of claims 12 to 14, wherein during a
sensing operation, a low pull-down second control signal (¢nsc) 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 (¢pss) is applied to the second control gates of the

25 putl-up transistors (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 control signal (¢ess) is applied to the
30 second control gates of the pull-up transistors (M21, M22) so that the pull-up
transistors (M21, M22) are conducting and a high pull-down second controt
signal (¢ns) is applied to the second control gates of the puli-down
transistors (M31, M32) so that the pull-down transistors {M31, M32) are
conducting.
35
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18.

19.

20.

36

A method for controlling a differential sense amplifier according to claim 10
to perform read operation, wherein a high pull-down second controt signal
(bnes) 15 applied 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.

A method for controlling a differential sense amplifier according to claim
11 to perform read operation, wherein a tow pull-up second controt signal
{drec) is applied to the second control gates of the pull-up transistors (M21,
M22) so as to turn the pull-up transistors (M21, MZ2) into depletion mode.

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 claims 1 to 11.



