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external electrical field, and in which the spontaneous polarization vector
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polarization can be used in memory applications. One of the polarization

35 states is considered to be a logic "1" and the other a logic "0". Typical
passive matrix addressing memory applications are implemented by letting
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A reference voltage circuit used for determining the polarization state of a
35 ferroelectric capacitor is presented in U.S. Patent No. 5,218,566
(Papaliolios). The circuit includes a pair of ferroelectric capacitors, each
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35 memory element is a MOSFET that amplifies the signal and Lacey does not
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amplifier havmg a first input connected with the common reference node for
receiving a common reference input signal and a second input for receiving
an output signal from the charge-storing means; whereby the

30 pseudo-differential sense amplifier is enabled to perform a threshold
comparison and generating an output sense signal indicative of a polarization

state of the charge-storing means.
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storing means; first and second pseudo-differential reference sense amplifiers
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can and the pair of reference bit lines of respective subblocks are dlstr1buted
among the bit lines of array. Alternatively the sense amplifier system
advantageously can comprise a multiplexer connected with the bit line
electrodes of the matrix-addressable array; a number of consecutive bit lines

35 in the array defining a segment of all word line electrodes therein, said

number of segment-defining bit lines corresponding to the number of



be provi ded as a subbl ock in block of nore than one
sense anplifier systenms of this kind, such that the
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and a aglrairatige stade @ f pblgestene meBery Pﬁlé bmgﬁél d tead operation and
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common node. I n an advant ageous enbodi nent of the
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at |east one s r t
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senssage ragp it ojrsuits for sensing two reference memory cells during said

30 read operation, said reference ferroelectric memory cells having opposite

polarization states, and preferably are then the first and second reference
amplifier circuits adapted for generating an average of a first and a second
reference memory cell output signal to said common node; and the at least

one sense amplifier circuit connected therewith is adapted for comparing the



25 pol arization states of a corresponding a plurality

of nmenory cells during said read operation. In
wanoeiduss40advant ageous enbodi ment of the menoryPdEmN0Re04/000086

according to the present invention the at |east one

syst em subbl ock conprises two reference sense

anplifier circuits for sensing two reference nmenory
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pl ur@rquils for gerfing thshpelarigatiomstateyefi a forrespending number of

advanemgepuyslienbodi nent of the nmenory device according
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explaipeaded drayriegtfeyuregtodiwhibly nmeans of a di scussion
of exenpl ary enbodi nents thereof and in conjunction

wi t Hfigre 1 spenssshetiaw metdrbaytasve &f a mwﬁeé{rﬁ%&n&y
shows a3 hemati c hysterésis curve of a ferroelectric
nem)nrl@ terial, 20 figure 2a a principle draw ng of

202, P sive matr.i x- addr essi n? arrangenent wth crossing
el ect§'B8e? 3 WERCIPIS Y@ran2pl a PapsiKe MtEx dddvgsapeofrrangement
passvitle crasirigelottibdeckhdss containing ferro- electric
material |ocalized between the overlap of crossing

el eqigiedebld paiciple drawing of a passive matrix with cells containing ferro-
electric material localized between the overlap of crossing electrode lines,

figure 3 a block diagram of a memory device according to the present
25 invention,

figure 4 a circuit diagram of a preferred embodiment of a pseudo-differential
sense amplifier circuit according to the present invention,

figure 5 a block diagram of a pseudo-differential sense amplifier system
according to the present invention,

30 figure 6 a schematic block diagram of a general pseudo-differential sense
amplifier system according to the invention,



figure 3 a block diagramof a nenory device according
to the present 25 invention, figure 4 a circuit
woizemwoamoef a preferred enbodi nent of a PCT/NO2004/000086
pseudo-di fferential sense anplifier circuit according
to the present invention, figure 5 a bl ock di agram of
a pseudo-differential sense anplifier system
accdigling 4 sensecanppliSardysienyaenordimg t8Che iiguansios as provided in a
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invention and as provided in a first enbodinent of a
pas sfij M@repd Etﬁésef&ﬁﬂ;ﬁl@ﬁ@ys&mm&ingabdhé dirvegntion drkieas provided
i nvention, an i gure a e L fker .
oo fgopd Yo RHb ok SrRENR R RS ko eccording
10secandhentrahitivant of a passive matri x-addressabl e
menory according 10 to the invention. Before the
pr e?B@ﬂoré dvepitesent inseretiql Biexpthiméd Withefeferenceta preferred
or ef er _ : ) : , _
PaciapbimeEa i e PreaPolfy EindiElbitkepluid SPREkRln with
to tietinylkr eplesencede thehydarcsistafi fereglestiamaterials ppe the

St r ugtudi@reQds B -%d BEHaBESRBIR I dctfit aelngsitidd.
menories. 15 Referring to figure 1, a material with a

ISSintl%i%ﬁiiﬁ% 41 EEre 90x GRANGASVItE & hyPRLHd &@baM) changes its

exc RIBF PN GsBHER, 001 S CEiOTE ydreiedi Qo dhtygcpeds the
shownettilvh fidie BroThagesteadsieeurtbanshdvne Witlethd alltagg rather than
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152 DR B0 SOl S T cgonal 1y
o SHRGaP AR O RRRonyt eeonyln iBRuREHTE sl Pl fh. 1n
2% he order to conform to standard terminology, it is henceforth referred to the
horizontal (row) electrode lines as word lines 200, abbreviated WL and to
vertical (column) electrode lines as bit lines 210, abbreviated BL. During the
drive and sense operations a selected word line 202 and one or more bit lines
212 are activated. It is desired to apply a voltage that is sufficiently high to
30 switch a given memory cell 220, see figure 2b, either for defining a given
polarization direction in that cell (writing), or for monitoring the preset
polarization direction (reading). The ferroelectric material layer located
between the electrodes 200, 210 functions like a ferroelectric capacitor 222,
Accordingly, the cell 220 is selected by setting the potentials of the



hori zontal (row) electrode lines as word |ines 200,
abbreviated W. and to vertical (column) electrode
woi2neisemobit |1i nes 210, abbreviated BL. Duri ngCth®2004/000086
drive and sense operations a selected word |ine 202
and one or nore bit lines 212 are activated. It is
desired to apply a voltage that is sufficiently high
t o 30s8editieh veordi Nen2 0t hitdilel 2 1220he seve liges)esu2b that the
ei t hefiftbRincdGhRisEe Aol iR LERAdLT AT BRLIQN L7
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sensdag lhtlttlhes pO8 and l@%ﬂr@lﬁnﬁ%}@ﬁn@ﬁitﬁﬁf&s%ﬁ @%Ir Tﬁ?(memory array
meno . Figure OWsS,.in g _Si ifie oG
oo S5 RSP bbb e o
el engqitimnodecadast 32;,302dticeds e aldresseoelf esdnion JBEIRBIYle sensing
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2T e
ol UMb os3ke defe is Hapslsrighppithe Bres@yonizehlagic 320.
l‘l’ﬁt cHes d83@&ecad drone dw’lﬂaﬂiory\@fadrtﬁﬁﬂo b\ii%l Halve %?ce@%‘ﬂ% bitdrror rate
e nt,ai.ns_t he i X 0 r o
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decod&rBemory Fuzy 3ee sdth redundaidvesdemddiit menB§4.c34. 118 order to
Whi | gers@sbiter dé@chies t E@{g}li T
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253 } 5
or  al AP T O O T CL10m, GO dofgrmationgd kg mgemory control
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T nith o S50 bl A o
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standards. A charge pump mechanism 340 generates some of the voltages
needed to read and write the memory cells.

Specific and preferred embodiments as applied to storing and reading data to
and from ferroelectric memory cells as have been discussed in the foregoing,
35 shall now be described in relation to the more general problem of sensing the

10



25 containing error correction code (ECC) information.

The nmenory control |ogic 320 nodul e provides a
woi2goqtasb406 Nt er f ace for the nmenory macro 310 an®CT/NO2004/000086

controls the reads and wites of the nenory array 300.
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active element at node INR by one-half of the voltage difference between a
logic 1 and a logic 0. Under the assumption of a good matching between the
bit line capacitance and the ferroelectric charge the V,yaifr voltage
corresponding to an active to a logic 1 and a logic 0 on an active bit line BL

35 will be central at 0 V. In this manner a memory element in the logic 1 state

will have a Vyugirr > 0 and an element in the logic 0 state a Vyier < 0. The
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sense anplifiers 502, 504. Just prior to the read
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s r. c osen
q gsf%lf}hgo aetr?ggare ﬁ,&%ﬁ? %}E“t“ uélg%lagaelﬁyl ﬁor instance
t he thm;cbndw#ﬂ(}aaly calonf giavnded eespectivgly atdtbeb,wd.e.f can be
SenSI% ARl 4 ﬁd’r§31{519 geﬁ&@E 'OH%’ ir&?a&q ONREe c&hﬁﬁ"—to 3Ré operation

ference fiers . Moreover each
rrem)‘l’ h&eg\‘?%eealﬁﬁ 1@6&’}5?‘111%@5 éuﬁ‘ch ur aI ity of sense
anplifier system subbl ocks identjical to the one shown
in flnga generaly movieimd cerbadimentplidieaeasmt nvention, the problem of

25{JﬁGUH&nﬁg flit@é Qﬁbkgﬂouﬁ@ ﬂ&ﬁreﬁfmi:ddf dn@aﬂl S it |sigrnalsols a@ﬂ&s@éd by

e 0

toscPRBBTERRES P FuReRisr el Phet Rrplifier whltiaye hptenced and
fi g. symmhiirodal dhoigs. Thés shalbudw Heaapplained wath rsiferghee to the circuit
pseugiﬁ?gdr%f ?rtl?é]f)ée%ldoscﬁﬁ%?erﬁmlséﬁéeeim ﬁﬁeﬂ B ﬁg) A8 that

unders circ ram.n
o PTSGHaRes (SRR el e EF G QO deitied n this figure shall

30 also be used for referring to the voltages on these nodes.

A bias voltage Vi, is provided at the gate of current source transistor 400.

The p-type current source transistor 400 has its source and substrate coupled

to a voltage supply lineV33. The drain of transistor 400 provides bias current

to the common-source connection of p-type input differential-pair transistors
35 402, 404. To help minimize the die area, p-channel devices share common
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20 el enents, which not at all are related to the
circuit functionality. For instance the diodes
WO 20m/is¢amed, e, f grounded respectively at 460a, BCT/ND26047000086
can be regarded as parasitic devices only and are in
no way central to the operation of the sense
anplifier circuit as such. In a generally preferred
enbodiWiEht bedigshehenesethe izsiva reBHICeNS fotoplopar Binctionality

25 haydw. %Eﬂéﬁ%a’ﬂ@ﬁk&ﬁ 90 d4EUranant sl Sidle & MBimbMBHdy that is

Si gnal i.s ad s\g?l% ﬁ%@%ﬁ%@%%ﬁ%@ to the gates of

pseu‘iﬂi1 ipe &o
bal athe éopandi ffesgrtivdtpaicainsissrsghQ2 aid $04 hedpectioalyb€he drains of

Sf)légl b "iﬁgut"%ﬁ”%xérﬁ Al l_p%ﬂcﬁaﬁs?sﬂ)fk%@% 51?&' b4 dglkf?gﬁ@%lﬁt:es of the

t hat CaSé@‘ilﬁwéiég? Giangigtory éépgﬁaﬁléﬁewe%w@w érhl%%%ﬁ% glage

d e]?l &ﬁaﬁﬁitﬂcﬁlly hﬂn@r(ﬁde@ 4he ogét&ﬂéop?@alw fahb @em@%inlﬁ Bimilarly, n-
referrin

Vol t e dagtreo s GaGEe (RS BRERY 40 Pledfpeoded with n-
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connﬁﬂtag@mo@faspehdmg to npeiintelibier drtrgaliffaence between the active
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shar e conmton _
2004¢®5g4@)6atn@¢/end@c§@4ﬁ@@em@e PvRneh BanEstofhadeils, 422, 424,
13 he 432@5412%Qar6 QUL e/sSsifnBle W@P&ﬁ*fmﬁ&!lﬂ(lﬂ)@é@éaﬂcltms in the design

cormbhiiBoyC TS hapEEah 48 1o Rl A eedback to
and ﬂhNMaﬁmﬁ qureand-sootas teehsiBotshis Sydtiesit abde (VM. puting

di ffﬁ{a? 1“ é{eaV@'l\ﬁtv@[ﬁgél%Z ﬁggrt‘ﬂ&ﬂal to the common-mode

t
i ?@?teﬁw agfa UL 2R oMY e Nrgstik e biback frpueh fapacitive

2@ ourgassistbrd 46, 408sat ade e @Mt ot tha rphicest aff qirdeh®-sancte4itRices 438,

|r ﬁ;?f;{/&e g&?[kcyls a-qﬁlrﬁ?lﬁﬁﬁﬁé)ﬂiﬁ c%%?rﬂﬁ}] ﬂé@é@ﬁtbﬁ?‘lf&ﬁfage during charge

Si ni indegrgtione= I hamf@ltloauwle the @bmreabswsamnng should be noted that

tr anﬂeﬁhﬁﬁﬁtré&@st@ﬁ%cﬁﬁﬂ %bﬁlcpﬁé ﬁ%ﬁnw frinsiforsCAiRinAgcurrent
transi stors 434 and, 436 V\,hl

SR APHSTS B JHRRE) B a0 T S Ce- UpiteFiter
25ut pimplemehtdtion iasot depaideheor tioecdretustion modeletheufEsistors in

and %% conedi &4 forn NGGHhS LH0R fﬁ%(ﬁm?t‘gag miaﬁltﬁilﬂ@d.

voltaecorres ondi to the Integrate

diff renebet theatl

fig. ﬁ lck?1 CRCL S ﬁ%l'@ é)ge}l ?g¥ eregjcl%l %enlgg Hsf)? et eljé[ult%omprlses a
| NR§W1tQh cipagitos pommarhmodadeestbagkleap tq;g/@mteol the output

P- Ch@élﬁﬁﬂonhﬁ@ﬂ@ 'véft%es IﬁQ)@her“vQ&ds"r@l% co‘ﬂr?rﬂon%@o(fezﬁedﬂz?& loop

re all .utilized.as si termn ac:ltors
n t$RISHLE P RAPASHTYS @e%ntwp%%ww Zﬂréhl\/?%s
428 Qurostitd ucammimsisrorid3 8 eblh dGK, 486, duden-ghtes] (SWI’[Ch ‘transistors

cur r&% “FOUNGSRE (ARSI SIRL T 4P gyclé“&wﬁ‘éh HQHﬁst\égvh?)O 432 are
closed (the voltage on nodes CMCP and CMCM is high) which nulls the
voltage on the capacitive feedback transistors 426, 428. Next, the CMPC and
35 CMCM voltages are pulled to low which turns off the switch transistors 430,
432, thereby establishing a capacitive feedback path from nodes OUTM,
OUTP to node VCM and the gates of transistors 438, 440. Since the
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charge-integration, the VCMvoltage is proportional to

t he common- nbde output vol tage (OUTP+OQUTM/ 2.
woOlegaasyse f eedback t hrough capacitive 20 transPermiOR004/000086

426, 428 at node VCMto the gates of current-source

devi ces 438, 440 controls and nmaintains the

common- node out put vol t %e during charge integration.
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her I Ng.
apatPting éntﬁééadl?é’e &hepsl%q{g? .fréw?{ ﬁaa%@gﬁi%ﬂ i § i intograted by
nodeth¥Chfcaante demnsgatmpdifichs f02anad SO sortRBiedibOparsilelg end is

the 43 \eréﬁ) %@%@%@@at%@ﬁ Py W@&of?ﬁ%@%‘oﬁhé’&ed in

transi st or anges
commpriaipld@f figtdp (e resnt PRgUPNy gqowtm caacilighgpryisieg 406 in

to ngaa MMifiansha {5@4{1@@@&653&1 arfde@ﬁitﬁa@a Aeasiyrkeensle
ut vol.t age const an
2 05 CERIDUTR S, BitRibe HBuha SR ErEr ther e Ll ebl o is
anpl intégratedibycasnse eonppf (Gasl isgzarsidroed ta s egrasiitiwniraedistor
capaggg. qrhe%mgﬁﬂmdtﬁﬁﬁfe ch*ﬁaifﬁdﬁ‘?&@ﬁ@ bW eed BBdes IN and INR is

commpn- node sel f-bias._. e sw

{ r andiergicd st el tﬁﬁ%@erewum gmwr SAoutm:

ar e ‘Phisldfferingb)is ptogoitiohego nhé ogargt déffefence €ad cQel e.
This establishes a conmon-node bi as-voltage equal to

23 he AQidnfﬂﬁ? uéhfé Masr Rledbhék GiS0OE 498US p@smbﬁé@ bi il feference

N R e

f uncbalemcead hispdygpatomsy ffamwtesugrdummylggte dapasitos dds its gate

for @Adgléchfc?%rouﬁﬂpﬂ@fa'a%ﬂsitSSSQ)cher’Q@am%ﬂ duBstrh@ corplddo the

part| UTlM output. %CI aulté)/eze}c[ 5 usslt?an%{stor 4?18 of n-type has its gate coupled

put. An p yp g p

30 to the auto-zero control plus (AZCP) signal, its source coupled to the INM
input and its drain coupled to the OUTP output. Similarly, there is an auto-
zero minus transistor 416 of n-type on the reference side with its gate
coupled to the auto-zero control minus (AZCM) signal, with its source
coupled to ground 462a and its drain coupled to the OUTM output. The auto-

35 zero transistors 416, 418 perform the necessary switching for implementing
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the integrator feedback capacitor used in the sense

anplifiers 500,502,504. 15 During integration, the
wohersgsedosom node | NR shown in fig. 5 is integprara®d2by/000086

the reference sense anplifiers 502 and 504 (connected

in parallel) and is transferred to the respectlve

transi stors 406 thereof (also connected in parallel)
of fihg.auto-zaeempdeuhs itntyPedrichgeansistaie: hasalcs gat@ecoupled to the
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i nt e@?%&lﬁaf 4240 SPpesay 20 sl M{I@ﬁfi,%ﬁjﬁ &geqepg introducing positive
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cum s b AL, b ARER Y uinc bl depiond

ransi st or
on tpesities tvedhaek. disdecniiomadis. Arhe LI skme! iy Wiiged in
o n 0&&1?? gﬁfpuﬂéﬁa Qe THY rmmwél%mqi is Q@Je@@@ﬁvatgbl(én?tﬁét%re tied
a acC as Its
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to thap Hﬂ%@cﬁgﬁl@ c@ﬁ%h@léél\la@ EMng(aMGB)WS ifgetdack ilatsh, thle positive
sour ed to t.he r
to t egd&#&%ﬂg &ﬁ)w gﬁi lepﬂé?.l ﬁqéepgahgﬁtog 4%%%‘}1{8 s%ch

19 nutransistos 20 oRegerer @iﬁvmpcwfp@e &nadbh(ék et be @htﬂen@i bﬁépulhng the
Wi t hy irEgy E@&eemg%% Rh&6end 8f LheadbyQe ZEKiQ WiPINuE® bnThé ¥&itch

|ts spurce . €O

ina THasiePateoBiteerouting ouie dhiek Tiith He pubiERr node
zer oOUTavihask ao shel frfput Ad8e PM drrouglh hengade sspagitance of the
SW t ting 14 WO 2004/086406
PCT/ %ﬁg%}l q&%@%l}?ﬁﬁg aut o-zero node. An n- type | at ch

ran 420 h ate ¢o
2 LTcly SRl o anki) IBE FRHBLET 4! P i Pty bigggd and are
i ts thehided fooaphelation puleosgatemete acwrawﬁequahmesNWELL
422 ¢ 1t5%§§s@@ﬁte@§wﬁﬁ tﬁ@arléé‘spﬁ-(éhhl%em%%%@dTh@se diodes

node M the end o e inte eri.od, a
| ogi %ar&ng@qr%l B5nignotsd {Ort E‘? HHWS?P%EP& russi% and
connect the capacitive transistor 422 between nodes

| NM Brehaostnfansiéoish O 4272 6ad erabotoniiolled byef@atCaMﬂ signal of
24 hat figi |(CM(§‘1l> ahd aVIEM UEPLhorted nhRg. DS')OPﬁbr & ah&rge MAegration,

"ol Bt RE oreiaonBi s BlebEOR AT Fof i 2t gL Py pRuAbE logic 1
f eedbackto BB edniclt twns bn@-0®mhbswmm¢8$ﬁh AB2i Swidtighyransistors
uti| h?@dmfhré%é@ﬂﬁﬁe@apﬂ o 1R fad 8 edr%’éeoﬂ-cﬁgﬁaﬁb&ﬁ?él signal

never_ act vat erefore tied
heCtale, DhoatdlasBe Valiies or Speaciiyse apstsiors 456, 48 lhercby
30 establishing the common-mode level at nodes OUTP, OUTM, and VCM.

As mentioned above, there is a common-mode transistor 432 in the amplifier
circuit. This n-type transistor receives the common-mode control plus signal
(CMCP) at its gate while the drain is coupled to the VCM control signal and
the source is coupled to the OUTP output and ground 460e via diode 470e.
35 The common-mode control minus CMCM signal feeds the gate of another
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From t he above section it will be seen that the

pseudo-differential sense anplifier circuit conprises
wanoiisemsal positive feedback | atch, the posi PCYA02004/000086

f eedback being provided with a capacitive transistor

422 and the switch 15 transistor 420. Regenerative
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10 nt eyAdicontrol gigaaliol t age on capacitive transistors

426, 428 is zeroed by a E!yi ng logic 1 level to CMC
whi cHutm@momam- wigeobesionl3d reA8¢h mBdiet cbmmon-mode

t r anghsdiNoss 4?@%3_24_38’[0%&'0%%}&6’{3 g af %&‘ léltlaﬁ transistors 414,
fall |£1(? ed%g,,ojf dj,gi thgl cont ra@ si gnaf MC. Thi_s
nut 1 429 i 957 ageel o rdelpderns thet fhorteql Gi&nalod ZOeMCP,
t her EMCBDarmbLABH st alhir hehipbimosicsude T}ﬁﬁ ebilladerieH e
P j ove, there is
U I YT B0, VL8 By o n
Thi sOREN saitpyta 9k ithe spnse asmlifies aiteaite bnawexhsidp, the auto-zero
, gon_ttfr@ﬂ_lsiﬁbw |E6,glﬂi8|reir{aﬁi\%séﬂ" \jvﬁif’felt gt @O L BN circuit is
rai . i.s, coupled to the contr.ol si a e .
cour et R iR R THE SRRl b S S UL A8 GHGwe in the
vi a 'diigllelogiostate3whith e ontrnheignal dEMEPardCMECMUSVEMCM the
i g @56k 1 a - : 6
Tt el YOO
on tHBPHEPLEIEHHE Qucselt hepseltled; theamplifigseirquitisgilagegrin an

has amplifirmbde ediepd etk domtidisigvia 4@, dMePyTAICanend LTCH
ut an oun

2 SEAUE ,GRP ke sfark R0 M 2RO s TS S B, 452,
ps e AIBOERTT BRBaYistoas 45@ af¢h sansigorsedlidgrd20acre hd "open".
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FECRACRR1s AR T TR e oSS e
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vol {%“%Hcﬁ‘ﬁlgéf ofB 0 oo P PR a0 L B e

and T gy ifed bagks and facmgcthe smipat OUTP and OUTM outputs to

30 latch based on the sign of the signal.

In connection with output common-mode voltage control and common-mode
self-bias generation auto-zero offset cancellation is obtained. Specifically
this will take place as follows. At the beginning of each read cycle node
AZCP is pulled high. This closes the switch transistor 418 in each sense and
35 reference amplifier, such that a bias voltage is established on nodes IN, INR
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10 VCM control signal. During comon-node self-bias
generation or refresh node, common-node transistors
woO2004/08806 aut o-zero transistors 416, 418 and ParmND2004/000086

transi stors 414, 420 are all "cl osed", which neans
that the control signals AZCP, CMCP, CMCM and LTCH
are all in a |l ogic state, This wll refresh the
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o
LTM%%"I?C?“%@C@EW&bﬂﬁﬂ&exwﬁ%@t? PR s eRidleap gharee

1%r eabilagca regenerative feedback and forcing the
out put at OUTP and OUTM outputs to 30 latch based on
t he Ai fyrst offetdnee diighiad 508 and ersvewid mfersintd bitdinpus10 are shorted

efﬁ%qeclt \’18&«5 PR, qﬂ?;réfytrel?c%dm{: ﬁﬁ&?&‘oé“ﬁ% in ﬁides p%t%?ence

gener Ion auto-zero O ance

Speciemogy (cglls t5 hitas Sdidb) S1eae 19band sigund ﬁb% Sipe. The
begl wmngla%neﬂtebfeﬁ@wé Byebsy é&ﬂseSIZIf‘bZ@%b%nBlglrb@ﬁ’ds 514c, 516¢c

Loses .the s ansi st
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vobthge Soral e e B RICac SRR SR Bich o
438, 00%6&%@&@?%@%3 v&h}eﬁ Rel MM ArEepamplficr fgpding the
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e

nel S ORehii®s bt g 1SrGRATHE 302 S8 REL GRS tohe shirepeot

bi t loigime's0 " "aaml thikesecond reference bit line 510 corresponds to the charge of a
30 logic "1". It should be noted that control signals AZCM and LTCH of the two
reference amplifiers 502, 504 are coupled to grounds 528a, 528b.

The first reference amplifier 502 in parallel with the second reference

amplifier 504 provide a buffered copy of the INR node to the CHREF node

which subsequently serves as a common reference input to a group of sense
35 amplifiers sharing the same CHREF signal. Figure 5 shows only a first sense
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reference bit lines to the input offset voltage of the

pseudo-di fferential sense anplifier circuit. This
wohb®asémel y decreases the sense anplifier offgetr/NO20GW00086

10 acceptably small |evel. Figure 5 shows a preferred

enbodi nent of a pseudo-differential sense anplifier

system for use in the present invention and capabl e of
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and the first sense anplifier 500 all have a structure
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contprolvidddgwiths gefChbamed biakGH ltiget fnemtthe assceiaeé aoengement
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2SO L I SR S R WL, o
subsdlgbenate yersemvelsa genegalcssmme ampéifisr skistem immacudo-dafferential
gr ouRQé a ﬁ?eré”ﬁla%'i‘f@h ki 'u@é@ 1r§9ﬁ‘}5 b 16£%n%ﬁ§ewgharges or for

si gnal fiITst. sense
20041}5(98‘8&56{%?5@95 R’é*f@%%?e% @Baplarﬁ,srl.afq arg%efpfe@,q?t Fhis could
ment ¢ focadsgbetipe césesﬁﬁ‘fs&oalﬂ‘phl(f merr&nekcvﬂtﬁra thdmetrdvey cells are

250t n e@g}ﬁﬁﬁﬁ%ﬁﬁh@@r esfté%g* n{e'élﬁ 1? Pr?arfﬁ{ ngg\]o'aé!h W & Rense

capa@Tle IGBSSESt%mdS ghotinén 5846, Wh@shf @anslte ¥gprted as a more
anpl gefrie@ﬂl&@ové&fsﬂoh dfttenseadRplifivr §jeerfliih FRL 6NBEt WahWee a single
'ts Sasrgg Is’ta or1ng mleansI c|>rncapa01tor 601 corresponding to the capacitor 512a in
fig. 5. First and second charge reference means 600a, 600b are connected to
30 the common input node AWL, which also is the input node of the capacitor
601. The charge reference means 600a, 600b corresponds to the capacitors
514a, 516a in fig. 5. The charge references means 600a, 600b have respective
output nodes RBL;, RBL, which are short-cicuited between the nodes INR
and connected to input INM on each pseudo-differential reference sense
35 amplifier RSA,, RSA, which thus are connected in parallel and of course

corresponds to the pseudo-differential sense amplifiers 502, 504 in fig. 5.
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5 506, | abelled as node IN, and the CHREF node. The

output of the first sense anplifier 500 is taken
wai2bdsmsenti al | y bet ween the nodes SA,,,tp and BADMNOZN04/000086

and is converted to a digital logic |evel depending

on the sign of the difference result. The entire

groqE of sense. amplifiers will function in the sane
mannéhe pagndondiffarential gefesencenisnee PEPIEGOS RBde, RSA; have a
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?gfiggflggfrﬁéa‘?ﬂ% TdVige gL fo% &%@5@1@@ 7t0be79f~‘§@tw?€en

tric ne ivggere cel are
e SoRRORGaaN BrRs QUL domy e e ARdSR CFaraF Fedfrence means
appr @t .« capacitns eorrespondirigeto mys:ﬁlerga =fakovnnicans 6¢0a, 600b
6, ' ﬁE o(? e P&Je@&ﬂﬂﬂ?ﬁn@%w% QBﬁqﬁlonglﬁ'i?ﬁf ﬁéﬂgseWLl W%m and

versi|on

2Qn yheafes@qxgm@n %ﬁmtg@d@ﬁ BﬁlngRﬁéangvm}e %ﬁﬁ&éﬁ&eoﬁmmmeans or
COr I @§aefti N I Batd @ re@apaout@lt olida BIN.. E]L,gas $hovi. MTe common

and second c¢h e ans Oa, 600b

o onrEPEhSo TR BE IR SEAR, TERES a8 pNcus 0B arp ggnnected

i s twahiinputs afodspestive hefereapaciensr amplifiersTREAghRS 4 which has
ref e&ﬁ?ﬁ% IRARSt8Q07 1RO E8hERRONIESHdR CAREF. The connections

capacitors

25 of efEngRa! mgaﬁaegah%eBeﬁ%av@erregwcha%@ ovisigdasishown, in all
nogeﬁssﬁ&lﬂ sithfBi2towhbehoffig. $hod in conforingly With weisrfigune a
noae t;
k%ﬁ]yfog%gﬂ. g\ﬂﬁﬁhglgsr%% rb%' is ﬁ%ﬁ@d %ﬁﬁ?ected ﬁg A{lelr inputs
Rsmlwldhthew@gp@rt@e@@ﬁnm @wtnuiﬁ nBé@%BLeI I%Iq»dOEﬁhe charge storing

C our 1?1?an§ 201 EEROEIEMbA refeeeRamie- @HRﬁ%%%?o%ﬁéct&@ Rh input
e
G RsS0B3Y SB iR paE pelimaalif ey Sher ai b afbr Gpewing fiss.

Sensmchﬁm will be se@Sikbt tlRSARehastmaly has the same generic layout, but
with the individual charge reference means and the charge storing means as
well as the n sense amplifiers SA specifically depicted.

Fig. 7 shows how the sense amplifier system of the invention is embodied in
35 a passive matrix-addressable arrangement where the common input nodes
WL,...WL,, can be regarded as the word lines and the common output nodes

19



common out put node CHREF, which is connected with a

reference input NP on a pseudo-differential sense
wanpl4isses SA. The charge storing nmeans 601, PO®/NO02004/000086

capaci tance of which shall be sensed, has an out put

node ABL connected 5 to an input on the sense

anpl Lt er . e cqQpnections i he arrangenent in

fig. 1‘%Iatr B‘E%ﬁ; §E+1>-rggpé%@ ?e_é?%ﬁra%fa of the bibdiacs i an g1-nBnatrix
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anp . SY.S rendered in.fig..6,. no i ng
T oM P Al SR Gk dsmgilinsfie s S o be
1%hartgemed ersuhbloskadshe senskiagplifiatmysens axdge will therseag that if
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r epg? ge]tr?f:ne}ﬁ%ggﬁ)gn p%ffﬁ g r%gx ﬁ%@?%@oc\%\ﬁ f“ﬁ‘f FaiLekthgpe subblocks
r espéborgl nobsracificalsehoven tmfibi 5, asalRSAR]l REAZnwhiaRe
has an@1i itk $00GBP & shith igfgtﬂblél@?atfbmﬂgﬁérﬁégpéqugﬁgg for data

CHREF. The connections are, apart T 1T
20chasfuagerast ﬁl@emr?éiéiﬁéOWWOthﬁrSQWQj@@Phﬁesﬁ@&/ld,eplictﬁdawill be n—1

re ts pendesaraplifib@rrepestined Q)Iy_chle thpaciingdd30 %nﬁ?ﬁfc%ﬁfgetd()nnected
Wit E r rali of sens I fiers
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t hereWaege is. @hé ParallRPARI0#OIs all Rl £l i
Jnods, CHREF | Zlﬁcogn e i S0 el o By tne of
r s CHErL R aHoMEH Pard cphddimenjis shapyn éfigad inpreferable
f i gend Gesigalde n iotdesitb Iprveids earimphated fiebilahtien r<])f t}he referencing
act . ner.i . but. with the .. .
e SR AN e ol I i
st of FPRIOFERPE: adch subblockscampiving enderaditypkidfisense Saplifiers SA
specofinezadbly t(?@@ﬁrﬁ%l@l?rﬁurﬁb&- k Btf BhaWes %\dn’t;twgfereg@r,@ﬁ@e sghse
anp er e .he_i,nventian_is enbo In . a
B0 e KSR et Zap LY A TE ShEr R s forgspectively two
confriAranep bit linwadSBIAL RSB adjoaringehe epatatedbiakindsiBL
Wor glss giStodE shbBloeR TP THRUERHENAPE% $ines RBL are forming the
common output nodes of respective pair of reference memory cells 800.
Hence with an appropriate number q of subblocks SB provided for parallel
35 readout of all memory cells 801 on a single word line WL there will now in

addition be pairs P/RBL of reference bit lines RBL, the number q of such
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19 WO 2004/ 086406 PCT/ N0O2004/ 000086 RBL1l, RBLZ;

BL1,...BL" can be regarded of the bit lines in an m
woRbo4/ag64060npri si ng of course M char ge stori NGCTRA2804/000086

701 which then could be the nenory cells of the

passive ferroelectric menory matrix, while the

appropri ate charge references are provides by the m
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16levi g@plitieraddi tion there are provided (at [east) two
reference bit lines in the 15 nenory device and
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vi a soouibed mgd@altEdl-IREEdﬂmetslmexcmé e @reaeh senddine WL is divided
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2(? eadtb@n the sanp nwsrhsr I dél) liresoAhis enh@dlel%iajshqwrescé”femaucally
25 t hleﬁgemweﬂé%é %@eméﬁ'@%ﬂ@ noca@éu @m@@u Qi‘?cDBﬂGIﬁleSd?@Mngs for

or ovt Biitn itk SBode: AT ats SHpBReT metpBIEF Babiig sense
pr ocadphﬁer bluck) vslldowebbyraiidedivig 4 hembenkef sense amplifiers
an‘pl ﬁ‘pfgcl?igg tBttHe hﬁﬁi‘% E%If bll(tslﬁ‘r?é%l BEKS ebh w%?é’? Mine segment.

subb ura sense anpl | i?
BA H m lgpesirM ar §asm gake nwa%&us@ ddpr spnnqqt%stha ¢ lines

tvvo BﬁfcﬁT@@ﬁeegmeﬁtsto?&brmpbhamgrs%nmphfi%ZSArinelaé: Bense
subbl ock ~.SB cO e% to respevf,lls %é’ r ef BLence | oad
oi ¢ PRALGeREan HeBro S A s G TEIR ey B R P Ragn be rea
BL #smErgheld ahd biyteeg subliipdekingBhe Tamersehss ampbfipitnow can be
i negsRBlor 2 K1duP 'h?bgﬂltllteh 6f em%\ﬂfi% R?'ﬁrd rlﬁfé:%%gﬁfent in turn.
respective pair erence nenDr¥
30 This, of course implies that the pair of reference sense amp11f1ers RSA,,
RSA,; in the sense amplifier system or block similarly shall be connectable
via the multiplexer MUX or pass gate means to the pair P/RBL of reference
bit lines RBL for each word line segment. Specifically the arrangement will
be such that the first sense amplifier SA; of the sense amplifier system senses
35 the first bit line BL, in the first word line segment, the first bit line BL in

the second word line segment and so on, the second sense amplifier SA, of
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Hence with an appropriate nunber q of subbl ocks SB

provi ded for parallel 35 readout of all nenory cells
woeQdo4msesmosi ngle word [ine W. there will now i RCT/NO2004/000086

addition be pairs P/RBL of reference bit |ines RBL,

t he nunber g of such 20 WD 2004/ 086406

PCT/ NO2004/ 000086 pairs corresponding to the nunber ¢

of sthsbhiensk smpitieerafftent thﬁ$ecﬁn£blm liwe Blg, offihetfiisbline segment,
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sens rs he nunber
e R RIS s BRI BN B 40RVIBor
so- c¥chad rg&gm@@ norlen igevittenéa thedogic @ stagadh destructive

V\g re grelaﬁﬁﬁt Wihks a (ﬂ)blfdr%ﬁon 'r@&&sﬁ%"fﬁﬁ] tsﬁal‘]‘r %ﬁ@' ﬂ)lﬁbé‘ th ﬁle memory
speci f

i Yk
he it I BRs! e 5 TRER ST T CUBRBLEERBR S PEABIAR the
26 chesmbndahby onlym fmagll odtpussamal ishebtaimedr hnceleksge of these

! OC%&guﬁg g}%?fsqs %%Helﬂltéd Aﬂd‘@orﬁn%a[%é 'v&ﬂgff'thf {ctuaqlr%d&lﬁ values from

si nglhe dgmsloringnppmpreeeli, dekdogiv suatmféwrmé h@mg/gv@d by the

Wi t hodpOt!eied: tei 1@@&8@1 AFBldrfth SN the DRAreS FISRABE VAR,
to the nurrber k of brt lines BL in each word |ine

segn@ ﬁcraﬁg t@o@é%réﬁé{&qg M b%rne%aéﬁ f&?ﬁ ﬁ'ﬁg\ﬂsfeéd;out or a full

or C nnectlng eac
2 o CWPF%EB%ﬁagrﬁsnfsr@ﬁé‘éutaﬂﬁwewm‘erlg as&mbpdlm@néeﬁg@ sense

anpl athpBfies yati@min e eRnddry deeive ra)tc@ﬁﬂnhgbs tOthednweritton only a

I ne,;

mul ¢ DR eRg el Bs Bbities ol Ay lap Rl Mn frama be

usederfvasagedaddhe case wherslmethonyf cadksaire fredd mamidaglyvand not in

li ne,808EMA tl'n@ chsd MovaQerd fre- 1%5? egyvé%ﬁustw%mﬁ%y&!v tting the

6 he lp?l r of refer enﬁe s%nse

3 eference memory cell on the active Word line to elther of the polarization

states in turn and obtaining a reference value for each whereby the average
thereof can be generated and input as a reference to the sense amplifier.

It will from what is said immediately hereinabove be appreciated by persons
skilled in the art that the preceding detailed discussion of the preferred
35 embodiment of the sense amplifier system in the memory device according to
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RSA2 in the sense anplifier systemor block simlarly

shall be connectable via the nmultiplexer MJX or pass
wgoav®/osemns to the pair P/RBL of reference bi PCiriNo2804/000086

RBL for each word |line segnent. Specifically the

arrangement will be such that the first sense

anplifier SAl of the sense anplifier system sense S .

t he the irstenion hasrhseBRIVanDY WY o CXRmpes aniy; ﬁ@? §E@ﬁ€ ?he evident

t he thif @b Bhie hhpRfiBEiystémican behrodi€iedrid vapiods Waye without

se nt .and.so on,. the second.sen [ if] -
T eV saiE BaRHTR beRS080, 6 J0at Onha sl 8 deffied in the
anpldldiner appeatiedrheteto.second bit |ine BL2 of the first
line segnment, the second bit |ine BLk+2 of the second
segnent and so on. It shall be understood that a

typi cal application of the sense anplifier system in
the nenory device according to the invention can

i nvolve the use of a 5 large nunber of sense anplifier
bl ocks and al so the use of a | arge nunber of sense
anplifiers in each block, but only one pair of
reference anplifiers in each block. It should al so be
understood that the node CHREF in any case wll be
common to all sense anplifiers in a block. It is also
to be understood that when using a segnented word
line design and a nultiplexed sense 10 anplifier
system as nentioned above, the sense anplifier system
also then can be divided into a nunber of subbl ocks,
inmplying that within each word |ine segnent there can
be correspondi ng nunbers of pairs of reference
bitlines. Each one of the pair of the reference bit
lines is used for addressing a colum of nenory cells
defined at the crossings between the reference bit 15
lines and the word lines. The nmenory cells of the
first reference bit line of the pair may be witten
to the logic | state, while the nenory cells of the
second reference bit line then are witten to the
logic O state. In destructive readout, either a

pol ari zation reversal or not shall take place in the
menory cell. In the first case a | arge output, e.g.
current signal, is obtained and the 20 second case
only a small output signal is obtained. An average of
these output signals is generated and conpared with

t he actual readout values from the data storing
menory cells, the logic state thereof being given by
the output either being larger or smaller than the
average reference value. GCenerally two reference
cells shall be needed for a full row readout or a ful
25 word |ine segnent readout. However, in an

enbodi ment of the sense anplifier systemin the
menory device according to the invention only a

single reference sense anplifier and a single
reference bit |line may be
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envi saged in the case where nmenory cells are read
randomy and not in parallel. In this case, however,
we 2p4@sémad cycl e nust be enpl oyed setting thep8®/N0O2004/000086
reference menory cell on the active word line to
either of the polarization states in turn and
obtai ning a reference val ue for each whereby the
aver@galMiher eof can be generated and input as a
reference to the sense anplifier. It will fromwhat is
sai di.i medisaisel ampiéfiei syateoy forrensipgribe ichergs Ay Prssyéns
skill N . ' e aracterized in
di scaud?g S&ﬁbfgp: ?}a%%é S@@%r@éﬁsg&@@ﬁqgggﬁ%%ﬁ%ﬁ% SEHRE 600b
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MO 200088406 aRIT NARAGATI0R0BE chthee-tovieptriemst{@81), said first

been .gi ven way of I \ :
e Ty e Sl SRS AL e 0B o e e
nodi dliaege Fefercack ousnadge0 s3idutrst aed peadpAghprasnieterence means
spir r .
) g S SR e Lompgan seemoen
2000 GEEA0Y HCHF N3G04 GhBBAO Akl THeLgiggonse amplifiers
1@33' dKS&Elmﬁ%ﬁBiﬁ@re@ewﬂg coheeatbdmgth @f outpphsede/ RBL;
addrgssa charge- st o e
o BRSPS BE 0L AR RO e Bkem
and secdnelifivarngial pppdifient R P an’S febbuing edappdor generating
Cg””@&tﬁaﬁ?réf@reﬁ@é aldnals %ﬁc&hﬁ‘ﬂoh&é?&r@n%d\@dﬁ (CHREF); and a
char ge-st or.i nmeans .sa irs -
r ef e]gﬁhlélé'({%%g@t’(ag é@%é: F%@r lbaﬁfr%% ia&lerg{ #PBut connected with
190l athiezainimon eéferdrecsmdo(CHRERY fio reedivingrr eompgngeierence

(6008) s el £ | PSR nEEABS th
(600 ,P“ég‘%o"%l_ %”ﬁ%QFE@@%?SE@HSF%S%E%%O ) havin grz "
a coelmygeistying m@@@%(QOA\)w_yvhexfe,byghe Reendos ential sense amplifier
E)SR g UCOA %&é&%g&! foperfehes tﬁﬁ@ﬁlicﬁﬂ rReepaRRbL hhégsnd@ting an output

; : ei.ng.respectivel y conne :
out pSRDSH éégé)a(l rggi_ligtwq%fazyofgngﬁgn gpat? ﬁgﬁ%héa’ﬂ}agge-%rmg means.
reference neans, said first and second .

20seudo- di AFEREHPTAITISHPYSIPN @CEOTHRANT gl%%) being
adaptkstaterize€bertath tig pseutlpuliffesdtiat neferepicgnahss angplafiers
co i ef e e B o )
pseu Séil’fﬁgggﬁ?l?cgﬁ% es'%ggﬁgri% rle? ﬁglr ge(IgZ)al,l}Palllvf}err]éSé) being
fi r sidenticat preodnebifferential penss ankRlifieyrasiiieef er ence
node (CHREF) for receiving a common reference input
si gnal and snseampiifienpyiteriaccorideg 0 agim?, @b@rpgterlzed in that

| gn t e Olrh PG GOJA;) ctherRYnpri

2?he %é%%é%éagﬁ ?ﬁ gfreg%ﬁaglge@g%ﬂl gfrlrp gléll(r’ Q@%&gfg/ s . pfr e
enablinhtileifpentiel paia tltaﬁﬁléwél(‘ﬂuo%é{% CPBBieth yith a pair 0
genegaddodsd anoit Ry (41 G ersy, idaatertndumeatiivgnghan transistors
pol a%ggc%tdleg ?4?22,‘34{4%) %\fritﬁ Q %alcrho%xt en'sf’stt&rs'(ﬁ%,%,s said cascoding in

each case increasing sense amplifier open-loop gain.

30 4. A sense amplifier system according to claim 3, characterized in the
input transistors (402, 404) being p-channel transistors and the current source
transistors n-channel transistors (438, 440), or vice versa.

5. A sense amplifier system according to claim 2,
characterized in that each pseudo-differential sense amplifier circuit (RSA,
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20 2. A sense anplifier systemaccording to claim1,
characterized by both the pseudo-differenti al

woebevmsowe sense anplifiers (RSAL; RSA2) and PO®/N02004/000086
pseudo-di fferential sense anplifier (SA) being
i dentical pseudo-differential sense anplifier

circuits. 3. A sense anplifier system according,t
cl ai YA Rgomheisesca semi-balansed fugl input dhe IND) with d balanced dual

pPSeuifp g (f(ﬁ@mg/nt(bglrmense anplifier (RSAL; RSA2)
circui? conprises input differential pair transistors

(40 40 ' e ded
. aﬁ%i o g%g flhg&;sl?ﬁervgyfsﬁnaa&aﬂram% to GRAREO!

) ; 412) 7 and curyent. source bi.asin .

pai rChtaF%i’@lil%fidoF’sthaEé%%’oﬁféBg?' crenlia] Ssaise Pl it (SA)
5 r ansinspiides o #ddchelidapacisai commeaddedrpacinloopa@Rocdsdd 430, 432,

i ncr | S I.1f] - ] A

sonsS arat 11 br P et Lo RRRRShRBR AL B yoRagt:

characterjzed in th i nput transistors. (402, 404)

bei n'g p- c‘Lé?ﬂF@l angpléﬁgri %’F%P%a%??&g%toccd?lféﬁt sour ce

t r andiasdaeized ththanedcht panébsﬁﬁsmn(ci@l%&nsdfamplifmr Qichuét (SA)

versa. 5. ier :

S oy S 301D B LRVELTRACHR PARRIbP SRR mode
10senselizhisisigenerations cui t (RSA, 24 WD 2004/ 086406

PCT/ N02004/ 000086 SA) conprises a sem -bal anced dual

i npu. (I M sen)amplifierssyistanaaceddingaio claim put (OUTM

wp%har@cteﬁzé@ﬁ?’@xa@%h‘ deQHo N FLAMAE SQsdiaRehfPerdifdui (SA)

2, characterized in that e cgég)sg do- di é&eiﬁ}:l al

sens“é’%sﬁqsfqne‘m"cgr?]cl%ﬂsﬂtlYes%e & ﬁﬁ’icpéél a5 t ched

capaci tor conmmon feed-back | oop (426, 428, 430, 432,

434,9.436 A 48%5¢ amapljiiercsystam petordingiorcleididon node
150l t @f@actérizdl SLMAE cRMOpIehi6rdi S EIneIAl fEieraah f1Efidrircuit (SA)

claim 2, .charact efrl zed in té{%t teach1 .

ps e URSRAITFSPERS 9F 2URREEC At FINrlghPBui ¢ (sA)

conpri ses nmeans (430, 432) for integral swtched .

capakl-t orA eI B SYBtP 69T Seﬁ?]é’gg%‘% GapLges 82?‘ purapity of

sEnS@sam! dddg@saBMﬁdh@@@ﬁﬁﬁhgim@nfsqw%)ai m 2,

chargcterized in that .eac 0- r

ol SR AER i po R RE S IBRPREE PNt bEp HbL M S SPR Mg charee
20 eedretiercked ateahs (m,sim_ﬂal) to the chargensteriagphéanisdr01), said first

Syﬁ@d@r%ﬁ g%%ge:ﬂfag b QnSt AN Yhavies BleadRkRE poefidafiohatthe second

each ps erent | ‘'Sense. anplifier circuit (
comp1Ag8 Fofeiee Flfan 1 80 2 Ergo bR S HaFeT Gt ot pharee
A sefes$ereac®hichhehagingtaetorfimon Semsi mglet(WéL L inad g e@airaff @mmon

E"n‘;rl bt nSes RESS! WBRYHERIADLS OAAESAE ViR 5418 FATEAAR said
25 second charge reference means (700) in each of said at least two pairs

thereof, each common input node (WL) of said at least two pairs of charge
reference means (700) moreover being connected with at least two
charge-storing means (701); first and second pseudo-differential reference
sense amplifiers (RSA;; RSA,) being respectively connected with the first

30 common output node (RBL;) and the second common output node (RBL;) of
the charge reference means (700), said first and second pseudo-differential
reference sense amplifiers (RSA|; RSA,) being adapted for generating
output reference signals to a common reference node (CHREF); and at least
two pseudo-differential sense amplifiers (SA), each having a first input (INP)
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characterized in conprising at least two pairs of a

first and a second charge 20 reference neans (700)
wei2m40864060 t he charge-storing nmeans (701), saPdTiNG28d4/000086

charge reference nmeans(700_,1) having the opposite

pol ari zation of the second charge reference neans

(700_,2); each of said at |east two palrs of charg

r ef ercameetedezith shigviomyman exfisrteeinade CRENRYY fRE)fe‘é‘HMl% a

pai rcd?{lmgﬁ'fefé@t hen&tigﬁ?'tt s@fti)ﬂ%d(d?&cbnd RBb) (INg sgpetiivelyybeing
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r ef etEHEE ‘%Yle 18 aCPEEROT RUPLE Hoﬁ? (ggfghs?s%?%tgs '3{% gF said at least
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nodebqlmgmzpncﬁted the cemmcgeomt@ﬂbn@dﬁ:@%awremeqc sai d
(f I %S@grgscﬁﬁ%%iﬁlap§@r%@%h%eﬁfg&* L) §|ena}51@5% gﬁgi?gtﬁ%ﬂﬁrﬁeshold

|

oL PP RSO eS oA BUUE S5 1 ar SRV DBt polarization
( CHREE)e; ofanskledtell ehstge-stowing seade {10 §)f comenttcd thaensd.

anplifiers (SA), each having a first input (INP) 25
VO 2004/ 08G4RG RkiMeR2 ﬁ&@@&ﬁ@m ndlgieh ed, with said
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15 espwotd-liak eldzeiadgs (Wdnrdct mdtnv-atdzssabierariap of gherge-storing
nOdemgﬁllo)r %EIH Ctth' V Sﬂg{&? Qﬁt}ﬁﬁ“n@déé %RBE $bf tﬁé"@harge reference

charge st r|n or ‘recel res

out pli%lea%fr 30 3 gnmg@rm Bhrelgrange it-lipg elccipges (R, RBL,) the

C haL@lﬁnﬁfoﬂrdLﬂﬁuﬂml% (BY9 bY theochurpg storingemenmsnfosmingd bEtFilne

ort onal, r C

o R LT AL LY LB B A e
2@ o oelecwddea(RBlat tbeingoassignedon the pigst WO{IW)

and g&(ﬁlaog’cjlfﬁ%tfélﬂ PRk %Ehé'égarﬁﬁﬁﬂérs((ﬁ{% poli. ] respectively;

gglcﬂa th) %fg’e‘aﬂ‘fjtg\edﬁ??r 1&%9?&& o pgt(lgﬂ-ggpm%ea,sgl(gg ?9 gng of the

enabbmmdboduﬁierefmramsmstemnqﬂh@m (SAa)nwheiebgrin andadout cycle a
gener@flgtr%%é&? st%ret $ 1es§§ 'I&Qéacl cl'lz#gé %%1&1?%m%§no"i‘%€ells (701)

pol af a se ect ed

2% 700%arcbtdelctied aither sedquentially OIAIl§éWé]@ ane ppmrpéred with a
syst gipeRee0kdiag to claim 10, characterized in the
common | nput nodes (W) form ng a portion of the 15

wor dyh i neyelbged 58?%61( %Q c@oﬂaﬁ{%' ‘o?(clggﬁi nessabl e

array of ‘char orin menor s. (7
com@hﬁrégﬁeﬁ@@ ﬁba@ssepﬁssﬁlylpbﬁef ﬁlést%lﬁaheg%g P@Vé@%ﬂ%sea subblock
mean@SEYﬁBé biRkrifmgor@ thah bnekenwefanghte distent bfihis kind, such

3¢ | ec%ha? Sse I§eB %rzriph?% 2R§R?SA) of a subblock are assigned to a
corresponding number of bit-line electrodes (BL) in the matrix-addressable
array; and the pair of reference bit lines (P/RBL) of respective subblocks
(SB) being distributed among the bit lines (BL) of array.

13. A sense amplifier system according to claim 11,
35 characterized in that the sense amplifier system comprises a multiplexer
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common out put nodes (BL) of the charge storing neans
formng bit-line electrodes of said

worbosogemadr essabl e array; each of the refereneer/N0O2004/000086

1

2

bit-line 20 el ectrodes (RBLZ, RBL2) being assigned to
the first and second pseudo-differenti al reference
sense anplifiers (RSAL; RSA2) respect

of t@éUéft)w@nnmt@d witethel kg {ips gdestiodes (1512} Et@s@ﬁﬁﬁ“e agdressable
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of 513%@Vﬂiéddhfaf1@y@fﬁdrﬂéctﬁfgn§ eirstrspt bifid eﬂfc&ndﬁé@ of resphetive

sense a S
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bi t furs’tese‘et(stﬂtlmude@r(dﬂll_l)esquft amﬁlwqunw mmwaiﬁé

Connggs'tzﬁﬁl Jrﬁl onal’ £ e anhe) Wﬁe%ecﬁf&l’eb 'GBLJTMmlSe second set,
|

(700 n eac n
char - '8tigr ?W&twﬁfﬁ t%ﬂiléﬁeﬁ %?‘E%gewyi et Cﬁgwge{,ag,p gremory cells
| i ne(&1§ctitlodeapfijordikeasthictwer ate |defiacd ey tenmemmyy beterial at

;?%df}generegsrlﬁé{ ﬁétWegﬁ QN(ﬁ'ldl 111¥<\—§§ra‘illdl Hlf‘ﬁnése WM each memory cell can

propriate

23ddr be §ch¢gnmlmaddmssedw 2 AuTRe m@@nﬁgaﬁlm‘% g worghkine (WL) and

30

3

el erftQﬁﬁsg E}L)whefela as\rah%:@p&amﬁ & hlrﬂi@n@@gmﬁlr(tSOtIMakes place by
est abl i E

oo e P38 o R SORRSF P PRP BRI B voles
anpl béingrappSAl te yist esil am theavmbedve veorddinemnd bit line defining the
282{)}5?12 Iax;vh!:r%lr{) 858 ¥ F1 IRV b X AETRESS A RhEBREX A Colarization
state in the memory cell (801) or is able to switch between the polarization
states thereof, and wherein a read operation takes place by applying a voltage
to the memory cell (801) and detecting at least one electrical parameter of an
output current on the bit lines (BL), wherein a sense amplifier system
according to claim 11 is provided for sensing said polarization states of said
5 memory cells (801) during a read operation, and wherein said memory device

is

characterized in that said sense amplifier system is a pseudo-differential
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an electrically polarizable dielectric nmenory nmateri al

exhibiting hysteresis, particularly a ferroelectric
wono@losedoset material, wherein said nenory mat @CTA020048000086

provided in a | ayer contacting a first set and second

set of respective parallel addressing el ectrodes (W;

BL), wherein the electrodes (W) of the 20 first etS
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t he gialeaot Aarnspondiagaduahisy ebmenaty SGHEARTT diringsgpid read
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menory cell (801) and detecting at |east one

el ecigical &?d&ﬁc@&cc%?din%% RUinCH b£BlaiN & RBaRicterized in
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PCT/ N0O2004/ 000086 sense anplifier system conprisin
at | PAst Amecmystdamisuiddooding(t6B)aimahl cllatmﬁelémddinaﬂg‘lat the first

eas . :
20 Dachyb s, EShERRLARG dehd by D e?é@ﬁf(cﬁfﬁ’?gﬁ)@%g? adapted
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29pPer glhfly ceAiGoRL | east one former circuit (SA) being
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W
o ol m ARk B sy BTN LE PIERAGEREhat sid a
one boyst arn sansppowlifiesBjrcadtS) sad saidpteattang rgfergpgqisense

pseugiarlificf EREGRIRBIA) 200 séu 1R Rlenfibalcathp51i&SAkciasy.
sensing respective polarization

19. A memory device according to claim 18, characterized in that said

30 identical amplifier circuitry (SA, RSA) comprises a reference side and an
array side, said reference side mirroring the circuit structure of said array
side.
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states of a corresponding plurality of nenory cells

(801) during said read operation. 16. A nenory device
weaceemwodéqng to claim 14 or claiml5, characteri pet/NG2004/000086

15 that said at | east one system subbl ock (SB)

conprises two reference sense anplifier circuits

(RSA1, RSA2) for sensing two reference nenory cells

(80030. durd AipmeeiydlevicsrSpEdRE 1D R1aI8a 4 ref er ence

f er raplkgatiizdd FEIMAL Yaid §sbedo-0FBakntizlvienge apiplisict 8ystem

pol ari zation ce according to

cl ai ‘fﬂni]%rlseér?al?slélli lﬁylofesé{stleﬁl %’ﬁ’g)? %’%ggﬁ)r st 20 and the
second reference nse a ifier c its (RSA1, RSA2)
ar e Adaptedeneyy n&ﬁOQV%Wégg of a first and
3 segipmactegial antat m&ﬂ‘nmbbdx&ﬂd (SB)qummrisisglnpiluretlﬁy@ﬁisaﬁd sense
conmmn

anl wp@ﬁgﬁcﬁ&*ﬁ%ﬁo@%8%4%@ b Bl TR gD Bt ponding
f or mwonper¢ingemiesy cell. put S|gnal at said common node
(CHREF) with the output signal froma 25 nenory cel
(801). 18. A nenory device according to claim 14,
characterized in that said at |east one sense
anplifier circuit (SA) and said at |east one reference
sense anplifier circuit (RSA) are realized with

10 dentical anplifier circuitry. 19. A nenory device
according to claim 18, characterized in that said 30
identical anplifier circuitry (SA, RSA) conprises a
reference side and an array side, said reference side
mrroring the circuit structure of said array side.
28 WD 2004/ 086406 PCT/ N02004/ 000086 20. A nenory

devi ce according to claim 14, characterized in that
sai d pseudo-differential sense anplifier system
conprises a plurality of system subbl ocks (SB). 21. A
menory device according to claim?20, 5 characterized
in that each subbl ock (SB) conprises a plurality of
said sense anplifier circuits (SA) for sensing the
pol ari zation state of a correspondi ng nunber of
menory cells. 10 29
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