1 DIFFERENTIAL SENSE AMPLIFIER WITHOUT DEDICATED PASS-GATE TRANSISTORS FIELD
OF THE INVENTION 5The invention generally relates to semiconductor memories, and more
particularly to a sense amplifier for sensing data stored in a plurality of memory cells of a memory cell
array. BACKGROUND OF THE INVENTION 10Semiconductor memories are used in computers,
servers, handheld devices such as cell phones etc., printers, and many further electronic devices and
applications. A semicondusikKFERENTOAY. GENSEI AR 21 PIERAWYTRHONTDEMCA¥ S NP SSERATY array, each

memory cell storing at least a bit of information. Dy ?ér&%ﬁég%m Access Memories (DRAMS) are an
example of such semiconductor memories. 15The g [ tion is preferably embodied with

DRAMSs. As a conseqﬁg@_@ﬁiﬂﬁi@m@ﬁscription is done with reference to a DRAM as a non
limiting examplene jnyéniBASRARAIIGRIGHSed E@:ﬂ%ﬁ&ﬁﬁ%ﬂﬂ@ﬁ%ﬂsm%&e@%@@aﬁ% a

so-called bit tine. The conventional sSense amplifier is more specifically a differential amplifier operating
with a bit line aFd & SHIBRRIHISH Bt FRESRRICAZ0RURE IR aREreHN & imeME tlE Shdramplify
the difference imealtrge«naiiagypair of bit tines. As illustrated in Fig. 1, a conventional sense
amplifier circuit comprises eleven transistors T21, T22, T31, T32, T10, T40, T50, T61, T62, T72, T71
fabricated in bulk silicon CMOS technology. 25A sense amplifier is used for sensing and writing-back
data stored in memonrg&elisRRUNMEDR] EaWeNdHiNdata and writing new data into the cells. A
memory cgll C is addresar@mnaorskins ¥ Latalerninols hsugate bacrll agraRaH aRsisar Mc,
said cell access transistor Mc connecting the cell C to a bit tine BL. For reasons_of simplicity, only one

word line WL arid8n@SnféihoP) ¥t ke sSRBNG 80K (R REIMFHES of FIE RHD A5 'SRIe Bthe

sense amplifierapplications. A semiconductor memory comprises a plurality of memory cells in a

memory array, each memory cell storing at least a bit of information. Dynamic
Random Access Memories (DRAMs) are an example of such semiconductor memories.
13 The present invention is preferably embodied with DRAMs. As a consequence, the
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 line and a complementary bit line which
20 is used as a reference line, to detect and amplify the difference in voltage on the
pair of bit tines.
As illustrated in Fig. 1, a conventional sense amplifier circuit comprises
eleven transistors T21, 722, T31, T3Z, T10, T40, T50, Té1, T62, T72, T71 fabricated
in bulk silicon CMOS technology.

-2
Lh

A sense amplifier is used for sensing and writing-back data stored in memory
cells, as well as reading said data and writing new data into the cells. A memory
celt 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 celt C are shown
30 from the cell array on the left hand side of the sense amplifier.

A conventional sense amplifier generaily 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
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bit tine /BL and an input connected to the bit line BL,
each CMOS inverter comprising :



A conventional sense amplifier generally comprises: -4 first CMOS inverter having an output
connected to the bit tine BL and an input connected to the complementary bit Line /BL, -a
second CMOS inverter having an output connected to the complementary 35bit tine /BL and an input
connected to the bit tine BL, each CMOS inverter comprising : 2 - a pull-up transistor T21, T22 having
a drain and a source, ap@ulayputransistornransistar Tawing 3odraviragd alsair@mdadsource, the pull-up
transistor T21, T22 andathg pubiewaransister Fdb A%l £ae0CMOS dpyeiter having a common

drain. The s%urces of the pull-down transistors T31, T32 are connected to_a foot switch transistor
T40, which is itd8f BOLHBHEITS A plhlddwh PR %hﬁ%‘“ﬁ?&(ﬁﬂﬁﬁi}%{ 160 stphRI RS PEsuppis,
usually at a lowinedtagehanint {Bbinnedardesiio as ground GND, and controlled by a foot switch control

signal 4?Bisvy. The graun fthe towy s Vol Vt.suppis,ds_used as a reference for the
other voltage 10 Ievel?i‘lr% t%éﬁ s},fegléls?g eit:ﬁwep%#g?a %ﬁlxérgfﬁggﬁcﬂlsus?#gte g)yaﬁelg{.:qf,nt?lcet?go Pstite °
transistor T40 i$¥4HcK-WipsistiRindidbor WVRBNIthBSRIbt SANNERtEENt®| BigHHI DONBW s thizsh stecfoot

switch transistoprbéfiisgCo s Glippiyanslidie wround Kolrgeisatigisiiitssh to-the wonmeren spygEce node

of the pull-down transistors T31, T32. When the foot switch controlqsi%nal ()Nsw is low, the foot switch
K

transistor T40 i€ SHHEREANEn P CUHHINERA B R d Ry B R & PRl BN HaprastoF8er 1OUPE2 is not
pulled down.  ieTélecsatiEcRevasufstpubitapéransisioesuld  ab 22 arecanagoiethtoakeadigsdich
transistor T10, which is itself connected to a pull-up volt source providing a high supply.voltage
VHsuppty 1uééua\ﬁéflva Saf %iéﬁ? \f&?g‘a eafgegft\?ia LA gﬁ%ﬁ‘é%u%?\l}bgﬁaa%% tc): n%r%llgj ﬂ% afS Oegaﬁ\@%%fch
control signal O‘p‘smiiltoith@@iri_emniIN;MQafté{dabyiﬁig. Mlﬂee hibad sotitoiitcansistooTsgnst BiZwMOS
ransistor. Whefile gacksstishicantigamianal Qapvtis aa biiead aIe HRNIPOREAR s

t of the pull-Up

conducting and the high supply voltage VHsuppty is transmitte the sources
transistors 121, UM (0 e PBIERIh2PBEEVWPRIRIGH, the Rullciewnch arigtensidth TI R is

blocked and thevaqumragn feBts RRACEAE eI LARSIRIATS thé Liob2 3 RAT paGE P TLE -the
voltage of the common source node of the putt-up transistors 121, 122 is f[oatingl_. When both

head and foot sRREKET AN Er IR FIAE%R PG RSP AREhHAGSSHREH I ddntTdRsiyRaF 4ipsw is

high and the fogitdigdatveantrol signal 4)Nsw is 30 low, all nodes in the sense amplifier are floating.

The sense amplifier fu 8 [P‘BE ne | recharge-transistors 161, T62 respectively
coupled to the bit line @F_?;%%?tot zﬁcstofc\lmeo?el%]peL tgtrqyécﬁﬁt%g/ an %rraéﬁg%%‘?g%%jcﬁ%raeﬁﬁw%ebit lines

BL, /BL to a preéWifde VaRsgien gdo ustiaimh atstHsfie siovanseetetiveen RHE-HIgvelipgsy selage
providing a high supply voltage Vis,ny Usually at a high voltage level Vpy such as

20 VDD, and controlled by a head switch control signal ¢psw. In the circuit illustrated

by Fig. 1, the head switch transistor T10 is a P-MOS transistor. When the head

switch control signal ¢psw is low, the head switch transistor T10 is conducting and

the high supply voltage Vyspny is transmitted to the sources of the pull-up

transistors 721, TZ2. When the control signal g¢psw is high, the head switch
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transistor T10 is blocked and the common source node of the puli-up transistors T21,

T22 is not pulled up, i.e. the voltage of the common source node of the puli-up
transistors T21, T22 is floating.

When both head and foot switch transistors T10 and T40 are turned off, i.e.

the head switch controt signal ¢psw is high and the foot switch control signal onsw is
30  low, all nodes in the sense amplifier are floating.

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

35 Vhsuppyy andd the low supply voltage Vigony. This mean vatue is usually half the high



35VHsuppty and the tow supply voltage VLsuppiy. This mean value is usually half the high supply
voltage VHsuppty high value, i.e. VBLH/2, since the low voltage level GND of the low supply voltage
VLsuppty is used as a reference for the other voltages and the high supply voltage VHsuppLy and low
supply voltage VLsuppis, are usually then at their high and tow voltage level, respectively. A precharge

control signal (RgRyi¥A et ethighratief é@d‘bze@wﬁ@mrm%mgﬁ B2l GNDrpetbense

amplifier fu rtheroepmaﬁ@eﬁo&a@qwg QHEOGSH@@&&EH@@!B@Y&Q:H@ SHECOMAIBIaHA IR TgsPpectively
coupled to one of b t Lines BL, /BL and havm rolled by an e ualization control signal

OEQL The equséll'?? Yidh 7 8H%t ?We d‘ﬁﬁ‘ﬂ'—q 9 IH KARIGS B5Y tRifSistor. 10
The sense amrdlf(btof.uNb&ag)@mpeisesgvmtdmﬂycaﬂqﬂqnaasmmxmhmsﬁ&hs Eﬁahéaietgates of

which are gontr hgg é)f gpé)g_ls%_gq@ﬁq Q%YDI%CZ‘, Each of the pass-gate transistors 171, T72
The

connects one o toa aI bit tine 10, /10, also called in-out line. The pass-gate
transistors T71, 172 afba seseAmabERy B&tﬁ%eﬁ%@ﬁﬁﬁeiﬁlt&meﬁfmﬁﬂmﬁraﬁﬁsﬂ% Gisbbavndines

1510,/10.  #dtheush apane amplifigsrasgdesinicabupree $6aieTomun Branemical paig of view
the sense amplifiers can be conS|de,;lﬁg as service circuits of the memory array and therefore as

overhead that iNAFEEsES B FOREPYAE MR EAUAHZAHARNCRLISh TG dteer fADR CAIHIZoBherefore,
continuous effortsrargonade 66 thindinize tiesaregedonsigmptiornohsmds sgrseramplifiers. SHORT

DESCRIPBION OF THE IN NTLQ:N@ ﬁgpefg'qu%%t oé the mvenyvgg '%é%?a?g se a sj gllfled and
robust memory 25sense amp |s purpose, the |n eneflon proposes, accd)%lsnéafo a first

aspect, a d|fferéfﬂiw%@ﬁsFémm»emg@@ﬁs%gvamﬁ afe eentoAedubulrydet pdina senedlisenalmemory
cell array, inclugtipg: ez irst w(aééfg&ét%é}%wﬂﬁﬁmmw@@m@@@%% afifgibiiingangdan
30input connec gtoasﬁ%agg hhn entﬁ%to the f{rstb tine, - a second CMOS inverter
having an outpu GRrfe® th ﬁ?ecﬁ I RBut'edn @%t@%sicgﬂ’l% HRIEIR, éach
CMOS inverter Eﬂmudsus@.toarpuﬂiepdaamﬁetweha\mﬂgmtdham and sBsamtehamtbBst bmhuﬂedown
transistor havingya gepin and a source,

Although sense amplifiers are technically necessary, from an economicat
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.

20 Therefore, continuous efforts are made to minimize the area consumption

of such sense amplifiers.

SHORT DESCRIPTION OF THE INVENTION

The object of the invention is to propose a simplified and robust memory
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sense amplifier.

For this purpose, the invention proposes, according to a first aspect, a
differential sense amplifier for sensing data stored in a plurality of memory celis of
a memory cell array, inctuding:

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

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

35 - a pull-down transistor having a drain and a source,



4 the pull-up transistor and the pull-down transistor of gach CMOS inverter having a common drain,
said sense amplifier having 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 5 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 4R dShsHRERNS 0 34110 tPAlksAer Biagssalod Reahr&MGStdmerter Other
preferred, although nopaiindativsmaspesisef this sense amplifier are as follows: 10- the pull-up and
the pull-down (Ma%, M32 trar{%i‘sé[roks are multigate transistors having at least a first control %iaée and a

second control Sgtef ENd WhEreln o the Set At orﬁ?&?'égfgstf)ﬂﬂg 3II%‘EWS?&5P§%?QQS n by a
pull-up second Eustrandigpeand bit lines the Sinsbradderigobgdtglonr!thi ks orapexdiveistoss ase driven

by a 15pull dowg, segaiid.canizobasitiah rhRerifesRatMSeBmABRITIREISMAIRLRAL and the

semiconductor-on-insulator substrate compn%r%g_a thin layer of semiconducting material separated
from a base sub&ae bg'WPinAiadiNgsayEsRatT VR ereMNEE e dbRd BBHIHI§atianSE HacRntrol
gates formed in dbestiasesbbstramubalpwrineisostslakingd aya; dowiOeriigittansistors are FINFET

devices with independ L #J%lp gates - tg ense,amplifier further comprises an equalization

! . &0 4|ENOTeR bR L . it

transistor having a sou%rj(ge and a drain respe |v'{e1f§] c‘ou‘%etav?d one %ﬁstﬁe SR second bif fﬁwes; the
equalization traf8i§¥owsa multigate transistor having at least a first control gate and a second control

gate connggted togriham 4p- e eiirateniransisionis f RaMRRAYRedransigiatLRysicalyranged
B e P SIErS A S TP e B B S0 g el avrenged to be
respectively
o the second control gates of the pull-up transistors are driven by a pull-up
second controt signal,
o the second control gates of the pull-down transistors are driven by a
15 pull-down second control signat;
- the differential sense amplifier is made on a semiconductor-on-insulator substrate
comprising a thin layer of semiconducting material separated from a base substrate
by an insulating layer, and wherein the second control gates are back control gates
formed in the base substrate below the insulating layer; or
20 - 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
gate and a second control gate connected together:
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- the equalization transistor is a P-MOS type transistor physically arranged between
the pull-up transistors;
- the sense amplifier has a pair of precharge transistors arranged to be respectively
coupled to said first and second bit lines, so as to precharge said first and second
bit lines 1o a precharge voltage, wherein said precharge transistors are constituted
30 by the pull-up transistors or by the pull-down transistors;
- the pass-gate ftransistors are constituted by the pull-up transistors, and the
sources of the pull-down transistors are electrically coupled and connected to a
pull-down voltage source, without an intermediate fransistor between the sources
of the pull-down transistors and the pull-down voltage source; or
35 - the pass-gate transistors are constituted by the pull-down transistors, and the

sources of the pull-up transistors are electrically coupled and connected to a pull-



coupled to said first and second bit lines, so as to pregharge said first and second bit lines to a
precharge voltage, wherein said precharge transistors are constituted 30by the pull-up transistors or
by the pull-down transistors; the pass-gate transistors are constituted by the pull-up transistors, and
the sources of the pull-down transistors are electrically coupled and connected to a pull-down voltage

source, without4BnvPHESH SAHEEE triitERE rBetifeEReHR o LB SSPREWRCACWA SRITSRRGYSIBAG the

pull-down voltagelsapiieangstdf- 4he Prspuliale Fansiriestiate; constituted by the pull-down transistors,
and the sources af{thsg Stejlléu 1tr enrs'strgggs ra(r:erglectricall cou?led nd connected to a pull- 5 up
voltage source, witholt an In imhediate Tranaiator betveah HePss %regseémﬂg%ans_dv Fr’é%gig?&s and
the pull-up volt@gecbargedransistorsnare anyitigetdunhenistomndrindsgaapdirast préohugmtraingistors
wherein the pregharoe fpisiars s o riigatediansistiqes, having at least a first control gate and a

second control gate connected together. According to a second aspect, the invention relates to a
method for controlling a differential sense amplifier according the first aspect of the invention, said

sense amplifier being aordrdited to perfetanapasations foe prerehasging:theditd Otinastisenssg and

iting-back d in a ' I Il int dify th
g back i NG PUISIOLIETV 8l AATON Sl s e ey e

| ITE C e pulf-up second control signa ana%r the
pull-down secof#i¢&efes YBRAGEr reingsdifitglied to parfigren prefatieds Arhpteyhnaogifinthathie,

aspects of the RO a1ErasahalUAYS: tHEKiNghe PERSRATGR APBIARRY toamilypeasosd control
signal is applied to the se(fond control gates of the pull-up transistors so that theﬁll-u transistors are
conducting and BEORH AR s EttrarS }’lér'ﬁs%ﬁfﬁéﬁ’?oaﬁfé%mayc rg\fg%{%g’alf the
pull-down transisinss sontitiditethetpellpddivup treasistorsrarelneigificanddctirthe opultdowg aquecharge

operation, a higgogldla%ﬁggggpquggﬂeﬂgnal is applied to the second control gates of the pull-up
transistors so that the pull-up transistors are not conducting and a high putt-down second control

signal is applied to the $88brRIZEHPE RHES S HOPUIBBARVE arfsReEEs 86 et MEtHad-dstvias

transistorg 25aresttewelucting; - during a sensing operation, a high pull-down second control signal is

applied to the secpnd contro(I: ates of th igi)ull-dlown Lrﬁmsistors sp that tlpe, ull-down tranpsistors are
ntr

conducting and a '“llré?gpauﬁfﬁp Secong contal %igor‘f\éﬁs éﬁ%l?gﬁc{'ad?ﬁgn§§%osﬁ 8 Fﬁ&ﬁ%}ft $0HRe
pull-up transistoiecondieantiel maagpofraheistelisuprdransistors so that the pull-up transistors are

conducting and a low pull-down second control signal is applied to the second
controt gates of the pull-down transistors so that the pull-down transistors are not
20 conducting; or
- during a precharge operation, a high pull-up second control signal is applied to
the second control gates of the pull-up transistors so that the puli-up transistors
are not conducting and a high puli-down second controt signal is applied to the
second control gates of the pull-down transistors so that the pull-down transistors
25  are conducting;
- during a sensing operation, a high puli-down second control signal is applied to
the second control gates of the pull-down transistors so that the pult-down
transistors are conducting and a high puli-up second control signal is applied to the
second control gates of the pull-up transistors so that the pull-up transistors are
30 not conducting; or
- during a sensing operation, a low pull-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 and & low pull-up second control signal is applied to the second
control gates of the pull-up transistors so that the pull-up transistors are
35  conducting;



30not conducting; or - during a sensing operation, a Icg/v pull-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 and a low pull-up second control signal is applied to the second control gates of the pull-up
transistors so that the pull-up transistors are 35conducting; 6 - during a write back operation, a low
pull-up second cantiog sigmeikés taapliepktatibe, se condrbdhtp| gates! aloiitegd sigup! tiarpisters o that the
pull-up transistqra age GandHeHR0 A AdIGHePHIIRN R SRERRLHCODIRLEIENAL I ARPliad G bR second

control gates of the pull-down transistors so that the pull-down transistors are conducting; - to perform

a read operatio® SaeRfFineRe R I RYsionG: srsRAMISAPHNkEgoRine aRRRR COHIRPRYRRRS of the

pull-down transiggtisseasdmiutAdhsunudbdawinanarRetstoss inkadepe han-made tesnsisterpariorm a
read operagion, a I(éw gull:up second control signal is applied to the 10second control gates of the
pull-up transistors 'S0 as to turn the pull-up transistors into depletion mode. According to a third
aspect, the inventiopedtates teeadsepsicdintuctdrighepabridmcosporat mpeiroesignal dekppligd comprising
at least one diffgenablaesec,agupllier areopiiiasiihedrsisorest al the dReomRHNT
DESCRIPTION OF THE DRAWINGS Other aspects, objects and advantages of the present
invention will betBTREBEHEFAAPRIRHANPBASSTing the following detailed description of preferred

20embodiments thesechrgivencas boerititting exampplesp ardonadentith sefiesencepimithbtapphended

drawings wherein : - Fig. 1 i ircuit diagram of e amplifie offthe rior. art; - Figs. 2a and 2b
illustrate s\il\g]nalss ¥ %?dargg !itpgli%ég[?o 8Fr %Féer? lrjg:é" Wi ﬁ%%os%r?geagr%op ifier %ﬁﬁeﬁér’{lj r %’%?3£°§g. disa

circuit diagram #¥ta depssiemiphfier in accordance with a first embodiment of the first aspect of the
invention;

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

SHORT DESCRIPTION OF THE DRAWINGS
Other aspects, objects and advantages of the present invention will become
better apparent upon reading the foliowing detailed description of preferred

20 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;
- Figs. 2a and 2D illustrate signals that are applied to or generated within a sense
amplifier of the prior art;
25 - Fig. 3 is a circuit diagram of a sense amplifier in accordance with a first
embodiment of the first aspect of the invention;
- Figs. 4a and 4b illustrate signals that are applied to or generated within a sense
amplifier according to the first embodiment;
- Fig. 5 is a circuit diagram of a sense amplifier in accordance with a second
30  embodiment of the first aspect of the invention;
- Figs. 6a and éb illustrate signals that are applied to or generated within a sense
amplifier according to the second embodiment;

- Fig. 7 illustrates a possible topology of a sense amplifier according to the second
embodiment;

O8]
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- Fig. 8 is a circuit diagram of the sense amplifier according to the second
embodiment with an equatization transistor arranged between the global bit lines;



- Figs. 4a and 4b illustrate signals that are applied to @ generated within a sense amplifier according
to the first embodiment; - Fig. 5 is a circuit diagram of a sense amplifier in accordance with a
second 30embodiment of the first aspect of the invention; - Figs. 6a and 6b illustrate signals that are
applied to or generated within a sense amplifier according to the second embodiment; - Fig. 7
illustrates a posskige jlalegytet a senseoatplite naaterding kibaiascondtanabadithespedbofig. 8 is a
circuit diagram 8{‘&%3&{}5{?_ amplifier according to the second embodiment with an equalization
transistor arranged between the global bit lines; 7 - Fig. 9 illustrates a semiconductor memory in
accordance with a third aspect of the invention. DETAILED DESCRIPTION OF THE INVENTION 5
The operating proces$et fiopest senseeamtifienagilugmated 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. The depicted timing is purely illustrative. 10The first
operation before readiftempspaniegnoncesliof 2guial zaticarardcpraiftiarge i Tusersexsen diigplifiar is first

tumed off by seffigadne head syl sandrolsianal Opaiabigh valiadedpysland e (et puitch

control signal 4)N5w to a Low voltage Tevel. All intern es of theé sense amplifi oating.
Prior to this ope¥88BrR 1 etielifiseabtha@denaet dnfnrratorhare pdisiadad by dlenctrimsidie
providing compigiaeaiacyddatandilonsipnluspitages on the bit line BL and the complementary bit
tine /BL, depending on_the previous operation. ualization is performed by applying a high
voltage Ie\ﬁepl to the eqnﬂéﬁzfa%fgnoggm?g ns%%?glr fp%?ﬁ%%gtu?Htoﬁ mgﬁ%{ﬁaﬁﬁ tilane\égﬁgéfd&rgaf?thereby
shorting the bit ﬁmm?{gm%ﬂ@seﬁmgltﬁeﬁriV(ﬁita‘gw@mlwﬁtmbleettéwt{zalbea‘dBm ¢artirelsame
time, the prechajge, (BRgISIOE et vE2R e e AndHoUah s GBI R EANIE) SianalpeH. I

this example, the precharge transistors T61, T62 are N-MOS type transistors; henqevfhe precharge
transistors T61,VPBassréafntiontisynapmouey athigh vensgarenéiies trepnscRariinsomier signal

Opth. The prechrigepitiang, RepeféBiRd 2 Nale senséhaisified Wiskienal ¢Rrkearensing to the
equalizatiqn and, precharge oPeralions IS ven Y 05l Fgs; 23308 22 the bit tine BL and

the complementary bit line /BL, depending on the previous operation.

Equalization is performed by applying a high voltage level to the
equalization controt signal ¢gq. to turn on the equalization transistor 750, thereby
shorting the bit lines BL, /BL and setting their voltage levels at the mean value

20 Vgu/2. At the same time, the precharge transistors Té1, Té2 are turned on through
the precharge control signal ¢pcy. In this example, the precharge transistors T61,
762 are N-MOS type transistors; hence the precharge transistors Té1, T62 are
turned on by applying a high voltage level to the precharge control signal ¢pcy. The
precharge voltage Vpcy 15 Van/2 here.

[ o)
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The related time interval corresponding to the equalization and precharge
operations is given by tp<t<t; in Figs. 2a and 2b.

The precharge operation compensates for possible ieakages or unbalances
which may result in a small deviation between the precharge voltage Vg /2 and the
30 voltage achieved at the bit lines BL, /BL through equalization.
After equalization and precharge are completed, the precharge transistors
T61, Té6Z and the equalization transistor T50 are turned off, corresponding to time
ty in Figs. 2a and 2b.

The voltage of wordline WL is switched to a high level Vi 50 as to activate

(e
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the cell access transistor Mc. The memory cell C and the bit tine BL share their



The precharge operation compensates for possible legkages or unbalances which may result in a
small deviation between the precharge voltage VBLH/2 and the 30 voltage achieved at the bit lines BL,
/BL through equalization. After equalization and precharge are completed, the precharge
transistors T61, T62 and the equalization transistor T50 are turned off, corresponding to time ti in Figs.
2aand 2b.  chargbe volagatiohvedrdiinediigis fyptehedrichathighd el Yasirrorasnio ewtivate 35the
cell access trangister ] [ I nd the bit.line BL .share their harges. A variation of
the voltage ap&@a%éé %w%gtﬁﬁﬁg?cﬁggéif%ﬁgr'%ﬂ '&ge%%%ﬁ% h?e"s‘ﬁﬁ?ﬁgsirﬁ} %&/‘&tgg?e%aﬁ?e hce
between the vollged s thalbst e $BL VEBiatiPhe SRMAAGIGhLS Viatiefetoniparsttageheetbeence
voltage on the camplemantaiyohitiine MBLiisMeBPHSRARION: 5 AV = VBL-V/BL= (CcELL /.V _C)*
In this equation, VCELL is the voltage stored on the memory capacitor and EC =C CELL CBL Cm.SA
corresponc?s to the sum of the capacitances of the cell C, of the bit tine 10BL, and of the input
capacitance of the sense ampMievg,SA (Tdis ARftagevaviation 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 R ERt8AHALIGR. YawaitotD VORHe: Kgiedorne theasstormdoaptitahandelllC::a, the

voltage initially gfoted withii e SRl toithihe ol SHERbYeIAE.Y B PRLY- A0S Voliage o fhg it tine BL

is slightly increased and the voltage variation AV becomes positive. This situation is illustrated by Fig.

2a. If a logft "z@o"%ﬁ?gﬁ%wwgrﬁﬁ%téaﬁ@fi Baseseiemetififlafy storBl YAEH@CaH is VBLL
or GND, the voliaaigcod th:bielidiéf Bens2beslightlyrdesicasedmnd ghe voltage variation AV becomes
negative. This situatioR is illustra i . At time t3, the sensin ation is started by
raising the foot switch%%)%g‘glﬁi%gé?al g\% tépg H?g A &;ghlggg Iset%?%dna?tj" Fo%%?n%(r)ﬁ t‘#eo%%t Witch
transistor T40. Phé tegitmstiSolnéevebdacoranetiunl Ao isrpositisis o 9agtivE3 Pesputialy. piiled 25

down (0 the lowgtppbyrpbaaebesipbaiieRullAounaliacesaurg: As the voltages on the bit
tines BL, /BL are respectively set to VBLH/2 + AV and VBLH/2, and as these voltages are applied to

the gates bf the pull-d&wh!B8Rsieisrs Wakst97s YAEUINGAARY frandisthir velerdpitialsis@iadare thus

turned on. within the cell C is the high supply voltage Vi, the voltage of the bit line BL is

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

iltustrated by Fig. 2a. if a logic “zero” was stored within the cell C, i.e. the voltage

initially stored within the cell C is Vg, or GND, the voltage of the bit line BL is

20 slightly decreased and the voltage variation AV becomes negative. This situation is
illustrated by Fig. 2b.

At time t;, the sensing operation is started by raising the foot switch control

signal énsw to a high voltage level so as to turn on the foot switch transistor T40.

The common source node of the putli-down transistors T31, T32 is thereby pulled

b2
th

down to the low supply voltage Vi, Of the pull-down voltage source. As the
voltages on the bit lines BL, /BL are respectively set to Vgu/2 + AV and Vg /2, and
as these voltages are applied to the gates of the pull-down transistors T31, T32, the
pull-down transistors T31, T32 transistors are thus turned on.

The cross-coupled connection of the two pull-down transistors T31, T32
30 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 transistor and pulls
down faster the corresponding drain voltage that was already tower than the other
one. The voltage difference between the two bit lines BL, /BL is thus amplified.
The related time interval corresponds to ty<t<t, in Figs. Za and 2b.



The cross-coupled connection of the two pull-down transistors T31, T32 30 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 transistor and pulls down faster the corresponding drain voltage that was
already lower than the other one. The voltage difference between the two bit lines BL, /BL is thus
amplified. The relatedAtminatesval eosespopaittants tsthirekdySaaefet 28iffSrenceAditinae td, in order
to saturate the glre lified difference,signal tg the full hi upply volta Hsupply, the head
switch transisto%r“sf‘l?(él I};%@}Eg %g)rllytﬁggﬁr? th‘%ﬂ’@a s%vﬁgha é:osr%r}o%si%%é @p%v%ﬁ there lf/'%% liRg up the
common sourcéhodtik el haadrawiichorermt sigz towear dberebhighlsopply thetagarnbisspogeof the 5

pull-up voltage goree, il (e FamRBANFAT, %@E&%@H'kﬂ@%ﬁ%ﬁ@

fﬂ?oﬁ%e 32, 8f the
cross-coupled connection of the pull-up transistors T21, T22 gives a er gate overdrive voltage (in

absolute value)teHB YAHRISSPHTHER tihe mﬁ,éﬁfassw@edréﬁw-@-ésereﬁm?a@bta@f&i@r@ésvma. The
process is comfarakie tordhe npideswinedtfon diapaibelowp transisorsT3 1 TI3dneytekge pull-up
process is 10ohtained resulting in a larger. vgltage_difference hetween the twg bit tines BL, /BL.

e combinatich ot DU Rl A e 8 s e R S b
transistors relat@@PiPBEUSESCE Y. o WRcamsiificativh BrapesyoRagemiiffeaiiacéchgeditthe bit

lines BL, /BL undiltihe S ualtageaypis amiaashedsi5mihe sasadlenicted infigraawhere a

logic "one" js stored within the cell C, the voltarge difference between the bit lines BL, /BL resulting

from the initial pSRI08 Eﬁf&&@%&ﬁé‘{i@ﬁ%ﬁv&‘ BTOHHEE ePT SSLYERDANS FEACHEHDED Bhat e voltage
of BL equals the high $tpglymnvmitageVdd pptihevhil ehimene b bagsichtheaiareplpoiedtany prtties /BL is

pulled donn 10 gk sup R agsadsunal e T eassdlepiaiedin i Shuina pogo zero”

is stored in the cell C, the voltage difference between the bit lines BL, /BL resulting from the initial
negative voltagdhfaYRifres SieiRiIFieat e eRINMENIIRasEhs LA witilfedl EMOBYRIRAR/ S¥akilize with
the voltage of thediklageBL at the level of the tow supply voltage Visupply and the voltage of the

complementary bit ling /BL at the, level of the. high supply 15valtage YH"opty., .. .The conteni of the
cellCis tﬁfe]:’fw restorecﬁlﬁ??sﬁ%?ﬁa‘f%ﬁ}gga?tE‘é'\%’SrHVLW#g \ﬂ/io%’cstl Sct]i%}%%dT%QWoﬂ[‘ﬁtﬁﬁgé’BL and
/BL are saturatetiatvolta@s difitagadeietwagoidhey bitylinasebit thidugleshidise fserartipifioitiahese
CMOS levels canbaveasiideansipdaddater 10 dhp gtrialRt 18asARidd AtheabdhePass qaLe 30

transistors T71, T72 by rendeéring said pass gate transistors T71, T72 conducting by means of the
decoding signal*P52Ee. RS Bhnagbals iien MRS SHRPMhdY9%285e Yetated IS itRenR @88 <ShdhEs to
t4445. At tirogmibleimandey tsiréliadn/Bleicpialin thevaelCiihevel aptesalransistor, Maenstigrned off

by deactivafj ' p.e. [ tage levelto t I igpal 10
A time 16,110 Toa SR Bt T i S Tt Fhcl ek et e Binsw o

a low voltage leviffafesrshhsavramEneneicbnimBh sttirceskbidrReoT eve heliadivhnesatioreltese, T32
from the pull-dov4r¥aBAQe $OHFESfied so that the voltage of said bit lines BL, /BL finally stabilize

with the voltage of the bit line BL at the level of the low supply voltage V g,n, and
the voltage of the complementary bit line /BL at the level of the high supply
25 voltage Visppiy-
The content of the cell C is then restored to its initial 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 gilobal bit lines 10, /10 through the pass gate
30 transistors T71, T72 by rendering said pass gate transistors T71, T72 conducting by
means of the decoding signal Ypee. As can be seen in Figs. 2a and 2b, the related
time interval corresponds to ty<t<ts.
At time 5, in order o retain the data in the cell C, the cell access transistor
Mc is turned off by deactivating the word line WL, i.e. by applying a iow voltage

level to the select signal dw,.
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Simultaneously, the head switch transistor T10 is also turned off by setting the head switch control
signal Opsw at a high voltage level, thereby isolating %e 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, T22 are thus deactivated. | OAt time to', a new cycle begins with the precharge and equalization
operations as describedtithevg, the fowrdeitth wridesdasa ™0 thaewekkE off toyresditigettlatéostored in
cell C, a high vgltage level decoding control signal YDEC is applied ta the gates of the pass gate
transistors T71?Mﬁ] S%og%% %b%ﬁatlhg?ﬂ”otcr? TSQ)W Vflllv?/??%m%\f) in’ll%ﬁ gb of g%tgtﬁgg érrhepﬁg&rnz%%:ording to
the first aspectsofithe inedntidnthadpbéidawsotiznedtoperbiihg tiackemwiienmihdotadvetagemethod in
accordance withythe.second aspect of the invention are described hereafter. 70 First embodiment

As illustrated in Fig. 3, a sense amplifier accarding to the first embodiment of the invention includes

four transistors M21, PSRAELUEES s HSBGHBEhLranttistRlo HaitiGha BraamhRit BYarRiEnss Me1,
M62 and one aglditional esitahizediamndransiatop ot dShgfanttighel bhsiratiagpypriotaditsense

amplifier, and for simplicity's sake, only. one word ljne W andFI? e aory cell C are shgwn on the left
nan side of e SUNE SR a O L PR 5 e R eSS et of
a cell access tramiiztor Me, said-gell 2t eplrdpistoranristorindating The, mekhory LelkCtdhbit tine.

30The differentiplsenge.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 o a first bitfinEBE. dhd &n HTBUYEH RG&R 0 W R cifd BIERRR A8 L AWMPBRIARAEN to the
first bit 35line Bhpedatiors secsdribbtOBonrerter having an output connected to the second bit line /BL

and an input connecteg B?&Qﬁtfér%#i&'ﬁ‘a‘%ﬁjntg%ﬁg M QISR LORRIR Grorcd RiLpLrapsistor

M21, M22 having a drain and a source, an
high voltage level decoding control signal Ypec is applied to the gates of the pass

gate transistors T71, T72 so as to turn them on.

Two 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.

20 First embodiment

As illustrated in Fig. 3, a sense amplifier according to the first embodiment
of the invention includes four transistors M21, MZZ, M31, M32 for the inverters,
with two additional precharge transistors M61, Mé2 and one additional equalization
transistor M50,

2 As for Fig. 1 illustrating a prior art sense amplifier, and for simplicity's sake,
only one word iine WL and one memory cell T are shown on the left hand side of
the sense amptifier. The cell C is addressed by the word line WL that controls the
gate of a cell access transistor Mc, said cell access transistor Mc connecting the
memory cell C to a bit line.

30 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

an input connected to a second bit line /BL complementary to the first bit

35 line BL,



5- a pull-down transistor M31, M32 having a drain ani a source, the pull-up transistor M21, M22 and
the pull-down transistor M31, M32 of each CMOS inv }’ter having a common drain. In the
depicted embodiment of Fig. 3, the pull-up transistors M21, M22 are P-MOS type transistors and the
pull-down transistors M31, M32 are N-MOS type | Otransistors. Differing from the prior art sense
amplifier described aboyeethadoOMop itiansistorsivMg knNdtbanddhscptébddevndransistors: Mad , M32
are multigate transistoys, haying .at least a first control gate and.a second control gate capable of being
biased in order to mo Ll?ILaFen %%%Wr%% o n\?o%%cgooh%g%gr%gfg?w h 15respect to the first control

gate. For examptshth¥@rdnvemanre@nsiging be a front control gate and the second control gate may

be a back control gate. 5 puMiereARME RRASIRE halifle LHAGRHRENSS APRPfiRr are fabricated in
bulk silicon,CMOS technolﬁgy, the transistors_of the_sense amplifier according to the invention are

preferably fabricated i SRHESHAAIEERNHS b2 82078 J0IERIARIDGSOUTCe:  Se01 transistors
have a tower ramgoputhopshalesigodtagi@ Misttiatehdcahepardddovioulkr SMOS falBricatad tednsistors.

Random thresh@wo\éqmﬁgpmﬂ%g Eg%nlgr{gﬁgil&s_ from a voltage deviation proportional to the square
t

root of the active area of the transistor. Thus, the use of Se01 transistors allows the 15 dimensions of

said transistors to be diERAaRiF e RINESbReE Ridtiss vrifle Rating drragetstabie! rdtfoatthreshold

voltage mismatphw@'@&f@@tﬂﬁm@@@ﬂ%ammﬁ%ﬁwe@éagﬁ@@mmm%ﬁ@ iﬁﬂ@&'&@@
bulk-base countergart. Moreover, the size of interconnects can be reduced thanks to smaller

transistor .Oln atfﬁ@ BHSy embodiment, the differential sense amplifier is made on a 30
semiconductor-on-insulferisgfstmatéhfopimstaart esarsiicommifimsdistoitsubstrave, dhmpriding a thin

layer of semiconeieling aterial\pePatRted {0, RARGSUPSHAERY R {NsMsing-lavel, dhg dirst

control gates are front control gates and the second control gates are back control gates formed in the

base substrate HEBFiPre-iRa1iRgiAg Layer fifik PR GHEmaY BESE)LeMEREatD 2R Rfisistors.

12 Alternativeingthnab@nhsistorgcef thensrnsetampificirasadtinbEiapepefransistansivith wigependent
double gajes. AEIREET YR HAnSistorgansists of 2. in waish.forms e aetive.channe and
surrounding contrdl electrodes which fornt the gates O tN& transistor BAG 2 Fon i ing ﬁlustration, in

_the following desenijstibgate wil iaerefsardconpial-gptamap ik dovarkeanisiogateéach having a front
control gate and a baclyranize! @aterMsia SRNSCIENonadigicerdrbeale ateaahuileniand

pull-down transistor is a front control gate, and the second control gate of each pull-up and pull-down
transistor is a bRHECHHEY SR> ACCEPAIRGY, the BT YEBh M Eorinse 1R iVt ¥ack gate
control signal andg¢hipettidowarse poaidcdirolatignated in Semiconductor-On-insulator  (SeOl}

20 technology.

SeQl transistors have a lower random threshold voltage mismatch
compared to bulk CMOS fabricated transistors. Random threshold voltage mismatch
mainty results from a voltage deviation proportional to the sguare root of the
active area of the transistor. Thus, the use of 5e0l transistors allows the

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

in a preferred embodiment, the differential sense amplifier is made on a

30  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} SOI transistors.



is a pull-down back gate control signal. Turning back to Fig. 3, the back control gates of the
pull-up transistors M21, M22 are connected to a comrion pull-up back control gate on which a pull-up
back gate control signal 4,BG is applied. The pull-up back gate control signal 4/})3G can 15take
voltage values within a range comprised between a tow voltage level VPBGL and a high voltage level

VPBGH The bacligentsolgntesthé theapilb@pyvnoiranfistesasy SmMdteararonnacteadip

common pull-dgQwn back contral gate tq which a pull-down, bac te control signal 16 . T
NBG is appliedc.% nét%gﬁs- o[\}\%n zgggReéw %ﬂgo%%%’lp i&ﬁ%ﬁSZLI@B 18%%161{5}2%%81@55 ﬁ\féﬂﬁ%{ét?/v%ﬁ a range
comprised betwkhith Briovhizdtagedcinel MNBE chambel woliagetoigibingheontrdlighectitaige ieviehVNBGH

The sense amplifier, tehRrLAsPRNS S AsRed Of precharge transistors M61, M62 coupled to the first bit
tine BL and_to the second bit line /BL, respectively, and arranged to precharge the first and second bit
tine BL, /B to a prech3tde0BIHEERS Nisrptioruitl ihaciplérniag fosiie trawi et eerigfisrsepply
voltage VHsuppty aotl-tpe dodv mulpalywoiegeidtbrsseapty havisgneanvaliimisousaalyahalithadrgh
supply voltage Vi oy. high value, i.e. VBLH ince the law voltage level Vila of the low supply
voltage Vizuppi§c|§§3§te%a%s' gsréll%{?gsnecqeu?&c ?he{ %C)éfk?]err%/g?tﬁgrgqs?’ﬁte? @QBEL &:%‘%H% the H?&Vgsoﬁvﬁgély

voltage VHsuppliRassteRdstevirelppRnvsitassevianh g apsenliaipriobgatetioéird0hiyh  amdarsiv
voltage level, regpecivaitr-dnpEesharasonkehaiBnat @PaELisanpledie e arias Qhsridprecharge

transistors M61, M62. A sense amplifier must be turned off to avouﬁcmy conflict between the normal
sensing opdraticEHd ALY 1}5’1iEfﬁ%ﬁa&ﬁ&BPé%a?é%6&%&%%@%%%\%9“ TR permed

within state-of_—tﬁeaantfﬁe_:im@_rmbdiﬁm ctl:;ptmhisigwa_tf the head 35and f_oot switch tr_ansistors T10, T40.
L ocording 1o he imyegtian eeawichaRaisk o TAR 14D of e RGOSR R sense

amplifier turning off operation is performed by rising the thre voltages (in absolute values for the
P channels) of tN8%alRGPHIRE S eI Gvre RIS RtEsun DRclvoonties gakn 3 suhisht s aiditknBistors are

not in a conductijgeCHatelaidha pltagessmriiedihiring the eshakte epsrasiopgddsifreshold
voltages oi the puLI-up tand puil-down transistors M21, M22. M31, M32 with respect to their front control

gates are raised B MRPEe SAHRS LG e AN BR CRBBRARS HERE N AlMsYeliags iR nGsalPRSLr

- transistors are savitighedlvézs. evebivdered blocking, for all possible combinations of voltages on the bit
lines BL and /BL. 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

signal ¢wec is applied. The puli-down back gate control signal ¢ can take voltage
20 values within a range comprised between a low voltage level Vige and a voltage

higher than a high voltage level Vyggn.

The sense amplifier further comprises a pair of precharge transistors Mé1,

M62 coupled to the first bit line BL and to the second bit line /BL, respectively, and

arranged to precharge the first and second bit line BL, /BL to a precharge voltage
25 Vpen, usually at the mean value between the high supply voltage Vi, and the low

supply voltage Vispny. This mean value is usually half the high supply voltage Vg
high value, i.e. Vg /2, since the low voltage level Vy, of the low supply voltage

Visuppty 15 used as a reference for the other voltages, i.e. Vg = 0, and the high

supply voltage Vuappy and the low supply voltage Vg, are usually then at their
30 high and low voltage level, respectively. A precharge control signal ¢pey is applied
to the gates of said precharge transistors M61, M62.

A sense amplifier must be turned off to avoid any conflict between the
normal sensing operation and the egualization and precharge operations themselves.
This 1s performed within state-of-the-art sense amplifiers by turning off the head
and foot switch transistors T10, T40.

|5 ]
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10 It shall be noted that it is possible to suppress onl\yrone of the switch transistors T10, T40, although
both switch transistors are preferably omitted. The invéntion is described accordingly. The sources
of the pull-up transistors M21, M22 are respectively directly connected to a first and a second global bit
lines 10, /10 acting as a pull-up voltage 15 source, without an intermediate transistor between the

sources of the pull-upA¢asgisioreoMad, 1M%2\t@6\d theolebRibirinastd e, 1@, Camparethwithatbe
afore-described rgq:g Clart seqse a gllfler t} f arc_inswnc transi orq TlO |J§fom|tt gjlthereby resulting in
a more area efficient sense a%é?? af’ﬁ% slgurclés Sfife poI][‘3 qown trsaﬁgls%rs K}Fﬁgare directly
connected to 2mmmmmmta@ea@gmw prdvidirigrattenPsoppipalsltat ¢ Lisuppry andtivolit an

intermediate RS AARGEE MITC MEMIRES OMEIEBUIHQNIY ¥ARSISIOrS M3 koA %eﬂo%ag" -down

voltage source. Comparing with the afore-described prior art sense amplifier, the foot switch fransistor
T40 is omitted, Y&Fe b5 rdRBINRYRTSE ﬁ&%‘%ﬁeg%?ﬂéle“?s&ﬁgéhéﬁgﬁl|f?é’f3r2§Pﬁrtﬂ-«5¥e tibesldistors
instead of four tslasistoss are ;mﬁmluecﬁad mﬂ%mbmmmﬁwmllwmya@mw&mambm
pull-down voltage ga oz, herchy (elaxing e canstainis o s dfvoligae relfanships, o The
equalization can occur roug ualization ransgtor as descn N the State- oF the-art
circuit. in order%@@nﬁﬁ@%aﬁ@%@?ﬁlé’@é&ké@e@go BRUTIBSENRES Wﬁ?@hﬁﬁa@ﬁreé@lt rerderagll

deviation betWQﬁ‘Bcﬂ?@gPES@BWS@SMB[@@WHJQ&%QJF&%@&H%@H@Q—‘ix@é%@%%BPBLB|— through
e trans stors M61 and M62

equalizatipn, a precharge operation is al o performed through the recha

like on thf@tate of-thetatt ﬂctﬁnt BR&Yi atbgfdf‘epga I]p ngSHPB 5?F0P3{195%é3 M5 e read
operation is peti@msisthitsyTtHe [yl ug tinanghs terth e itcM B2 ogidhpr3 Sitee preliedalvin traitsestoiid/31,
M32. Hence th‘?n%ﬁﬁ&ﬁ@d@?{%@&?%’%@éﬁdﬁ@‘?“wted by the pull-up transistors M21, M22 or by the

pull-down transistors M31, M32. 14 Dedicated pass-gate transistors 171, T72 as shown in Fig. 1 are
thus omitted in this setBRGAHSSIAhERE, 80lisun e g W@oéfﬁg@éﬁ’ﬁ%l‘@&n&?@ﬁﬁc The

pass-gate transisiaiscean stitaledtbynthe pedbup dlapsisnraddz o M22 @dﬁtmgtaeaoyumgwnolrca@@stors
M31, M3 are arran ed t(gh%%gnect .the first and %econ(gﬁblt li es, BL /BL?Oto the fl{s{ha cond
global bit ines i% , SO'as b Hal LR R bt Prs and the s8B0Na bitlines )“E)L) and
the first and thetwﬁmdrglmaéj MERners1the 19obebputtivety. 10, /Kurthemmsirese theﬁpm@jare

transistors are prefesghly $hg P4l U HANSISINS M2 1M 22N wREANG QA MANLLS daresded with

the pull-up transjstors M21, 10M22 as pass-gates transistors and_thus connected to the global bit tines
10, /10. It SHIATERY Feed ‘Tﬁdf‘?n%‘ﬁf@ fepsticiptbensmaBpiiE®e constituted by the pull-down
transistors M31, M32, The pultaiawh thansistaio 3taidsDaitd baleonredied tiy itenedabad bit lines
10, 110 m%eada pull-down voltage source providing a low supply voltage Vi, without an
intermediate transistor between the sources of the pull-down transistors M31, M32
and the pull-down voltage source. Comparing with the afore-described prior art
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

[
A

between the pull-up voltage source and the pull-down voltage source, thereby
relaxing the constraints in terms of voltage relationships.

The equalization can occur through the egualization transistor M50 as

described on the state-of-the-art circuit. In order to compensate possible leakages

30  or unbalances which may result in a small deviation between the precharge voltage

and the voltage achieved at the bit lines BL, /BL through equalization, a precharge

operation is also performed through the precharge transistors M61 and M62 like on

the state-of-the-art circuit described before. Compared to a prior art sense

amplifier, the read operation is performed by the pull-up transistors M21, M22 or by

35 the puli-down transistors M31, M32. Hence the pass-gate transistors are constituted

by the pull-up transistors M21, M22 or by the pull-down transistors M31, M32.



The global bit tines 10, 110 are connected to a furthe fignal processing 15 circuit (not shown), usually
referred to as a secondary sense amplifier (SSA), forEprocessing the data. The secondary sense
amplifier is in particular used for detecting and exploiting a differential signal generated on the global
bit tines 10, /10 during read operations. The equalization transistor M50 and the precharge transistors

M61, M62 in 2Dkl paetgaxplicihgishownas SR ladenisenwitlFaakaeeniol gairsedringipart of an
501 integrated clieull they, s elerablyrealized a8 ROYansislors as el ey cap beultigate
transistors having At east & Hrst Control gate Ahaa seco%g contron garfe cap%b?e dfbeing Bfaged in
order to modul#ateHEamsistsie lcpusiitiiecoby dhe thaisistdransisters peit, i\ 23 air istioonubidgate. 15The

equalization traggisiRfdMIRANg iheaRrefhatgedtanshaiore: MG (62 f@aleinafe miearL, /8L

semiconductor-on-insulator substrate comprising a thin Iaéer of semiconducting material seFﬁarated

from a base subStaEe 5y AGheaRh 8 RRA P RS Ahé S 6P ot aledoLs PERMR O IOl gates
formed in the béisst sabisthatesbehavbithériesydatinglayerd 304 tieit rasp eietivedoadketanit divdliages are
then chosen at i@lzﬁ % g&l&y&@eir operations to be performed. Optionally, their respective back
control gates and theit respective front control gates may also be connected together to achieve
increased transconduEt4HRES, FERERtMG PrFaRRtecHaaRERISREh BTpfetYddeRuhaBARResiSIABifier. 15

Operating P{?‘Cﬁﬁi’e ,Ofm_zs,et!h%es@@&ﬁH?@h%%ﬁwggé%@{ﬁﬁat%&@gﬁéﬁgﬁﬁg&Qéﬁﬂs%@é%gﬂjg%sd
transistor e gperating process of.a sense amplifier as illystrated in Fi s 5n scribed.
Sgnals 1 ar AR B G5 RISt o T B A NACH SRR i) h il 4.
The depicted_timing islpsin&lybmmﬁ\zdaat shoutd ﬁetpggtmndamuﬂommmmmmmmhmos and
P-MOS transistpps. il sifunciiens Qe sepseAopliiitoan benuappediom e NibiSde P-MOS

side and vice versa. For instance it is gps$|ble to precharge or equilibrate 10 the bit lines BL, /BL with
P channel devic@8NFiRARN o 8l0Ral aiEss !Seningsieaf also be performed by the pull-up

transistors M21, M22 gnbygtbeapwitdone transigossdshn¥ddinghe flitsheateibpsocassesansing

oceurs thrpugh (he guldowp yransisios M3l M2 connected ia ihe low pull o, vallage surce

providing a’low Supply‘voltage VLsuppiy.” 15Before time'to, the sense amplifier'is operated in"a latched
state providing eopapisineriRgydath ait I6Rcongply \aftagesmpiifiefirtt Andpsetiondbitsie@s 8L, /BL,

depending on thRQWEURERSIAHRThe a differential signal generated on the global bit ltines 10,

/10 during read operations.
The equalization transistor M50 and the precharge transistors M61, M62 in
20 Fig. 3 are not explicitly shown as SO! device with back control gates. Being part of
an SOl integrated circuit, they are preferably realized as SOl transistors as well.
They can be multigate transistors having at least a first control gate and a second
control gate capable of being biased in order to modulate the threshold voltage of
said transistor with respect to their first control gate.

25 The equalization transistor M50 and the precharge transistors Mé61, Mé62 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
substrate below the insulating layer.

30 Their respective back control voltages are then chosen at vatues 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, resulfing in faster equalization and precharge for the
sense amplifier.

(%]
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At time to, the pull-up back gate control signal idpptIG,is raised to high voltage level VPBGH so that
the pull-up transistors M21, M22 are turned off. Simulllzfneously, 20the pull-down back gate control
signal diNBG is lowered to a low voltage level VNBGL SO T as to turn off the pull-down transistors
M31, M32. At time to, the pull-up back gate control signal 4}3G is raised to high voltage level VF,BGH
so that the pull-Qpeiratinisrote dd2a: W ehar ainilicieoWithintlianeaushhsibeRuindawdearlagate
control signal ONBG is lowered to a low voltage level VNBGL SO as 75to turn off the pull-down

) -gates SISLOrS NSO . :
transistors M31?ﬁ%§7——75&[{me—tr, equalization is performed by applying a high voltage level to the
equalization control signal 4) EQL to turn on the equalization transistor M50, thereby shorting the bit

lines BL, /BL and setting theiﬁ'ﬂ@'lﬁﬁ?a‘ﬁ%&fr@&é@? greagavRl N RiddaSAkiPg samedine, {he

precharge transistors M61, M62 are turned on through the precharge control signal Opch. The bit tines
BL, /BL are’the/¥y EBHiEEEaXS e H@Eﬁfﬁgaé’%ﬁgéé QPegneRied BTN BT RET ARRI TiRfe
interval correspardiitathetdtByifikion d4adathd Zhe Hreipredhargedpermbinnioampaensates for possible
leakages or unbalances whic result.in a || deviation between, the desi 16 prgcharge
voltage VpcH at VBLH/2 and t%@@élti%ﬁéggﬁieigg} ;E{ﬂ &egéit%]%%g %E??é@fhcr‘gzéﬁgefagﬁz% lon. At
time t2, after eqtiansistiens. stk pREEAeTigesE heniprse dmabifiy falz b swarnesi torse dMQrecharge
transri]stors M61z<%/lzﬁ_&@eleguém Q,ﬁf:@wg?%pm@ﬁ%ﬁli@ﬁgﬁ;}ﬁ@ﬂifﬁbﬁé@ﬁ@#@éﬁ?@ﬂ%#@% "
precharge contrgl signal. , respectively. t time t3, the select signa] Owl applied to the
word tine \@L is%gt gF:‘W@%%Qvf&MYh z)o%@?S%Cfi%%eﬁ’le%e‘w&b&gga&g S99, I R%emory
cell C and the fin_sa!oi?lmetELpsin&l@rméibxchhegesl[Aipottageistarisa_ﬁfd_n vaidation BWtappmatsionrthe first
bit line BL, resulfigigrgyoliaoeshifeianee hetuesnine, istA0 biking BL-And iig,sacqnd Biine /BL.

The value of this voltage variation AV depends on the data initially stored in the cellC in the same
manner as prevRAYS TRSEHBEMST e brRngtiarctatthe low pelbuiewnySrpamheeEramsnidnitially
stored in the celk@ois aufngiovennge o g,l9gic 'zero, this voltage variation AV is positive or negative,
respectivey5 The 15re|€1t?d éira%inger\{ {IecS%rr{Seggon 1 1.tort3<t<t4 ig gigns. 4atagdd4bt. If al ﬁic "one"
was stored within the call ?f, i & the®vol age mnia‘lﬂ? doredPwithin the Cefl A1 tHe ?ﬂagtﬁ 5&%‘6@ \%Itage
VH"poy, the volterjeré¢mentast bighiradiok sightly nbrgeseth Tisfsituandrsesdhgsipittdndsy Big. 4a. If
a logic "zero" wagstyashMatRi L eneslF&idi®- dperyeitge initially stored within the cell C is the low

At time t;, the pull-up back gate control signal deg is raised to high voltage

level Vpggn 50 that the pull-up transistors M21, M22 are turned off. Simultaneously,
20 the pull-down back gate control signal ¢ng 15 lowered to a low voltage level Vygs, s0

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

At time t;, the pull-up back gate controt signal ¢ppg is raised to high voltage level

Vesgw SO that the pull-up transistors M21,. M22 are turned off. Simultaneously, the

pull-down back gate control signal ¢npc is lowered to a low voltage level Vygg, 50 as

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

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

30 At the same time, the precharge transistors M61, M62 are turned on through

the precharge controt signal ¢pcy. The bit lines BL, /BL are thereby connected to
the precharge voltage Vpcy, Set at Vg4/2. The related time interval corresponds to
ti<t<t; in Figs. 4a and 4b. The precharge operation compensates for possibie
leakages or unbalances which may result in a small deviation between the desired



20supply voltage V,supply, the voltage of the first bit line BL is slightly decreased. This situation is

illustrated by Fig. 4b. At time Li, the pull-down bac]r<69ate control signal 41N-BG is raised to a high
voltage level VNBGH that turns on the two pull-down transistors M31, M32. The voltage difference is
then amplified by the two pull-down transistors M31, M32 in a ncsimilar manner as in the case of the

prior art sense grgRhlpgIsHIErERI.CMOR (oohamiote Thedgdaieridvae dtienabromRsPRINAERIO t4<t<t5
in Fig. 4a and 4%i hAt tinhe t5, in order to saturate the already amplified difference signal to the full
high voltage lev TR %aﬁ‘.%[h supply voltage VHStiprAy provided by the pull-up voltage source,

the pull-up bgck gate mbﬁgrﬁt@b@elﬁgdmmwmwmmﬂ@eﬁvm@huamm@qn the
pull-up transistags MRl M T sioeminatinn aldes gRReciks arlionmal e BY koo drapistors

M31, M32 and the pull-up transistors M21, M22 saturates the sense amplifier and sets the bit lines BL,

/BL to the réspeRNAIITaHaRcOHFohsiBak- dpovdNa B sIReBAIAY BRBtrol Siandidnm vENRFS L iYee

accqrding_ to .the initial value th_thg,gql;’_ag%\g@[@;{qagﬁg{ %@gmﬁjggg & B@%\fg)ﬁnyWL id @etbgt_case
depicted in Fig. 4a where a logic "one Is stored within the cell C, a positive initial voltage variation AN

d
on the first bit tife B (€¥FhEIetP RS 16 e ¥ataHiforett SETgH AR Witalfe VRPBBTY HR\vided by
the pull-up voltageiserscairathitet thieesestontdpl [theifBthsrpetled dantade theilavwsupplxtvaitage
VLsupply s provided by the pull-down voltage source. In the case depjcted in Fig. 4b where a logic
7oror 15 stored TGRSl IR S Bg e SR Vol St N Bl e <P S HE Bl
down to thE)lowsugply bltage VisupoyndrdvidinkebyBhe Pod-clalve vbltide witage watiatibre s¥€cond bit

line /BL is saturgiechHis I{RAIARSHRRNYQHALR WHgIPRA Ry ided %@%QHH&A%’EUSQ&E rce.

10The content of the cell C is then restored to its initial value as the word line WL is still activated. The
data is hence wAR¥HTBEEK M IGIRIIRIATF <8l C. The two bit lines BL and /BL are saturated at CMOS

voltage levels, avoidingapanaingest thisetigh the sanseratatlifiefords eanHeecstie i Figgidaasd 4b,
the related time Intenval colTesPQRdS 19, o<t<10. L0t I 19sdRo1dsr o retaln the data In the gel C.
the cell access tParfsiSor ’ g P g » Tesp Y

15 related time interval corresponds o ti<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 Vugiy, 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 cell C, i.e. the voltage initially stored within the cell C is the low

20 supply voltage Vi, the volttage of the first bit line Bl is slightly decreased. This
situation is illustrated by Fig. 4b.

At time t,, the pull-down back gate control signal ¢wgg is raised to a high
voltage level Vysgy that turns on the two pull-down transistors M31, M3Z. The
voltage difference is then amplified by the two pull-down transistors M31, M32 in a

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

At time ts;, in order to saturate the already amplified difference signal to
the full high voltage tevel Vg of the high supply voltage Vg, provided by the
pull-up voltage source, the pull-up back gate control signal ¢ is lowered to a low

3G voltage level Vg turning on the pull-up transistors M21, M22.

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

35 (positive or negative).



Mc is turned off by deactivating the word Line WL, i.e, by setting the select signal ?Pm__ at a low
voltage level Vwn. The cell content is thus protected. Also at time to, the two global bit lines 10, /10
are kept at a high voltage level, typically at or somewhat below VBLI1, but are turned to a higher
impedance 20than their previous impedance, for example by means of the so-called secondary sense

amplifier (not shown)in theTodsereasi@peratioas fevaenes Rsithesensssesnliliethafeisepigted by Figs.
4a and 4b. The first read operation occurs between tA . sec§3d read oPeration oGCcurs

nd tB, the ,
between tA andtBORIRIE NS SReR ¥ AN C 2R f)%?f Vst géfrég‘& P ABRYIRSHRAY tffes as
necessary. At tsasritdti@fter toe thizipullppiyvwolbsnek \Yate condridisiyalthB Gl -Gpetditageisounadtage
level higher than,its.previ jgh.voltage,lav is higher ' le,to turn both
pull-down t[anzﬂstt{ﬁ)%s ﬁgg&%&g t%‘\éelﬁgtiéﬁrﬁlog)ew%qfn?g%%e%ft % g%?\%%%{q&(éﬁl_ 5 S}F e high
voltage VgEry dirthadgdibysrsopybidryensuiiragectnsatuttt Ui thesgleprickndiesia 0410 ameteas the

other bit line BLofRLisaf tRestarsyoiage YAl of the iavwsupBRaMOLagR MSiRRaYicrnevobingeull-up
transistor M21, M22 has a low Vog?éﬂe level applied to its front gate whereas the other has a high

voltage level appifecPlb HRenBnd b atd!eq glown i, dBGHR Y FHBRYrXRYRSS rY wpy AUPYXISFL BY HhE
enhancement npatlejdive poiltage transistehildtbha kewonaltaigel ey elBhnistsafnamnit ghtapisdrttieehégh state,

while the other pull- |Storis i . If the val f irst bit line BL is at the high
voltage level VBQE#blHngggt%e 5 V&ifa@g%?%ﬁg Eggﬁ%égt}%ﬁine ?BaeE%sS%?%e low voltage level Van, i.e. if
the acces3éd cell storé8aadeRfientoplethereebfiitipheBRSRRSEMPA siinifalhmhee atd boMRsetkaeo the
second bit line AL weuld seicandicling ditd the@ihervititep tansister ddeZaeuld belot. ifibe

ltage of the first bit line BLj low voltage level \ri he 10 voltage of th d pit li
JBL 5 ot the N SORAUSTERA DLICk T TFURP L Ee S BaIPAIERBd S e aohgs TR Py

transistor M22 Wittpighfittwat Spatte conpiétiesd 46 the firstseitriine Bigswdalark 4nnthectielgteddttine other
pull-up transistop M2 WoWEBE to ts<t<t,.

15 At time {;, in order to retain the data in the cell £, the cell access transistor
Mc is turned off by deactivating the word line WL, i.e. by setting the select signal
dwe at a low voltage level V. The cell content is thus protected.

Also 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 turned to a higher impedance

20 than their previous impedance, for example by means of the so-called secondary
sense ampiifier (not shown).

Two read operations performed by the sense amplifier are depicted by Figs.
4a and 4b. The first read operation occurs between t, and i, the second read
operation occurs between t, and tg. However, the sense amplifier can perform

25 read operations as many times as necessary.

At time t,, after t,, the pull-down back gate control signal ¢ngg is set to a
voltage ievel higher than its previous high voltage level Vyeen. 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 Vg of the pull-up

30 voltage source constituted by the global bit tines 10, /10, whereas the other bit line
BL, /BL is at the low voltage Vg of the low supply voltage V gy, one of the pull-
up transistor M21, M22 has a low voltage level applied to its front gate whereas the
other has a high voltage level applied to its front gate.



With both pull-down transistors M31, M32 in depletion mode and one of the 15 pull-up transistors M21,
M22 in the on state, a current flows either through the Tirst global bit line 10 or the second bit line /10,
depending on which one of the pull-up transistors M21, M22 is conducting. As illustrated by Figs.
4a and 4b between tA and tB and between tA, and tB, this current generates a voltage drop
associated with the glsibet hitdineithopugrard3tenichzthemdirerd flowise Satdvodtagetdrapiés dietected by
the secondary S ifi howp g indicates t [ ql?} C.Ifa
logic "one" is s%ﬁrgd??r? ?éggicégﬁ@ﬁﬁ%aﬁtﬁ%a)\é%ﬁ gg‘pg%g%s?(‘)gﬁte t[\;ﬂv%r%o{léres% g{gﬁo %I%ﬁqg%gi%s% a logic
"zero" is storedtht el ; R rpsRisRr ifrdh iReadsémaad with the second global bit tine /10. 25An

alternate solution whege:fae/gitteatiahsieinal if hnsegl ap herrightvedigisiavalkgepinadhrdirst and
second glopal bit lines él?[P (10 at tow\i\g] dance and in detecting the current fIvaing, thro, %h the global
ti EE/ n

bit lines. > AfRIR8E & tithe f°ORd € s{dhs ByPogdfing the PG oREb Ack-yats cBnthSi signal
(INgc+ and the puhsapdbaek gaieeeantiagisifrea’ 0180 pulonde tterttistoofM30 with sendecainpiifier. The

global bit Ines {8.4k0kagectiREckia heTbIPHAL oW mBGHRREC MBI adbalizauan antkpaaage

operations are started. Writing data into the cell C is done by applying the desired signal to the

global bit tines ¥EMFBALHEA Weibtpftransistors M21, M22 are conducting, e.g. between t5 and t6.
This can be during a dediratett sy€lef ahwithin thelpreBous!y3bdesoribedaerclevel ¥, aksthkkeady

mentioned,.the sepsing ration can be perfogned by the pull-up transistors M21, M22 ipstead of the
Dl down Hane GUPER e (s A ot AR, I TR o A0 g LR it festelnd e
applied to the pedicgitsreh tethsisias MBEiAV32randns thellpul-Giroasisistors Mith, W2ropugntgthe

sensing 5 operadipRetdPeiVaRN #aNGiSitbemulunbask GaiRiGORNE|ignald QrRsiHaRLA a tow

voltage level so as to turn on the pull-up transistors M21, M22, while the pull-down back gate control
signal ONBG isk&SIPENGW WBHGLREIEEI so as to keep the pull-down transistors M31, M32 in the off
state. The other operatittisand peitfedoved doyrthe ol sijials deprdiodescdbaddldhe of fe already

i th - ' 1] ' 31 [ f II-
ransistore M2 P e EAhAr Bk Coie Canir Sl pa e S A e

pull-down transig@a! vig1ineQ anthosereptipipnankisteepsrginaprowvivohingary taPebdtations,
i.e. 15 between thanddB ar betrean dbniading, the pull-up back gate control signal 4VBG is set to a

both pull-up wansistor SV PH AR A Do ACTh S BTcEPBH (1 B BOHA Hasiators

M31, M32 are corinecteen ghragitbalabitdiegs 1Dyl 8sstve ayksbayibit timeglabelubitalipatbrtoighvoltage

level VBLL.ZO which the current fiows. Said voltage drop is detected by the secondary sense

amplifier (not shown) and indicates the data stored in the memory cell C. if a logic

"one" is stored in the cell C, the voltage drop is associated with first global bit line

[0. If a logic "zero” is stored in the cell C, the voltage drop is associated with the

second global bit line /1C.

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

After {y, at time ty, a new cycle starts by toggling the pull-down back gate
control signal dwrs and the pull-up back gate control signal d¢pesin order to turn off

30  the sense amplifier. 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
global bit lines 10, /10 when the pull-up transistors M21, M22 are conducting, e.g.
between t; and t,. This can be during a dedicated cycle or within the previously

LS ]
LN

described cycle.



20 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 sens]egamplifier as previously described. The other
operations are performed by the control signals already described. 25 Second embodiment: no switch
transistors, no dedicated precharge transistors and no dedicated pass-gate transistors As

:c”ustrated in Fig. 2 a %?%ammﬁaﬁ?ﬁ@agddﬁg §@r¢§1ﬁg86§@f51139§jmb@6i:ﬁ@%@ﬁéﬂ%@\(ﬁ@%@u-in?\lﬂ%does
our transistors M21, M M M or the, inyerters and one addjtional equalization transistor .
The sanse AT S A RS O S R R A D ot Wb 2ed 16
first bit line BL &he dnlinwhtg:@anbc@ﬂgtma@e@oﬁmmt IithmsmmlepmiﬁaryQtom ﬁrﬁt-bﬁv@SLi.ne
8L, 20 - & secondrisGIo MMETIRINBHN SRt BRHLAPIRGRRIER W WRPNIARSAB L RN Pu!

connected to the first bit line BL, each CMOS inverter comprising : - a putt-up transistor M21,

having a dréin RAERESUrES: AFEVEER puflfblentharisibiypiaaak Bt FRVIFR sighalivrants 88dtirce, the

pull-up transistos Mw oM aaekiiRe Bulcd@nn drameisian Ms trdisa efsaaeh MMOJtnsearephaving a
common drain. he depicted embofimen_t of Fig. 5, the?JouII-up transistors M21, M22 are

|
PMIOS type trafRIRoRa%k BP R RHIERAl it KERR AL, M ARVRERI Yl oot e diesEiihe.
Differing from theukefwenanapkifseoro M3, &3the pratafp draisiJieroiMad ppi2atamd Hre pedfaowd

transistors M31b%§?@ %ﬁ%mlgiiggg%tgﬂ%g s J}ﬁ)\ggg at least a first and a second control gate

capable of being ‘biased in ordér to modulate the threshold voltage of the transistor with respect to the
first control@ate. For 15example, the first control gate may be a front control gate and the second

control gate may be a packe@aloh@deoned, the pass-gate transistors can be the pull-down

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

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

M31, M32 and to the pull-up transistors M21, M22. During the read operations, i.e.

15 between t, and t; or between t, and tg, the pull-up back gate control signal gpsg is

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

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

global bit lines 10, /10, the global bit lines are usually at a iow voltage level Vg,

20 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 ampilifier as

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

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

no dedicated pass-gate fransistors

As illustrated in Fig. 5, a sense amplifier according to the second
30  embodiment of the invention includes four transistors M21, M22, M31, M32 for the
inverters and one additional equalization transistor M50,
The sense amplifier of Fig. 5 comprises:
- a first CMOS inverter having an output connected to a first bit line BL and

an input connected to a second bit line /BL complementary to the first bit
line BL,

[FN]
iy



Whereas the transistors of the prior art sense amplifier are fabricated in bulk silicon CMOS technology,
the transistors of the sense amplifier according to thedRvention are preferably fabricated in
Semiconductor-On-Insulator (Se01) 20technology. Se01 transistors have a lower random
threshold voltage mismatch compared to bulk CMOS fabricated transistors. Random threshold voltage

mismatch mainly results f@itna CalEDmoavEtingHERATSaNRIehecsthte kpetebthr antiygarea of
the transistor. Thus, th% use of Se01 transistor allogséthe glémensi ns of said 25 transistors to be
! 4 8 e e

smaller than bulk-bas LIF&WS?&E)’?B%W@%%@% Bk f!)tt ’?é’P& m threshold voltage mismatch.

The resulting s@ask GMilifieedenswmesisers:area compared to its classical bulk-based counterpart.
Moreover, the size of lrﬁ%ﬁ@-%%%ﬁ%bﬁi?dh\ﬁ?%m B‘?a?ﬂ@#&%tgeﬂﬁéétoéﬁd In a preferred

embodiment, the differential sense amplifier IS made ona 30 semiconductor-on-insulator substrate, for
instance a silicon-on-in&AstbFAYBLRRESI s aving il 3dAcEiIERting material separated
from a base sulstrgigthypas insistatinglay en2 T henfirsheoplitolgaies aig et paniral Rakgscaird the
second control gﬁ@?iﬁ\r/erﬁgrcggaconntrgl ates fo r[Q1end in the base substrate below the insulating layer.
The transistors may be fully eﬁ]e%ed ?%'BTg'b trarisistors. 35Alternatively, the transistors of the sense

amplifier are FinFET-typ&he diesisiad emhaditessnelehigd Guldieegpit sup tFanFEDrey N8 trafizlstor consists
of a 21 thin fin piigh Qs thrsAcHMe shanne! s gurrourdiRG CPOtR] elagirodes whigh foppe.the

gates of thatransistor. As a non limiting illustration, in the following description, it will be referred
to pull-up Ahd pHFESM Sransistors each having a front control gate and a back control gate. As a
consequence, the firstiitfatiog gedem aheaehspudti fiad gl iig ovvnHeamdistor isaasisomtsoantrokate, and

the second con e of.e < |- [ ' trol gate. rdingly,
the pull-up secotal(jg gﬁ%t?@lh&gna %ggg &ngﬁyééﬂéﬁﬁ%ﬁ?%gﬁaﬁr% %%%Qphoﬂ‘%%\?rﬂgegc%r%d control
signal is a pull-d8#napack SRERNEARPETHiFaE ¢ ity PateteIrIgdsntsedsadie copttsptfatds of the
Eulli(uri transistomlsré_éaax?l\mdts%% csnrt?%echaﬁrﬁfat@?mm%nreEHéép l@@Cﬁnslomr@QI g%ﬁeren g&laic.hl:@rpulll-ur)
ack gate control signa is applied. The pull-up back gate cantrol signal Opac cgn take voltage
values within a BRETP o M CE8s BB R AT R BV TR B PR, St eP PoGr
15The back corgrtt gaiy doh thacpuibntovirgatansistors M31, M32 are connected to a common pull-down
back control gate to Wm‘ﬁ@r@aguahgoema%ﬁ%l%etﬁ@ngﬁ&sigﬁak%@%lﬁp%igpe Hag-pullgayn back

gate control signal cDNBG can take voltage values within a range comprised between a low voltage
level VNBGL ant#iiteiie 181 FigRBP#Rn ANRiGHAPSIEERTE RVAENS/xesen amplifie aerydinmftifier
must be turned aittameiganyaconitieidrabieefabiie aretnah seasingmpetai@nantdtboeqgatization
and prech~ e C{B%ﬁﬁg% themselves. This is performed within state-of-the-art sense amplifiers by
turning off the head and¥oot switch transistors T10, T40. According to the invention, the switch
transistors T10, T40 of Fig. 158fd dmissferadans senswaimpiiidgriuthiitgholidopeltagentispatidrmed by

rising the threshglehpaitaoestilabwoligniesiferdneR channgishahtasaulwRaad Ridhdawn
transistors M21, MZ%é,( l}({% N%?Z SO thzilt said, transistors are not in a conducting state for the voltages
C

applied during ﬂ%am Bg}a?t%?'l .tqg.?ed[ﬂ%m&roporﬁonal to the square root of the active area

of the transistor. Thus, the use of SeQl transistors aliows the dimensions of said

25 transistors to be smaller than butk-based transistors while having an acceptable

random threshold voltage mismatch. The resulting sense amplifier consumes less

area compared to its classical bulk-based counterpart. Moreover, the size of
interconnects can be reduced thanks to smaller transistors.

in a preferred embodiment, the differential sense amplifier is made on a

30 semiconductor-on-insulator substrate, for instance a silicon-on-insulator substrate,

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

by an insulating layer. The first control gates are front controt 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.
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Alternatively, the transistors of the sense amplifier are FinFET-type
transistors with independent double gates. A FinFET-type transistor consists of a



30 voltages of the pull-up and putt-down transistors M21, M22, M31, M32 with respect to their front
control gates are raised by means of their respective hek control gates. Under such conditions, all
four transistors are switched off, i.e. rendered blocking, for all possible combinations of voltages on the
bit lines BL and /BL. It shall be noted that it is possible to suppress only one of the switch 35transistors
T10, T40, although batwewHdbdmansistergiaeedpraipsalosniiteshding taoverdiandsteessiactnh
accordingly. The sources fhthﬁ uIl-g&transiStors M21, M22 are directly connected to a first and
a second g|0baf%ﬁ1ﬂ géﬂfslfgtwﬁ G itermediate transistor. The global bit lines 10, /10 act as
the pull-up voltage souce fonthimising ipstantizstois. e fskqwinglgeshaptitrage wilthe grfbeiedit lines
10, /10 act as thg Bigh gy'RRY ¥RIaRERTRYAeH &Y BeRHkymy ARYRSCHRt R GatPaing withihe

afore-described prior art sense amplifier, the head switch transistor T10 is omitted, thereby resulting in
a more ared efffQBHPLEAK: AfrbRfBFeAUenfRe LS FCESONIRE! SAfERI ARG st SN PHIRES Bre

directly connectedrigistop i€l erpntvotiagel seuecaindowidinganov siployaltageddsyppiyupndtibut an
10 intermediate fransistor, between the smﬁrces of theRull-down trz—llns'f\tors V131, M32 and the

t . B L d -up’ [ .
pull-down voltagﬂ)(leJ 508}’}’;%_'88?}]%%‘},}%393\,\,,%% he aforezdescribed [Z])[I}I% art's n%eLlaDrr?Sﬁﬁgr, 8100t switch

transistor T40 iSienaittisch théraBybasutatg rertiplosisrreansiiitie Mubtierrersaplfis cFiFM eigino

transistors instegd gf,{pdbWABAISIYR @ FRBNGEHM. In series 15between the pull-up voltage source
and the pull-down voltage source, thereby relaxing the constraints in terms of voltage relationships

between the transistorS S M NERREIAGIE CalSRITHANEN SRS RIANSREN HRAAGESRIBEES in case
of the state-of-tinEAdreirmmibeltat derdaocompe psitepossibiesteakiagrs on wibataagesiwhithanay
result in a small iagi e n.the desir r rge,valt 0 I chieyed at the
ot ines BL /5L Seo0a b SeIoon. B Eysdhar e LRt eee e e B
transistors M21 tae Y@fasg tralyss|adiimaranes eramized sbvesarc o dPragh deyel tVamsistors are
constituted by tmﬁﬂlmg@r@w@@w_ M21, M22 or by the pull-down transistors M31, M32.

Dedicated precharge transistors 25T61, 162 and the corresponding precharge control signal C;
OpcHas shown in Fig. PARFGBHRIEAISS OCRmBAIEHa BRBTHR st A RFeEAEriaY
operation is perfarmedrbpoheppllidoptraasistargtd?daded 22 erhightlepoilHddemteingestorsoMadl, M32.
Hence the pass-gate transi r Stitute l-up.transi 21, e
pull-down transiéagﬁ&gl hﬁ?iﬁ%@’ (gd?c?gte%g %?ggga%%ﬁﬁéét%éﬁgﬁ%%wg?%r%%ﬁv%%]ég%ﬁ%égre thus
omitted in this s&¥aBied wiibBdMTENEESEOIRRREsO REKRATIMdate votiRRE deMEloV signand RECFER

pass-gate transigigssge i{H%dabM%nQ&gglggpeU@n\ﬁ@grs M21, M22 or by the pull-down transistors
M31, M32 are arranged to connect the first and second bit tines BL, /BL to the first and second global

bit tines 107710, so as to transfer data between the first and the second bit tines (BL, /BL) and the first
and the second global bitsknes atplifierespectieetyurned off to avoid any conflict between the

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.

25 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
threshold voltages (in absolute values for the P channels) of the puli-up and pull-
down transistors M21, M22, M31, M32 so that said transistors are not in a conducting
state for the voltages applied during the precharge operation. The threshold

30 voltages of the pull-up and pull-down transistors M21, M2Z, M31, M32 with respect
to their front control gates are raised by means of their respective back control
gates. Under such conditions, all four transistors are switched off, i.e. rendered
blocking, for all possible combinations of voltages on the bit lines Bl and /BL.

It shall be noted that it is possible to suppress only one of the switch

transistors 710, T40, although both switch transistors are preferably omitted. The
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invention is described accordingtly.



73 Further, since the pass-gate transistors are pr%ferably the pull-up transistors M21, M22, the
second embodiment is described with the pull-up trariSistors M21, M22 as pass-gates transistors and
thus connected to the global bit lines 10, 110. It shall be noted that should the pass-gates
transistors be constituted by the pull-down transistors M31, M32, the pull-down transistors M31, M32
would be connected tgibeglehal sitttines A Ay koainsdtead. M21, M2 glebairbitlinesntRcttd ave
connected to a further signal processing.circuit (pot show ually referr n sense
amplifier (SSA)fF%Er 5?8?:%3%&1%%%?0 g?a%ﬁﬁ?%%ﬁhé%y@%h%ﬁ f%gﬂ%ﬁgﬁa%aﬁ?gﬁi%%%e(ﬁ gr
10detecting an@lekpldittrigpasdiPfertPitst sighae getevatsaltagehwdiobiebihenidl 1 op TONIHRIG-read

oy <SS ragE s S o S se it
ackK contral gates. being part or an Integrated CIrcuilt, equalization transistor IS preteranly
an SOl traasistaspl;sgaﬁawé?ﬂ&%m?angﬁt%%ﬁ&aggwmo %m%&@ﬂ%a‘ﬁ%'bm gﬁ%ﬁe%??&ﬂe -on-

insulator substrptecamprising athilifizyertat samuidonditctingramateval Sepasatedifted) athersdsubstrate
by an msulatmgr %%Mﬁghgjﬁ%%ﬁg%éﬁcmq‘%ﬂpg&ls%aiﬁ,ﬁf?ﬁ%pad( control gates formed in the base

substrate below the in ts back contro age Is then chosen at a value that allows its

operation to be performeRis@a@pabaPUts Ik Fontistgai Hnd'ie AtHEEBRIYIGRREREY Wso be

connected togethey e Relrie veiaizdnsharse biRAGeRNdUANcappesultingds & faster eaualizagion for the
sense amplifier, '

Operating Process of a sense amplifier without swjtch transistors, no,dedjcated
25precha tréﬂ%?é%?g,‘%& ¢t %gfg.@ﬁ"g {3 rsqg?o?ftthe F’Hﬁéd%’é‘r iiat 1f:tr%rcselg§10f?§ gense
amplifier as illustnatetisnpill dbvis noltagessribed. Siomaksithatveits dpplidore desgeiberarsibividthin the
sense amplifier are lustrated by Eigs.6a,ARchOhafba denister timingis RHsbbllustiativg. 30, The

preferred operating process _of the sense amplifier is shown in Figs. 6a and 6b. As the function is built
by means of complEREREN NeMOLMAMRIIGS transistors, all subfunctions of the sense amplifier

can be swapped from thetheM @&otertheiR MO iide andodeanmisaoFsoaiastansectas possiide to
precharge.qr equilibrate the bit fines Bl /BL with P chanpel devices or with.\.c I ces.
e bl R iens R L R G
transistors M31 r@dngrtaisansisaiatedpreces of setisier) 'sdatippshisegi veep tiedeansFeisistors M31,

M32 connected to the pyil;HouHbRQAF B RHABRREAVIHING QIR RPY AYRlSeEeNHoSeP M Yase 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

20 the voltages achieved at the bit lines BL, /BL through the equalization, a precharge
operation is atso performed by the pull-up transistors M21, M22 or by the pull-down
fransistors M31, M32,

HMence the precharge transistors are constituted by the puli-up transistors
M21, M22 or by the puli-down transistors M31, M32. Dedicated precharge transistors

2 T61, T62 and the corresponding precharge control signal ¢pcy @s shown in Fig. 1 are

thus omitted.

Compared to a prior art sense amplifier, the read operation is performed by
the pull-up transistors M21, M22 or by the puli-down transistors M31, M32. Hence
the pass-gate transistors are constituted by the pull-up transistors M21, MZZ or by

30 the pull-down transistors M31, M32. Dedicated pass-gate transistors T71, T/72 as

shown in Fig. 1 are thus omitted in this second embodiment, so is the
corresponding decoding controt signal Ypec. The pass-gate transistors constituted by
the pull-up transistors M21, M22 or by the puli-down transistors M31, M32 are
arranged to connect the first and second bit lines BL, /BL to the first and second

[ 5%
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global bit lines 10, /10, so as to transfer data between the first and the second bit
tines (BL, /BL) and the first and the second global bit tines 10, /10, respectively.



SAt time t1, the pull-down back gate control signal NBC th is lowered to a low T voltage level VNBGL
so as to turn off the pull-down transistors M31, M32 afdl the pull-up back gate control signal OnG is set
to a low voltage level Vpga so that the pull-up transistors M21, M22 are turned to depletion mode. The
pull-up transistors M21, M22 are thus turned on. 100ptionally, the pull-up transistors M21, M22 and

the pull-down transistcrr@%wél,15M§@&érﬁq§%%€@@9ﬁsﬁ%%ﬁé,pfz%rf@ammeeadmda iglarsiake sure
that they are turned off before the equalization and precharg[% %Eera%%nga tart. Also at time tl, the
r

equalization cofftfor MihaHESEoRI SRAUE Midh RSEM B Ght AP SR RS G M50 in
order to initializs\lB e qasligattonrassishprewialitiydesoniaaed Sontb anewal dit, tinesglopalhit line

ignals)/10 , thd t i ' lta ' it ]i , IBL
aro theteby et to e e GEed Bl MR e e BRSNS el IR AL,

t1<t<t2 in Fgs. Béla#rMeb Lraoasiame N3 | aftbt eqihfizaHbriana pracatee dhetatihas atewtdrpleted,
the equalization-tansissarted isiduanest ofhday settiagitee=ggualization control signal Om_ at a low

level and the pull-up transistors M21, M22 are turned off by setting the pull-up back gate control signal
OpBs at a high voltaoL TV PRREEH PR o BIREEH R A Gt CHEBS R G Gtk ovel,
typically VBLH. circuiAt (ftestevthe selettysighatréd/\o sy plieskorttier werdsinanwiifisrs&iSay athigh level
vwth so as to aglivatehe ¢ql ageessitansiigidds ThRempiRe!C andhedigibitdine Bf- share

their charges. A voltage variation AV appears on the first bit line BL, resulting in a voltage difference
between the firsigfRAnReENG SIRIE 88 ki it FdaBtenal 20 aRTa ¢ tAfs TSIt age I Riatifenl? depends
on the data 30init@llustereshindhe gedne. in the same manner as previously described for the prior art

circuit. The equalization transistor M50 in Fig. 5 is not expiicitly shown as SOI device
with back control gates. Being part of an SOI integrated circuit, the equalization
transistor M50 is preferably an S0I transistor as well.

15 The equalization transistor M50 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 substrate below the insulating layer. Its back
control voltage is then chosen at a value that allows its operation to be performed.

20 Optionally, its back controt gate and its front control gate may alsc be connected
together to achieve an increased transconductance, resulting in a faster
equalization for the sense amplifier.

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

b
Lh

precharge transistors, nor dedicated pass-gate transistors

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 Figs. 6a and 6b. The depicted timing is purely illustrative.

30 The preferred operating process of the sense amplifier is shown in Figs. 6a
and 6b. 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 the P-MOS side and vice versa. For instance it is possible to precharge or
equilibrate the bit lines BL, /BL with P channel devices or with N channel devices.

Sensing may alsc be performed by the pull-up transistors M21, M22 or by the pull-

{8
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Depending on whether the data initially stored in the cell C is a logic "one" or a logic "zero", this
voltage variation O is positive or negative, respectivel\24The related time interval corresponds to t3<t<t4
in Figs. 6a and 6b. 25 If a logic "one" was stored within the cell C, i.e. the voltage initially stored
within the cell C is at the high voltage level VBLH of the voltage of the pull-up voltage source

consiiuted by Ui lobahLRERAD: 49, e YRIANSAAIAA Bkhlk g Blois SighiPatgRsR. This

situation is illustrated by Fig. 6a. If a logic "zero" was stored within the ce e Initially

stored within th@EEHeVR F RE TR Aige Mifel SABDECRSn Uy DEltRRWYLSoRSE peIvAgEd by the

pull-down voltagessedireca 16& ¥olpge, ot Hae ﬁ[ggpgi_t line BL is slightly decreased. This situation is
illustrated by Fig. 6b. At time t4, the pull-down back gate control signal (kryB(3 is raised to a high 10
voltage level VNBGH that turns on the two pull-down transistors M31, M32. The voltage difference
between thé bit lines BAt, tBieid thtre gmibhidied byatiie getencoptibdsenatréasistdmsvivtad, fd32lawa similar

manner as for e elglealoG.areaser, AR BuiGRY WA ORE- 00 R g aignal 783 I

lowered to an intermediate vol age level VPBGI that turns on the pull-up transistors , M22 but 15
keeps them in thi® BataERESERtRIcHRNa] hecBri®irnatiiPof Yakiaes e actonBasftie fitown

transistors M31 tMadsesid e PukbnHars sdddpMasrsaibitesibeaaNss aqmidfisrandset the
respective voltaggz of tQtF\lfbit lines BL, /BL to the high voltage level VBLH of the pull-up voltage source

and the low volt iy SéE[nSFtﬂ'é‘ pull-down voltage source according to the initial value of the
20voltage Variation AVQpositily otheegative) . (Faesispersaian jshslinidad tahid e pitiatoant casesidfardogic

‘one" was stores el edsialiage 1 slarsinine ofl YGBLLisaLbe Hah volage

level VBLH, the voltage of the first bit line BLis ~ pulled up to the high vo tage leve e global
bit lines 10, /10 WEYARLYB06IR{G ETPIR e eEHAIBAtIPIR IRE RERIBAFER SBETRIWRS A oltage level

VBLL of the low supplyawltagenyd-s\RRE eJisSitEHIEShis Ml Ustrateg PYsrifis&Pio a hidrui@icozero”
was stored within the Ce”h% i.e.#]e Voltaﬁe initially stored in the ce|l VcELL corresponds to the low
: it i

supply voltage VPSR T EVS 5L D HAMHED BLOERLIRIRISRHS the /RY 19V6ftage
VLsuppty While #rewoltagesk8dthe second bit line /BL is pulled up to the high voltage level VBLH of

g}gg'gga;:; éti)”iist gft’ gfgﬂ_hJa!?xiéo%!&{?,“%iSgiﬂﬂ%ﬁ%‘.‘%diﬁ% Fig 3 The gorresponding timg dgregyal in
precharge voltage, typically Vgu/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. 6a and 6b.

20 At time 1, after equalization and precharge operations are completed, the
equalization transistor M50 is turned off by setting the equalization contro!l signal
deq @t @ low level and the pull-up transistors M21, M22 are turned off by setting the
pull-up back gate control signal ¢pes at a high voltage level Vpggy.

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

25 At time ¢, the select signal éw, applied to the word line WL is set at a high
level Vi 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
tine 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  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

related time interval corresponds to {;<t<t, in Figs. 6a and 6b.



The content of the cell C is then restored to its initial ¥&lue as the word tine WL is still activated and
thus the cell access transistor Mc is stilt conducting, 35thereby connecting the memory cell C to the
sense amplifier through the first bit 26 line BL. The two bit lines BL and /BL are saturated at CMOS

voltage levels, avoidir]? any cuzrent,throu?(ggrg\(}ﬁ Sgnse.am Iiﬂ:g; The tg%tg i& thus \%rit[ nspac into the

memory cell C. A talmglt%, e wora Tine t'qishajegc ivated; i'e. the seleq %ig‘na Bl TS set 5at

low level VwLLwakhintibecerlbdedsstraheisigh Meliagauisyeinéa off The veltagentinthe mdiedned and
the sense amp%%%@@&%ﬁ&d&ﬁ%%&%@'ed taf fREJULBREHAIARSAME, PRslofmRarb iy eesaialigdifferential

signals on the global bit lines 10, /10, said_signals being exploited by the secondary sense amplifier

according to th& ¥hErateP s Breasede bhasiryation s Ashrrtemh Rirdis: £ 16 2otz For
example, ifithe sacatttad,/ withsetamplifiel, Sets the ghobmiebinttie kBordd witketative lyellighisrapedance,

the differential gi ' a jat ith he glo it lines. . This js,t ample
described herezgﬂéfd@m\ggsgt?gt%@{)?%}?@ag a?%\%%vgﬂ%gélk{és Pﬁaﬂ%g\ﬁ%?{é:l% séﬁ:%%éﬁa[rggsﬁse
amplifier sets tHOGR8Bas B Heshe0 veraee &flgheinijsed Miedingebdiffershgliltigiear saeedurfaist flowing

through one of the;atRhal hitkaesed Beratorss.in the depicted example, at time t6 the two global bit
lines 10, /10 are kept at a high vols?age I V%ngal% lly at or somewhat below VBLH, but are = turned
e

to a higher impedance thaMth&r Hrevislls S5 APIEHRT OrredhSBTIRLL A R
secondaryl 8ensekagplifiere(nBish ava). turns Tavo tieadhep apatiothsype tamistbisy e sakise amgplifier are

depicted by Fiug, 6,813 40Fhe (/88 QEeRiaRacELrs APeRRIAAd i is speandcad

operation occurs beteen tA'and tB. However, the sense amplifier can perform read opérations as
many times as REBcd@URtraRsgtamaeA,; Mieine IR NHRWATRClegHIe Banteref dibgrarti 4358 is set to

a value higher than its greyigais highe alug-\Bldded @at@i%ﬁtvalt@%%éﬁv(gg+_s RblgdRiendgoth
pull-down transistors M31, M32 to depletion mﬁgﬁi}fﬂ'& Since one of the bit lines BL, /BL is at the high

voltage VBLH of YEReHals voHage 6ok PMHEYBELUBTIRISIRE M LS the
other bit liné 30 idepiBham an tihe lvharatagaMiBbdeof thahew sopplinyotagesVistippiyrespeceivihe

E!J"'”p ”a”SiStOéM _M%%J?[EE}?ABWBJ&?{%‘&L%’%?Rp)&%ﬁ 0 EACBLAS MRS IR R as 2
igh voltage level applied to its front gate.
saturates the sense amplifier and set the respective voltages of the bit lines BL,
/BL to the high voltage level Vg y of the pull-up voltage source and the low voltage
tevel Vg, of the pull-down voltage source according to the initial value of the
20 voltage variation AV (positive or negative). The operation is similar to the prior art
case.

If & logic “one” was stored within the cell C, i.e. the voltage initially stored
in the cell V¢ is at the high voltage level Vg, the voltage of the first bit line BL is
pulled up to the high voltage level Vg of the global bit lines 10, /10 white the

25 voltage of the second bit line /BL is decreased to the low voltage level Vg, of the
low supply voltage Vi This situation is illustrated by Fig. 6a,

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 low supply voltage V gy, While the voltage of

30 the second bit line /BL is pulled up to the high voltage level Vg of the global bit
lines 10, /10. This situation is illustrated by Fig. éb.

The corresponding time interval in Figs. 6a and éb is t5<t<i,.

The content of the cell C is then restored to its initial value as the word line
WL 15 still activated and thus the cell access transistor M¢ is still conducting,

(W]
tn

thereby connecting the memory cell C to the sense ampiifier through the first bit



Since the pull-up transistors M21, M22 are in the en¥énhcement mode, the pull-up transistor with a low
voltage level on its front gate is in the on state, while 35the other pull-up transistor is in the off state.

If the voltage of the first bit line BL is at the high voltage level VBLH, and the voltage of the second bit
line /BL is at the,loy veltagg lens! R i i 4ndf /B Aecgiarstcelhsiaues %&Q "NEtG BidlkyP

transistor M21 with its front gate connected to the second bit line /BL would Be conducting and the
other pull-up SABhSEBTI ST WEHI e Rse amplifisholBgedatans fRETHEBPackatie Yy voltage
level Vga and ﬁlﬂemamleﬁ the second bit tine /BL is at the high voltage Ievel VgLH, i.e. if the
accessed cell stores 3 %g'n erQ" the L¥J u ans tor M2 |th its ront conrg cted to the first
bit line BL would be con c%r% and% 5 pu k up rlgﬁss or ?/v%e %rf? v I both
pull-down fransittore 3¢l M32 iandke phetioalmardesantansistfr tis pel bogs ttanséstaré. MIE, M22 in the

on state, a curig dnuis sithetdauaN e drst daBakal ak B0 aidfagssgcond bit line /10, depending
on which one of the pull-up 15transistors M21, M22 is conducting As illustrated by Figs. 6a and 6b

between tA and tB an%eﬁgt\%%rﬁtt,&“%rﬂﬁBoeiFf%"Elﬁ?eﬁY Wﬁ%%%ﬁ%@&%&%&&&é&%m the
global bit line tlgtoigh Mmluhetheco:p rretm,t fhams s@ﬁ&isv@léagbe eipiviscdetectentbydbenasconedasy sense

amplifier (not Sh%wf’?]é”} &%gqcés tnl o rsﬁgtmtfeaﬁl@é)crg ellceﬁsgrlaorgp% O"one" is stored in

the cell C, the VOItz age drop s A o ic ZeroTe ¢ oredeln the cell
C, the voltﬁge deojsas éggmfareaxmlméfsﬁtﬁ)mgmbm Betrisgcanptifier Semmlﬁﬂb@t@mﬁ)n where

the differential gignalds hapadieleaciic fHPRMERNSIAL Miterping: thrisstiand secapsd glapal bit
tines 10, /10 at low 75 i pedance {1% etec ng the cgll[aent flowing through th%ﬁglobal bit lines.
G ¢ ﬁ

After tor, at tlméstsf%ﬁli ahRig SHESuIl S Ba R YRR BRIFSINGE A BAES and the
pull-up back gaaed:dhlm‘as«girw BlpBGmanxtiéb to turn off the sense amplifier. The global bit tines 10,

/10 are turned to their j p e started.
Writing data into the CA %ﬁ{éﬂ"‘éﬁ, g@ﬁaﬁg glgn%] %gwd%g}ggdg gﬁ@ﬁg P{etlosg%%é)lllﬁgas @(%!?/% when

the pull-up irané|Stéis WI”WPZ@'&‘F@:CBT% tfipgréig. Bé‘f\%éﬁ%@ﬁﬁ@% @édﬁ"ﬁ@gfuﬂﬁﬁ af
dedicated cycleygs wishin mﬂ@wously described cycle. 35As already mentioned, the precharge

operation can be perfaytned by the gu doun pneivtors MALNMS? TRLCRof e Pl iRrapsors

/10 are kept at a high voltage level, typically at or somewhat below Vg, but are
turned to a higher impédance than their previous impedance, for example by
20 means of the so-called secondary sense amplifier {not shown).

Two read operations performed by the sense amplifier are depicted by Figs.
6a and 6b. The first read operation occurs between t, and {3, the second read
operation occurs between t, and tz. However, the sense amplifier can perform
read operations as many times as necessary.

Q]
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At time {,, after {,, the pull-down back gate controtl signal ¢ug is set to a
value higher than its previous high value Vg This higher voltage level is able to
turn both puli-down transistors M31, M32 to depletion mode.

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

Since the pull-up transistors M21, M22 are in the enhancement mode, the
pull-up transistor with a low voltage level on its front gate is in the on state, while

()
T

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



case, the following back gate control signal patterns are applied to the pull-down transistors M31, M32
and to the pull-up transistors M21, M22. During the precharge operation, i.e. between t1 and t2, the
pull-down back gate control signal 4)NBG is set at a high voltage level VNBGH so as to turn on the

pull-down transistors g, M2 WhiEhe Dl nback gais LoRLEl gL ARAG s selabahion

voltage level VPBGH cn as to turn pull-up transistors dégire precharge

voltage has to B'@agplield teetiecaiddis dnthe BullaivineatstsriiagalevesoVso.ak ¢o firébRarge the
bit IiﬂeshBL, /1B(|)ac_%Te§§EQ Eégc%am I@wegiaémﬂfywwlﬁauﬁh@mﬁe ﬂtﬂ@fﬁmgowan\f%aﬁi source
to which are connected the source nqodes of the pull-down transistors , IS sef at the
precharge Ievefofg}e&% é%iﬁﬁfﬁ‘,%%&v%@% (%n@%‘i‘ﬁ&&%ﬁ%%@e%%f%ﬁ %v{?‘f}%ﬁ’gge level
VBLL. The Misttpefﬂaﬁmwa@p@ﬂormgd by means of the control signals already_described.
L5As already mentionedy (N6 3gsiag gReFRLOBEARDEIPRTAEIE Y Uak Rl R {AnSHgrIM21, M22

instead of the pull-down transistors M31, M32. In that case, the following back gate control signal
patterns are ap{Hé&eEto theSuBesoRM BEndRgorEiMis1aMse dHety eSS trimsistss 11328 rm.
During the sensing-gpeéraéiontbesbetivern tandtibe thei pull-thakatsgME cantiolsigiuak 448G is set
at 20 a low voltage level VPBGL s0 as to furn gn the pull-up transistors M21. m22, while the pull-down
back gate contrcﬁgglacntgijf)ﬁ\l @1& ﬁrﬁgéﬁat{g}?ovgﬂv&toalgg Il[é%e ?ﬂgg%lﬁ%oags t%hﬁe%% ?ﬁe"b‘mﬁ-‘ own
transistors M3 15ramsBtir thel ofbsigdtee P other operations are performed by means of the control
signals already described. 25As already mentioned, the pass-gate transistors can be the pull-down

transistors M31, M32 instead of theﬁull-u transistors M21, M22. In that case, the following back gate
control signal patterns"df& BptHig 4 ﬂ*‘é”p%ﬁfﬁmst&%i&é?s‘mgﬁ?ﬁ%%a’ﬁa% 8% B0f-Bb¥ansistors
M21, M22. Duringjitip tesmmdisioes W12 i etweersift<ned dBrambdtweesitAeatiddigh thre finitup back

gate control sig =303 1S, 30 I 1its _preyious | vel VNBGL
Thie lover volt T b L e s M, e
sources of the SIAREIBWF tidhsedrdsendugaEare connected to the global bit lines 10, /10, the global

bit lines are usually at g lnnsyeltagelevalsV Bk larcEbdmasibedaw supplyareltsgavasddherdifterential
signal associated. with one of 35the aglobal bit Iirrlées is_detected and ex IoitF y.the .secc‘%dar sense
r§ . CRYER)

amplifier as 29 }%\ﬁ%ﬁg FELEIDE arHBIBE{%% 6%&%8?‘?3%%% ‘6’&90? el h%‘tcgﬂﬁo S
already describethi&E thealizatint tfloveistoaighysicaly dvangeddtethst byhthpuikopntansisioss

amplifier {(not shown) and indicates the data stored in the memory cell C. If a logic

20 "one” is stored in the cell C, the voltage drop is associated with first global bit line

10. If a logic "zero” is stored in the cell C, the voltage drop is associated with the
second global bit line /I10.

An alternate solution where the differential signal is based on electric

current consists in keeping the first and second global bit lines 0, /IO at low

]
i

impedance and in detecting the current flowing through the global bit lines,

After ty, at time {y, a new cycle starts by toggling the pull-down back gate
control signal dwnsg and the pull-up back gate control signal s in order to trn off
the sense amplifier. The global bit tines 10, /10 are turned to their initial low

30  impedance. New equalization and precharge operations are started.

Writing data into the cell C is done by applying the desired signal to the

global bit tines 10, /10 when the puli-up transistors M21, M22 are conducting, e.g.

between s and t,. This can be during a dedicated cycle or within the previously
described cycle.

(%3
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As already mentioned, the precharge operation can be performed by the
putl-down transistors M31, M32 instead of the pull-up transistors M21, MZ2. In that



In the two previously described embodiments of the id&ention, the equalization transistor M50 was an
N-MOS type transistor, and the equalization control signal cbEQL was controlled accordingly. 10As
previously mentioned, the function is built by means of complementary N-MOS and P-MOS transistors.

Therefore, all t] ifi dtot [ istors.
For mstance it SboaTDnine i £oEE PANECSRT BHARRECAR HRSphda Gl Bgeubant
devices. In a ptedariE@E MBbdifde Nehe dha aAbierEiRRRINERET N0 423 FOMDS ths RERI3EEE. As

illustrated in Figndr4Hi6n>1MOS: GpsEIZAHAR i{?ﬂ%ﬁiﬂi%@vﬁ%éﬂ%&%%ﬁﬁ%@?@ﬁﬁfﬁﬁ&gﬁ%&eﬁween
the two P-MOS type puII-uP transistors M21, M22. In other words, the channel of the equalization

transistor M50 B &rilAldQURSSV YR N asa SM 2O E M EHER @D iR P HLASKIL FEAUFSEOR 63T, M3Z:The
equalization trarprigahdMHAlaanBhcis datepromidecsigibp. reguising: 20mdditonabaresaviviregard to the
area occupied by the two CMOS inverters of a s lifier. Further, the equalization
transistor M50 gﬁol;%él 2\ Pn%:%t{l'l’ge é’@ig éfs %‘c’r!ﬁg(/siz'\gfgt %e@ai;t a first control gate and a second control
gate connected togetiide stesiseth PSabhieveeligaeates trarixzapdliethtedheesnltiray iof dagrel-
equalization opgsaiioRaFsivaizationsansisior aganasrbaiuese fieaiobabbitlings LPelhd g0l is

possible to have an equalization transistor arranged between the global bit tines 10, /10 instead of
being arranged' BRI A fiYariad B OREHE Rk LNBLP oM R iAEE SR E D YR ENPIRe case of
the seconfhemhodnsaast THie Rytalizaides tansestou Viddilnusapeifanmaequalatiansen thetgiobal bit
lines 10, /10 in 0 rmj [zation.on t it line / 5 uglization
transistor M50 ?é]%&y %’ér%%%%ﬁ?o%%%%%ai gé%nb%‘r%va%%t Qeée‘%?é gﬁﬂﬁféﬂg{rﬁ%@s%%g %}gﬁsgame
global bit lines 19y MAtagRFRRISML.30 the equalization transistor M50 is no more related to a particular

sense amplifier and meyehaparbebiecHPRRE PieiichicabGirsinat ehvesditedihal iRy 10, /10.

As a consequeréce, it can be arranged at the convenience of the design, preferably external from the
repetitive sense ﬁ?ﬁﬂﬁﬁ r bank. Since the equalization 5 transistor M50 is no more arranged within the
sense amplfifier circuitAt Erpadgibvientdopiadosbeeidreirg R B wmevicetar peiitOSadevjcthfopittie

equalization ”aﬂﬁig?gﬁé]\é% s MTNRENG SEASEr IR SSIDE SRRIRE RECOMNY g Piklines BL,
/BL are not shorted directly by any _
the following back gate control signal patterns are applied to the pull-down
transistors M31, M32 and to the pull-up transistors M21, MZ2. During the sensing
operation, i.e. between t, and ts, the pult-up back gate control signal ¢psc 15 set at
20 a low voltage tevel Vg 50 as to turn on the pull-up transistors M21, MZ2, while the
putl-down back gate control signal dupg is kept at a low voltage level Vigg 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.

2
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As already mentioned, the pass-gate transistors can be the puli-down
transistors M31, M32 instead of the pull-up transistors M21, M22. In that case, the
following back gate control signal patterns are applied to the pull-down transistors
M31, M32 and to the pull-up transistors M21, MZ2. During the read operations, i.e.
between t, and t; or between t and {y, the pull-up back gate control signal éppg 15
30 set to a voltage level lower than its previous low voltage level Vygg. This lower

voltage level is able to turn both pull-up transistors M21, M2Z to depletion mode.

As the sources of the pull-down transistors M31, M32 are connected to the
global bit lines 10, /IO, the global bit lines are usually at a low voltage level Vg
acting as the low supply voltage, and the differential signal associated with one of

35 the global bit lines is detected and exploited by the secondary sense amplifier as



10 equalization transistor. The equalization occurs bétween the global bit tines 10, /10 and is
propagated to the bit lines BL, /BL through the pass gate transistors. The global bit lines 10, /10 are
set to the desired precharge voltage during the equalization and precharge operations. 15The pass
gate transistor t r 2 _.The
pass gate tranz’lrgt(csjrs(,EI %ﬂ%ﬁ‘é’rgﬁ% ggﬁﬂ? m%ﬁ@%e%%%%% e regpzctlve l§/(li%age g&thge{lg? back
control gates. Aftépdidiesiiiiegation and precharge is completed, the pass gate transistors constituted
by the pull-down or pull-up transistors M21, M22, M31, M32, are returned to the 20 enhancement
mode by means of their back control gates. They are in fact turned off as there is no signal between
their gates and thelr sources. The further operatlons are the same as preV|oust described. A
semiconductorfniea INSSOor & Aty 4 (3]sl ABCOY tothird aspect of the
invention, a semiconductor memory 120 |ncorporat|ng a memory cell array 122 and at least one sense
amplifier according to the first aspect of the invention is illustrated in Fig. 9. A memory cell array
122 is illustrated, proViet it bR PPl 43P pRMhcdERsRtindto the fireRsiRtet &Ptne
invention on tW@qualtﬁa@’@laoﬁiﬁfhﬁid@S.N%AWhthIde mbtheypernansisadr apy 132 isqutidsieshwith a
row decoder 126. Pref rabI this senm nducto .memory 120 is a Dynamic Random Access
Memory (DRAI\?I?“HO% N g’EB‘f any %?Prtrlp %aabclco{y 3t memory, for example a Static Random
Access Mémory (SRAM prédicdtinivishtiogediffenerfiatSense amililifiermersendingropierstorety in a
plurality of memEpAREli5(FMefsa FesmRass Cel e NALLIRG:m AV B M Qehiavart rzh@ma an

output connected to a first bit line (BL) and an input connected to a second bit line (/BL
complementanPf HEHRSELIPIIMRE R PEMEE HRRTEPHaVifg é‘?‘F@J"‘lﬁEﬁrt‘Edﬁn%?:‘t@Bl?o"the
second bit line él@hbrm@earmmumenBecmmzﬂnepnrsamrellne\(ﬁéa eachHaMSiEvwester comprising :

10- a pull-up transisto UVIer‘e'\{Ierrgcl1 aV|n r%ln at%% aeaog(rggtr dtransrstor M50 is a P-MOS

-

15  transistor. As illustrated in Fig. 7, the P-MOS equalization transistor M50 can then

be physically arranged between the two P-MOS type pull-up transistors M21, MZ2. in
other words, the channel of the equalization transistor M50 is arranged between
the drains of the two pull-up transistors M21, M22.
The equalization transistor M50 can thus be provided without requiring
20  additional area with regard to the area occupied by the two CMOS inverters of a
sense amplifier.

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

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

Egualization transistor arranged between the global bit lines 10, /10

30 it is possible to have 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. 8 in the case of the second embodiment. The
eqgualization transistor M50 thus performs equalization on the global bit lines 10,
/10 instead of performing equatization on the bit lines BL, /BL.

35 The same eqgualization transistor M50 may therefore perform equalization
for all the sense amplifiers that share the same global bit lines 10, /1Q. Moreover,



- a pull-down transistor (M31, M32) having a drain antla 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 pass-gate transistors arranged to connect 15said first and second bit lines

(BL, /BL) to afigﬁt and secon%glob I b|t 10 110)'L a%tto trans r data between[ e first and
the second bit &%’E ’7%‘]3“ e rst 8 se%r 6% BifiiR&S &6371%??5?e§pé)ctlvely,
characterised inrth@@M@@asst@é@ﬁansmmgraremmma thathdriped|the glabsiseitdigsA0, M22) or

the pull-down tragsistors (bqlkped - 20 cardl %ﬁ“ﬁ%@g@'&ew ABMENRLRECREIIRG tadsighn 1.

wherein the pull-up (M21, M22) and the pull-dow M32) transistors are multigate transistors
having at least B”ﬁ?@’fa&mﬁb‘ieﬁﬁe f5p@ %é&ﬁ?&‘@ﬁﬁﬁ%ni?a?é“%ﬁbem@ P BIRERLEBHYZBHIDI gates
of the pull-sip treasisiess MERs, Mzabwezdan@mbanmpuumpssasmadtpbﬁmotat@na,l {Oparésditgethe

second contol gaies e PR raloTs (Wb eakare drven by s iRy secpnd contro

signal (ONBG) erential sense amp er accor to cIalm Fein 0 erential 30
sense ampIifier"{@Qnﬁdélftm a@mmmetﬁt%@ﬁ%ﬂ@ﬂgﬁbstrate comprlsmg a th|n layer of
semiconducting material separated from a base substrate by an insulating layer, and wherein the
second control gates are & fﬁCk control gates formed in the base substrate below the insulatin a}g};’ layer.

5. The differential senS6RRIPIERSr 20€0rBlhg'tB%SnPone/ giclﬁy?nsr@ttoSfofﬁ?ﬁtep'égﬁ‘i}ynsktng
equalizatiph traegistiirafidb0ydraisng . be wgeadinat o minue dpEetess \tieo glabal tivi oimeoflthe fiXst and

second b Lines Bln filanfurlhad ferapiaiaense maliteageardnale dan s ke

equalization transistor IS a multigate transistor having at’least a first control gate and a second
control gate cor&‘@&bd’tbdé’t?fer’Oloﬁiel'ﬁ’éed|§@rdﬁla¥‘§e%‘%pﬁf@?r@ééﬁrdm§aﬂ?aﬁyﬂﬂe €claims 5

to 6, wherein theqeguaiigal aRdpvsisiei Medhtsoad’-MOS type transistor physically arranged between
the pull-up transistors (M21, M22).

-

15 The pass gate transistors are constituted by the pull-up or the pull-down
{ransistors 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 transistors constituted by
the pull-down or pull-up transistors M21, M22, M31, M32, are returned to the

20 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 previously described.

A semiconductor memory comprising a plurality of memory celis

12
Lh

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. 9.

A memory cell array 122 is illustrated, provided with a bank 124 of sense
amplifier according to the first aspect of the invention on two of its opposite sides.
30 A third side of the memory cell array 122 is provided with a row decoder 126.

Preferably, this semiconductor memory 120 is a Dynamic Random Access
Memory (DRAM), but can be of any other suitabie type of memory, for example a
Static Random Access Memory (SRAM).

('S )
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8. The differential sense amplifier according to any orsg of claims 2 to 7, having a 15pair of precharge
transistors arranged to be respectively coupled to said first and second bit lines (BL, /BL), so as to
precharge said first and second bit lines (BL, /BL) to a precharge voltage, wherein said precharge
transistors are constituted by the pull-up transistors (M21, M22) or by the putt-down transistors (M31,
M32). 20 9. The differential sense amplifier accordiﬁw ny one of claims 2 to 8, wherein the
pass-gate transistors are constituted by the pull-up transistors (M21, M22), and the sources of the
pull-down transjstoys lectrically coupled and connected {o a pull-down voltage source,
without an inte":‘r{n'”leéizc:jlﬂ:e\zFI raﬂg@t??%gegtv%fgﬁ eqé ﬁ%gu?%@é‘“ tﬁ%‘%&ﬁ‘?é%w}%‘ tfa E}SIJ?.S é‘% %ﬁew ) and
the pull-down voltfalshireé aT0empry ditte S| IBskgBngmplifier according to any one of claims 2 to 8,

Ihe souTces of e mal s E R e
e sources of the pull-up transistors . M22) are electrically coupled and connected to a pull-up
voltage source, with8Ht g?(‘f?ﬁ‘é‘i eqiAeaN iéﬁ)P'B%t%%%%égﬁ}%%?@f%éhﬁmﬁfﬁpb%%sistors

(M21, M22) and the puttcopd/dlkidfe wearcs. HilinBherdifiersuttiabseesedmplifier @cooddivig tmany one
of claims 1to 7 fu&h@iﬁ%@ﬁﬁ&@&ﬂﬁ@é’c@%ﬂﬁ@%ﬁ?ﬁpﬂﬂ@ {é\ﬂﬁl M62) wherein the precharge

transistors (M61, M62) are multigate transistors having at least a first control gate and a second
control gate conne®#f {A{etHBYEFAXCHNRIEREd for controlling a differential sense amplifier according

to any one®f claims 2-tg plisaisl sansswanmplifiemeinsaonitrolrditoaneiasnrepesations for
pre-charging the bit Iin_eséuE‘iL . /BL), sensi nd, writing-back data stored in a plurality of memory cells
(C) of a memory cell arfa (\}v V\érzetlrr? ® Srg%mg%h& té%%tr‘aat\fg}gﬁe%g%%n bays%gc(ﬁﬁerential sense
amplifier, the pull-up sdsopidicomtcinsigival (B0 1/ endnehp Eidoionseamsieorivsi vdliRge{PNEG)

are modified. each CMQOS inverter having a common drain,
said sense amplifier having a pair of pass-gate transistors arranged to connect
15 said first and second bit lines {BL, /BL) to a first and a second global bit lines
(10, 710), 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,
characterised in that the pass-gate transistors are constituted by the puli-up
transistors (M21, M22) or the pull-down transistors (M31, M32) .
20
2. The differential sense amplifier according to claim 1, wherein the pull-up (M21,
M22) and the pull-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
by a pull-up second control signal (dpegs),

]
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o the second control gates of the pull-down transistors (M31, M32} are

driven by a putl-down second control signal {(¢nss).

3. The differential sense amplifier according to claim 2, wherein the differential
30 sense amplifier is made on a semiconductor-on-insulator 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.

L2
tn
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. The differential sense amplifier according to claim 2, wherein the transistors
are FinFET devices with independent double gates.



13. The method according to claim 12, wherein duringa precharge operation, a low 15 pull-up second
control signal (4BG) is applied to the second control gates of the pull-up transistors (M21, M22) so that
the pull-up transistors (M21, M22) are conducting and a low pull-down second control signal (ONBG)
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. 70 14. The method according to claim 12, wherein during a
precharge operaticimeadifitgrentielipesssempiébetat ehptiak (bhpoe grie applidaisad tivedsdutihercontrol
gates of the pulp ARSSAMERARY SRR e Rk kSR aSaie (MRS oWEgh are ot

conducting and a high pull-down second control signa BG)) is applied to \ T _25the second control
gates of the pull-dSRREENSHGRUBES LoRR PE T B thasl fedsirhbitdings s (\BX, M32) are
conductings 15. The method according to any one of claims 12 to 14, wherein during a sensing
operation, a hi |-dawn ntrol signal ] lied to,the second 3 trol gates of
the pull-down %n@%&%ﬁﬂ%ﬁgﬁgg%o #\'B?ﬁ?f %{:J b%v%%#gra%n%?g}ecﬁ‘sb@ﬁgﬁiﬁﬁ% %lrjghc%c%r%gﬁcting and
a high pull-up secdnansisterolMign i FTOPLTINE dFpNEELe tiasise ébheprsbntfolgerat of gatepmtup
transistors (M21, M22)-sadhahthe pakRiranaisteszdiied, M22) are not conducting. 34 16. The
method according to any one of claims 12 to 14, wherein during a sensing operation, a low pull-down
second control signal NBG, (6 1 is applied to the second .T control gates of the pull-down transistors
(M31, M32) so thafftreedifiibeonal temsistorsi(M34cdMBRhate roy coadddiagnanda towiperiéiap second
conrol Sgna) (OnaaaRlissi s sssapderioLsaissol e eulup ARSIRANS ahetdos) o

the pull-up transistors (M21, M22) are conducting. 17. The meéthod according to any one of claims 12
to 16, wherein duriB§t¥efREBRK GRS LA T HLUIMAS second control signal (opaG) is applied to
the 10 second control gates of the pull-up transistors (M21, M22) so that the pull-up transistors (M21,

contto gates ofihe BRI HaNETLte & TINS5 S Le A SUR. ot Farcid ird IR ona2) are
conductings 1518. panethptebatgntratifigjoasdiffanrgsibl cbasewmensifily goopreling taicldingto to

and second bit lines (BL, /BL), so as to precharge said first and second bit lines

(BL, /BL) to a precharge voitage, wherein said precharge transistors are

constituted by the pull-up transistors (M21, M22) or by the pull-down transistors

(M31, M32).

9. The differential sense ampiifier according to any one of claims 2 to 8, wherein
o the pass-gate transistors are constituted by the pull-up transistors
{M21, M22), and

o the sources of the pull-down transistors (M31, M32) are electrically

]
L]

coupled and connected to a puli-down voltage source, without an
intermediate transistor between the sources of the pulli-down

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

10. The differential sense amplifier according to any one of claims 2 to 8, wherein
30 o the pass-gate transistors are constituted by the pull-down
transistors (M31, M32}, and
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

[F%]
£

transistors (M21, M22) and the puli-up voltage source.



perform a read operation, wherein a high pull-down s&cond control signall 'TNBG, is 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. 2019. A method for controlling a differential sense amplifier according

to claim 10 to perf d ion, W in.a low.pull-up second.cqntrol signal G)is
applied o the S0018 S araTSRea e T e BB o R T o
transistors (M21, MOPpriroLe phitioh prRsdar g transistito Mbbtdiomhenenei 2ty prechsseating a
memory cell array ladkchaipeierives KrdhablitiearenissaableasiprReadifatentigteenseramplifier
according to any one of claims 1 to 11.

gate and a second control gate connected together.

5
12. A method for controlling a differential sense amplifier according to any one of
claims 2 to 7, said sense amplifier being controlied to perform operations for
pre-charging the bit lines {BL, /BL), sensing and writing-back data stored in a
pluratity of memory cells {C) of a memory cell array
10 wherein to modify the operation performed by the differential sense
amplifier, the pull-up second control signal (éssc) and/or the pull-down
second control voltage (iwgc) are modified.

13. The method according to claim 12, wherein during a precharge operation, a low

15 puli-up second controt signal {dpsg) is applied to the second control gates of the
pull-up transistors (M21, M22) so that the pull-up transistors {M21, M22) are
conducting and a low pull-down second control signal (dwec) is applied to the

second control gates of the puli-down transistors {M31, M32) so that the puli-
down transistors (M31, M32) are not conducting.

14. The method according to claim 12, wherein during a precharge operation, a
high pull-up second control signal (dess) is applied to the second control gates of
the puli-up transistors (MZ1, MZ22) so that the pull-up transistors (M21, MZ2) are
not conducting and a high puli-down second control signal (énsg) is applied to

25 the second control gates of the pull-down transistors (M31, M32) so that the
pull-down transistors (M31, M32) are conducting.

15. The method according to any one of claims 12 to 14, wherein during a sensing
operation, a high pull-down second control signal {¢usg) is applied to the second
30 control gates of the pull-down transistors (M31, M32) so that the pull-down
transistors (M31, M32) are conducting and a high puli-up second control signal
{oeps) is applied to the second control gates of the pull-up transistors (M21,

M22) so that the pull-up transistors (M21, MZ2) are not conducting.
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16.

The method according to any one of claims 12 to 14, wherein during a sensing
operation, a low pull-down second control signal (énss) is applied to the second
control gates of the pull-down transistors (M31, M32) so that the puli-down
transistors (M31, M32) are not conducting and a low pull-up second control
signal {opsg) is applied to the second control gates of the pull-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

18.

19.

20.

back operation, a low pull-up second control signal (dess) is applied to the
second control gates of the pull-up transistors (M21, M22) so that the pull-up
transistors (M21, M22) are conducting and a high pull-down second control
signal (dnsg) is applied to the second control gates of the pull-down transistors
(M31, M32) so that the puli-down transistors (M31, M32) are conducting.

A method for controlling a differential sense amplifier according to claim 9 to
perform a read operation, wherein a high putl-down second control signal (¢nsc)
is applied fo 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 10 to
perform a read operation, wherein a low pull-up second control signal (¢egs) 15
applied to the second control gates of the pull-up transistors (M21, M22) so as
to turn the pull-up transistors (M21, M22) into depletion mode.

A semiconductor memory {120} incorporating a memory cell array {122)
characterized in that it comprises at {east one differential sense amplifier
according to any one of claims 1 to 11.



