24FEB2005 | Sensing device for a passive matrix nmenory and a read nethod
for use therewith The invention concerns a sensing device for reading data
stored in a passive matrix nmenory conprising nmenory cells in the? 46tk
ferroelectric 5 capacitors, wherein said sensing device senses a current
response corresponding to the data, typically a binary one or a binary
zero, and perforns an integration of tm@ read val ues. The invention also
concerns a read nethod for use with the sensing device according to the

i nvention, wherein the sensing device are used for reading 10 data stored
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among predetermined word line potentizls and latching bit lines 1o
potentials selected among predetermmed bit line potentials, wharein bit lines
in 2 read cycle are connected to the sensing device for sensing a charge
20 flowing between a selected bit line and a memory cel) at the crossing of the
former and a word line activated by being latched to a selected potential for -

ipitializing the read cycle.

Ferroelectric matrix memories can be divided into two types, one type |

containing active elements linked to the. memory cells, and one type without
25 active elements. In the following focus is directed only towards passive

matrix memories without active elements, such as diodes or transistors that

are locally associated to the memory cells.

A ferroelectric matrix memory can have memory cells in the form of
ferroelectric capacitors without active access elements such as an access -
30 traﬁsistor and cormprises a thin ferroelectric material with a set of parallel
| conducting electrodes (“word lines™) deposited on one side and an essentially
orthogonal set of conducting electrades (“bit lines”) deposited on the other
side. This configuration is referred to as a “passive matrix memory”. In the
passive matrix memory, the individual memory cells are formed at the

35 crossing-points of the opposing electrodes creating a memory matrix



side. This configuration is referred to as a "passive matrix nmenory". in
the passive matrix menmory, the individual nenory cells are forne§4qqaqm%
35 crossing-points of the opposing electrodes creating a menory nmatrix 2
FEB 2005 2 conprising menory cells that can be individually accessed
electrically by selective excitation of the appropriate el ectrodes from
the edge of the matrix. To wite to a nenory cell, a positive or negative
voltage is applied to the electrodes, causing the ferroelectric nmateri al
to nove along its hysteresis 5 curve to a stable state corresponding to the
witten datum a binary one or a binary zero. To determne the data thus
stored in a domprashechemorcagbcthavran baindividuadly Accypiedaldorrically bg f or m of
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However, there are several limits and drawbacks with the described reference
method and similar direct reference methods, which will be further described
below. '

20 Assﬁmiug stable and predictable conditions, a parasitic contribution may in
principle be removed by subtracting a fixed amount of charge from that
- recorded by the sense amplifier during the reading cycle. In many instances,
however, the magnitude and variability of the parasitic contribution makes
this inappropriate. Thus, in addition to the manufacturing telerances for the
25 device, the fatigue and imprint history may vary within wide limits between
different cells in the same memory device and even on the same bit line, and
the parasitic current may depena strongly upon the device temperature at the
time of readout. In addition, the parasitic current associated with a given
non-addressed cell on the active bit line may depend on the actual logic state
30 of this cell. In that case the cumulative parasitic current from all
 non-addressed cells on the active bit line depend on the set of data stored in
those cells, which then must define prediction. Thus, there are many
drawbacks using a direct reference.



30 of this cell. In that case the cunulative parasitic current from al

non- addressed cells on the active bit |ine depend on the set of dat 4 F B 380&d
in those cells, which then nust define prediction. Thus, there are nany
drawbacks using a direct reference. 2 4 F E B 2005 3 Reference | evel s can
al so be obtained from nei ghbouring cells to deal with the probl ens

I ndi cat ed above. The nei ghbouring cells are believed to have the sane
conditions as the read cells. However, this is not always true, giving

rise to problens. 5 Another inplenentation is to have a single current
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so-cal |l ed “spagd ambliflers) read". Finally, there is also an object of the
invention to provide a read nethod for use with a sensing device of this

kind. The aboyefmmniboncdsabiRaiBetsdwef bbasni@ther-féRatykseseand advant ages
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circuit for anstrsisntutidrefaruwitaining edpensteranet. neans for storing and

conparing two consecutive read val ues, one of which is a reference val ue.
| n an advantiageedsisobodiargnbiat of ke sarating tdémpeey caedeardting dfahthe 25
invention the i.ntegrator .cincy nri r.ati: i.fiar and a
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non-addressed cells during reading of stored data, obtained i.e. in a so-called

"partial word read”. Finally, there is also an object of the invention to

provide a read method for use with a sensing device of this kind.

The above-mentioned objects as well as other fsatures and advantages are

20 realized according to the present invention with 2 sensing device, which is
characterized in that the sensing device comprises an integrator circuit for
sensing the current response and means for storing and comparing two
consecutive read values, one of which is a reference value.

In an advantageous embodiment of the sensing device according to the
25 invention the integrator circuit comprises an operational amplifier and a
capacitor connected between an inverting input of the operational amptifier
“and the output thereof. Preferably the integrator circuit then comprises a
switch connected in parallel over the capacitor. '

In an advantageous embodiment of the sensing device according to the

30 invention the means for two coﬁsecutivc' reads comprises a first sample/hold
circuit for sampling/storing a first read value, a second sample/hold circuit
for sampling/storing a second read value, and a compdrator circuit connected
to the outputs of the sé.mplc‘./hold circuits for determining the state of an
addressed memory cell.



I n an advant ageous enbodi nent of the sensing device according to the 30

i nvention the neans for two consecutive reads conprises a first sanpl e/ hold
circuit for sanpling/storing a first read value, a second sanpl el hglécFEB 2005
circuit for sanpling/storing a second read value, and a conparator circuit
connected to the outputs of the sanple/hold circuits for determ ning the
state of an addressed nenory cell. 2 4 F E B 2005 4 Preferably the
sanpl e/ hold circuits then can conprise capacitors and preferably can the
conparator circuit be an operational anplifier. Finally, a correction
circuit can be connected between the second sanplefhold circuit and the

out put of theekleds AloEakplehtll. c1ﬁuTﬂaelua:bomeenmmls@mqbaeﬂpec?er§i as well as
ot her features _and -advant ages_ar al s r Lo the present
i nventi on wiRTAfapBAAR rRifh PRk Fctiy hgr%gcotz*%?ia@ﬁ%ﬁ ﬁﬁ?% Bonsecut i ve

reads of a nmenory cell, integr at| ng each read, over }fr ed hgrm ned time
period respdtnelly) g conregERararaiacdn PeLORRFIE PCEEHHH e RG VAl ue, storing

said read val,uesie iARREF dCakdgest@patof emdnvedrats, cidiand determining a
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fig. 3a,and fi G L et 100 AQE @RhOfdeat 9anBknrgnseyEnergai t h dual read
accor d?lnog toa%té dgt Le%}rlrﬁel%g eﬁ#old?rrent of%the i nvention. The invention '
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The invention will now be explained in more detail in conjunction with the

15 appeaded drawing figures, wherein
fig. 1 shows the principle of dual -read as used in the invention,
fig. 2 the ormc:p]e shown in fig. 1 in more detaﬂ

fig. 3a a generalized circuit d1agram of a sensmg device according to the

invention,
20 fig. 3b a variant circuit diagram of the sensing device in fig. 32, and

fig. 4 a circuit diagram of a sensing device with dual read

according to a preferred embodiment of the invention.

The invention implements a dual read which can be perfonmed according to two

principal schemes, termed (I) and (I) below. -

25 (I) Dual read by means of a “single read” comprising a dual sensing cperation,
whereby word line WL is pulsed high once after a long bit line settling time

followed by two successive reads (integrations).

(IT) Dual read whereby a second read 1s subtracted from a first read to determune a
stored value. The advantage is that common offsets/mismatches are removed. The
50 word line WL is pulsed twice and sensing 1s performed during each time the word

line WL being high.



foll owed by two successive reads (integrations). (11) Dual read whereby a
second read is subtracted froma first read to determne a stored val ue.
The advantage is that common of fsets/m smatches are renoved. The ) 3Pk vy
line W. is pulsed twice and sensing is performed during each tinme the word
line NVL being high. 2 4 F E B 2005 5 The dual read nethod has the purpose
of reducing the effect of the background current and al so provide a
self-reference on a particular bit line.5 In fig. 1 an integrated charge
versus time graph is shown. The difference in magnitude of the background
currents and the charge emanating fromthg acti\é([a Qg tdfs[hgurve (1) as
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comprise a capacitor as charge storage element. Other charge storage
clements are of course also possible. This will be described below in

o
connection with a discussion of embodiments of the sensing device accorchn

20 to the invention.

'In the same way for an active cell containing a “0” one gets
AQ(07) = Q; ~ Q; and AQ.(*0™) = Q; — Q. But AQy will in this example be
Jarger than AQ, for both 2 “12 and “0”. Therefore, one has 1o introduce a

threshoeld level in order to distinguish a “0” from a “1”.

25 Fig.3ashows schematically the principal functional components of a sensing
device 10 according io the invention, providing dual read covering both the
above-described principal sensing schemes (1) and (II). First a read, typically
an integration of the current I, on the bit line BL is performed by an
integrator circuit 11 (inside the dashed line) comprising an ‘integrating

30 amplifier 12 with 2 non-inverting input 13 and an inverting input 14, and a

feedback capacitor C1 connected in parallel between the non- -inverting input

14 and the output of the amplifier 12- First and second read values output

from the integrating circuit 11 are stored in first and second sample/hold

circuits 16,17 respectively. Each sample/hold circuit 16;17 has an input fer a

control signal CTRL1; CTRL2. A comparaior, preferably an operatnonal

L
Lh



an integration of the current Isy on the bit line BL is perforrred by an
integrator circuit 11 (inside the dashed |line) conprising an' i ntzeganqiztimg
30 anplifier 12 with a non-inverting input 13 and an inverting input

and a feedback capacitor C connected in parallel between the
non-inverting input 14 and the output of the anplifier 1-2- First and
second read values output fromthe integrating circuit 11 are stored in
first and second sanple/hold -circuits 16;17 respectively. Each sanpl e/ hold
circuit 16;17 has an input for a 35 control signal CTRL 1; CTRL2. A
conparator, preferably an operational 2 4 F E B 2005 6 anplifier 13 is
connected wi lﬁ?éfplﬂsf'lﬁhﬂlcewdwnh sifipld/holdt drawini 6 mieits inog-iiveputg 19 and
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cal cul ati on. AQhi 8QBr* 8y, GAR, Bdictelsi intenpteeel] bya dd]’ Lstd ng the hypot heti cal
val ue Voo- offset inacorrection circuit. Fig. 3b shows a variant

enbodi nent q% I qu °§ gf t {inseh 2antbieti khatdhe correction circuit 21 |
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Now fig. 4 illustrating a preferred embodiment of the invention shall be-

discussed. In this embodiment the sensing device 10 comprises an mteorator

circuit 11 (inside the dashed line) with an operational amplifier 12 having a

non-inverting input 13, an inverting input 14, an output 15, and a feedback

20 capacitor C1 connected between the output 15 and inverting input 14 of the

operational (integrating) amplifier 12. In parallel to the feedback capacitor

C1 there is provided a first switch SW1, which can be closed before sensing

starts. The first switch SW1 is able to switch between at least two states, an

open state and a closed state, of which the open state is shown.

25 The feedback capacitor C1 is initially shorted allowing the bit line BL to be
charged to the non-inverting input’s 13 potentiaf through the output stage of
operational amplifier 12. The bit line potential Vg will differ from a
switching level V, by the input offset Vg of the operational amplifier 12,
However, as long as the magnitude of the input offset voltage Vgre is small

30 compared to the total switching potential V; of a2 memory cell, it can be

neglected.

When the first switch SW1 opens, a small amount of charge will be injected
onto the bit line BL from the capacitor C1 and must be cancelled in a



open state and a closed state, of which the open state is shown. 25 The
feedback capacitor C1l is initially shorted allowing the bit line BL to be
charged to the non-inverting input's 13 potential through the out gui Fisk 2%
of operational anplifier 12. The bit line potential Vey, will differ from
a switching Level VS by the input offset Voffset of the operational
anplifier 12. However, as long as the magnitude of the input offset
voltage Voffset is small 30 conpared t@ the total swi tching potential Vs
of a menory cell, it can be neglected. Wien the first switch SW1 opens, a
smal | amount of charge will be injected onto the hit |line BL fromthe
capaci t or Ccomparhtomiss, whichdmceiheated to theooutppt 5 Bf 2ppmtggatnnaraibr 18,
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is the chaggeHareafidie tiachitine menory ceidtkd bt aedband&disahel fe:dbackhe f eedback

5 capacktance, Shice die. BOLSALLAL, S khachlit it 08B RARYISCRRL Y

const an g N eratl lifier
12, the tot détermapachy ﬁraccqaema]pop@amh ﬂm@pqrﬁh@n@@r@deﬁelnb% Fft‘é"é t he

observed si 9&% éaﬁxgg,l_ of 1fe Hﬁq{ﬁé BﬂeddBE nb"t‘ﬁff%l:ﬂﬂﬁ' ob¥By el siendlgeestt abl i shed

by j udi ci ous he val ue of ck i tor 10 The
out put 15 of @magmﬂ@@r%fttbﬁs may @gogge E‘glih?ﬂgﬂg)]{‘ CHMS & ngﬁ? Fat or
via a capaciievalee ofGRE Fespasdcagaditortdie sanpl e/ hold circuit 16. To prow de
an absolute reference a swwtch SW is connected between ground and the

out put  §i deT%\Mo% SE: %mgzmtéﬂat@i' defcuita lclémlcoﬁ'plcdatdﬁé&%h@m&atbf QM swi t ch
SWL, swtch ens

ter t he nsi_n e i r.at
starts. 15 V%aﬁ‘ﬁaﬁ?&é@f ‘e YOI IBR t%%%%’(q‘m&gfkécﬁ %CHSOleg g“or}i-’lt&ﬁzgdebased on
sequential ahabegued teferevtea ssiingl W is donnectsl betwethgmundenst thge sensi ng,
the integr A Qlou Sl c{ecgf%% tongVtrf'Sﬁe@ té%hﬁcen%%m%&éxﬁ FFAAGQlitcaut | eakage

currents an | 1 ne BL. |IIu§trated in
figure 4, aSMﬁl,rwm@wsmqom %f&ﬁirfééts%ﬁl’aétb\xééﬁl%tﬁémé?ﬁ ﬁmm&% FidtSt he

second capacitor C2 20 which operates as the sanple/hold circuit; 16 in
fig. 3a5 anit tshessibie imdevelppg selinpaiereatingorpentnobasgl omaeauentislrt h switch

SW connect ﬁﬂepﬁft‘ﬁﬁe& LY &d i:and Bher myeré BedenRHSingf 1ompdalcer 18 are
provi ded for tHis pose ? i and othe
circuit 11 prowdes a self-reference to cancel out leakage currents an r
common mode noise on the bit line BL. As 111ustrate,d in figure 4, a third
switch SW3 connected between the output 15 via the second capacitor C2
20 which operates as the sample/hold circuit' 16 in fig. 32, and the non-inverting
input of comparator 18, and a fourth switch SW4 connected between ground
and the inverting input of comparator 18 are provided for this purpose. The
upper side of the fourth switch SW#4 is via a third capacitor C3 which
operates as sample/hold circuit 17 in fig. 3a connected to the output 15.
During reset of the integrator circuit 11 comprising the operational amplifier
12, the first switch SW1, the second switch SW2, and the third and fourth
switches SW3 and SW4 are closed. The first switch SW1 opens to start
integration, followed by SW2 to latch the offset error introduced by opening
the first switch SW1. After the first time period, the third switch SW3 is
30 opened, isolating the first time period integration value {cf. the period
between time points t2 and t] in fig. 2) on the second capacitor C2. The
fourth switch SW4 is opened (possibly before the third switch SW3 opens) to
begin integration during the second time period. Any leakage currents will

>
wn

appear as common mode signals to the inputs of the comparator 18 and thus

LN ]
n

cancel out, leaving only the charge differential arising from a polarization
change. The periods of integration for the second and third capacitors C2 and



upper side of the fourth swtch SW is via a third capacitor C3 which
operates as sanple/hold circuit 17 in fig. 3a connected to the out?q,tF 005
25 During reset of the integrator circuit | 1 conprising the operatio
anplifier 12, the first swtch SW, the second switch SW2, and the third
and fourth swtches SWB and SW are closed. The first switch SW opens to
start integration, followed by SW2 to latch the offset error introduced by
opening the first switch SW1. After theg first tine period, the third
switch SWB is 30 opened, isolating the first tinme period integration value
(cf. the period between tinme points t2 and tl in fig. 2) on the second

capaci tor CZ% }g?y b];%'d{)ﬁst@ecﬁvﬁstrﬁées?é% vi® apasledt {mespiibtymaegios ot Hee t hird

switch SWB egifi integration during the second time period. Any
| eakage cur rmmgamwlllsappear as conmmon node signals to the i nputs of the
conparator 18 and thus 35 cancel out, |eaving only the c e differenti al
arising fronrheQdﬂﬁdfslsm@ts@&mecfmn@emfﬂmé“Géﬁﬁ%@:@c@ﬂfdlpﬁtt% ea SRS the

second and thi.rd f=-Acé dhakl R 0RX s cEBeduy sbeeatijtedt ed, as
necessary, to* Bétt§§| I s%ntt%psregélrﬁtee mar gl ns for the conparator 18. The

addressi ng schene for performn bitnyeyitdren usi ng
t he inventi ve&US&Es? iyt il dhe %%aﬁfwrﬁ E\ggo%,gggj?fm e stome d rt alda

During a reagostysclied imemed emmdmmp@tfeﬁtqta% S BERS \?\E)‘ﬁ‘ﬂmcﬁn\?ﬁh%l Y1 Hes are
control l'ed ip E'p%‘?er?‘?aﬁ?ﬁﬁé gﬂcﬂié& & @b@éd%@@m@édtsequﬂg:psteqmmneamﬂ@bﬁyd wor d

o o ok stelrwich P SeHY BCOngF HIERGE: 2 Pk Als

are
ei ther |atchgd, lgd@eﬁ{1mtﬁqmﬂ@ﬂt6ﬁqmﬁheé tedepod emand BleéléTeéE?E Eﬁong

pr edet erge g‘ab' t .10 ohsﬁguoéﬁﬁlltﬂcé ade gﬁrlsxa'adcé?{&tlﬂ 1R f dedinimy a

certain d?fOt?IPltéalf equerice conn&cted t.o Ci reui tr ses
the Chartres séchmmg:dmmﬁmériotm@mm’tt RS Sén‘i}mtrﬁﬁs Rk Pébgg%%erzﬁ%ng to

sai d bit |ings) ne y\@ng%@glqg ty@m’m@&o qfd bailthddyreosamhseeiive sags
per f or med dur i_-ng rea S afnedy @k &adst or ed
in the sanpl éfﬁélddag@freé?ﬁ S {;ned fpeﬁ% y c(%&;rp%l:td@\lééa f‘epi he conpar at of
t he senS| ng delicseobiBeicdesn ssakd odhs snplerac ldecdb@lﬁsh%‘}de RalY G&™H or

dwel | ay. T Ak At egealceon of the current sensed by nmeans
of the gen5| ng‘l:lg(e?/llp%%wo%g?%r rrec;IS d%rl ng the first of the two reads in a

read cycle t %tqgvte%{lr?apc?cén@geuuve reads there may be a time or dwell delay. The
result of an integration of the current sensed by means of the sensing device
performed during the first of the two reads in a read cycle to determine the
logic value of an addressed cell (1c determine whether the celi contains &

20 logic ”0” or a logic ”17), 13 stored in the first sample/hold circuit, The read is
zlways a desiructive read ending up in a "0” and the mermory cel] must
therefore be restored to its initial state (since a 737 or 2 70 always ends up in

a 0" because of the desm,cuve read). The dwell delay is inserted to allow
the material in the memon cell to rerurn to a relaxed condition. The second -

25 read is executed using an identical pulsing and sensing protacol as the one
used during the first read. The result of the second read is evaluated in the
same way as the frst read and stored in the second sample/hold cir cuit. The
values stored in the first and second sample/hold circuits are then transferred |
to the comparator for determining the state of the addressed cell. Since the

30 consecutive reads expose the bit lines to the same conditions in both cases,
the offset currents are almost cancelled. The use of the same sensing device,
typically the same integrating amplifier similarly, eliminates the concern over

matching of circuit parameters and commponent values.

The dual  read particularly addresses a wide number of potentizl

_ . . : '_ . ot et
35 problems in ferroeiectric memories with & polymer memory material. First,



" logic value of an addressed cell (to determ ne whether the cell contains a
20 logic "0" or alogic "1"), is stored in the first sanple/hold ci r@g&%’mﬁ
The read is always a destructive read ending up in a "0" and the
cell nmust therefore be restored to its initial state. (since a "1" or a
0" always ends up in a "0" because of the destructive read). The dwell
delay.is inserted to allow the material,in the nenory cell to returnto a
rel axed condition. The second 25 read |s9 execut ed using an identical
pul sing and sensing protocol as the one wused during the first read. The
result of the second read (s ev d o el@sc,tolmge werslty, r ead
and stored ihe ¢e@PEBEGHALRBRFSE %r%ﬁ'aggfl{rhgauﬁg‘?bl‘}lﬁ%g&vg?ﬁ ?1 @kyt he
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rel eased at raldtm&evalhewelsnﬁmdder@éc&rg@l% FnIETe Phis ‘Eﬁ%“ evice wi.ll still
di sti nqw sh 1h nﬁfn%hlewﬁh ncealbe taial char gzathi@tdase?dlcpae &7 1 TP e
period ‘s greater an that released in a 5 subsequent (equivalent) tine.
peri od. Therrszggityér.need for a-priori know edge of the level of fatigue to
properly sense the nenory cell valu Simlar f-tRéad t he.
absol ut e magmi amdhpmatlt\flﬁ@ﬂ@bﬁfﬁ@@nﬁ QFQ%FS’QHB?“D%?; lsdjo\%(galr?%v:‘“?rg?}f g?l me Per i od

i s reduced th{‘l% stalyf %rdc@diﬂgetheoemdnweyﬂeeﬂr@ digfrringhom hedefifeal ue
is still ord ed gai n, \U&'HDI"M ¢ehbt gafcbet 20. Teter ni ned
with the duaCPrl lyea WSP?\‘E}UP&W egﬂgef o#th}% npr i nt egs%‘t Hﬁ'&wé } @R
“alternatd ve @naigmg device of t‘ctdnewtmﬁéffﬁ ierFBFFPWsthﬁosgg?ebﬁnéj a pre-read
cycle i medi atgly {ﬁfﬁdgmasta@%s Emskzutmmya:t@saqdemmérqmb%frhm%afthﬁe latter

in only one T ed the act 151 el §O;ﬂ@§po$1blwfeh3ed at
all. The 15 @@Iﬁslf Q’ed‘élﬁréﬁ ?Fteﬂuré%’f vaér\ég ?e |sel y 1 be M]él me
during the re

sl ot rel ativeldsely feethe parasitic m_rrt:nt contributions cap

including contributions from the active cell. The Qet°cted charge from the

he read
cycle is stored and subtracted from that recorde d during ther

20 pre-read
: non-switching

g or
cycle, yielding the desired net charge Irom the swnchln 0

transient in the active memory cell.



bit line voltage shifts as is the case in the subsequent read cycle. Thus,
the cumulative charge detected during the pre-read cycle shall correspond
very closely to 'the parasitic current contributions captured dugi4nifb 15
read cycle., including contributions fromthe active cell. The detected-
charge fromthe ?0 pre-read cycle is stored and subtracted fromthat
recorded during the read cycle, yielding the desired net charge fromthe
switching or non-switching transient inlfhe active nenory cell. 2 4 FEB
2005 10 PATENT CLAIMS |I. A sensing device (10) for reading data stored in a
passive matrix _menory conprising nmenory cells in the formof ferroelectric
capacitors, PR ChALM ensi ng device (10) senses a current response
corresponding to 5 the data, typically a binary one or a binary zero, and
performs an ilnt eghatenoing devicevdl ¢)efad reading datacharegciner paedvé matttiat t he

sensi ng devi ) 1 } e Gl 1L e ing the
R N N b e b ﬁ%f%??%%%é of tbiraglel et et o
consecutive PESFEIDSplbEEnspdeficaiilhsansena carerbrrspovss pelreg@ming\tsensi ng
device (10) docdatd] igidaliycd Bidart oneRanasher zesl aid ?&%nh@%n'iﬂic%%@ér?r
circuit (1) ﬁg@rge %\r‘} operational anplifier (12) and a capacitor (d)
connect ed bet'nedh T&H AVERt i ng input (14) of the operational anmplifier
(12) and t hecharepisrized sy thatehestnsidg daveen(dDhgomerisexaf IMfegeatonedtoy t o
claim?2, 15 r i:zech i j reqGd ! | a switch
(SW1) conn'g(}? efgszéﬁliéﬁg? glllél glllltrg@gel}ets es’cgéxggfg?%rgr(1%&32?8%?8:?&%1?2%?9”9

devi ce (10) SCEBRUNEGVPSOBFEHYHVE Teaf yatiosepiy ol wWhich Had refescnasaraiue.

(16,17,18) for two consecutive reads conprises a first sanple/hold circuit
(16) f otV sanpl i nghseosingglexidd (1) aceending® ¢laimed, a second sanpl e/ hol d

circuit (17)chfbctesRl imeh 3t iNegmmtSLEPaH: {ﬁ%mg%éﬁgndeggﬁgaﬁggp?rlg ‘i’;)

circuit (18)_copnpec to, the out of the
for deterni n?lﬂﬁﬂﬁﬁét( Eﬂaﬁ”éi %Fa%??l%?(%gtzgﬁﬂmcﬁ%‘ig? C& 40 1nyerang dyitng devi ce
(10) accor di (ig)tod the aperationabamipdifiee { £2) aelthieroutpat (1tShehsampl e/ hol d
circuits (16;17) conprise capacitors

3. A sensing device (10) according to claim 2,

15 characterized in that the integrator circuit comprises a switch (SW1)
connected in parallel gver the capacitor (C1).

4. . A sensing device (10) according to claim 1,

characterized in that the means (16,17,18) for two consecut'ive reads

comprises a first sample/hold circuit (16) for sampling/ étoring a first read
20 value, a second sample/hold circuit (17) for sampling/storing a second read

value, and a comparator circuit (18) connected to the outputs of the

sample/hold circuits (16;17) for determining the state of an addressed

memory cell.

5. A sensing device (10) according to ¢laim 4,
25 characterized in that the sample/hold circuits (16;17) comprise capacitors
(C2;Cy). '

6. A sensing device (10) according fo claim 4,
characterized in that the comparator circuit (18) is an operational amplifier.

7. A sensing device (10) according to claim 4
30 characterized in that a correction circuit (21) is connected between the
second sample/hold circuit (17) and the output (15) of the integrator circuit

(11).



(C2;C3) 6. A sensing device (10) according to claim4, 'characterized in
that the conparator circuit (IS) is an operational anplifier. 7. A sensing
device (10) according to claim4 30 characterized in that a correct,i
circuit (21) is connected between the second sanple/hold circuit ?f%%ﬁaw
the output (15) of the integrator circuit (11). 2 4 F E B 2005 11 S. A
read nmethod for use wth the sensing device according to claiml1l, wherein
t he sensing device are used for reading data stored in a passive matrix
menory with word and bit lines and conprising nenory cells in the fonn of
ferroelectric capacitors at crossings between the word and bit lines, 5
wherein the SSenS'ﬁﬂgeﬂex\ﬂe@iﬁadﬁmrSm @itk tne eetsinedponseccordiagpordiylt o t he

data stored in a c t r zero, and
per for ms. an WHESHH T BHsGre FEda 0k G " Brerine e Rt “?ré‘?ﬁﬁ@f% (i ses
control | i ng miehemeatori ovipbtverdi aaldsbipHinas RIGPE PAHEN HIICTRPREEE ?5

latching ward., l ' «%%ﬁ&!}hc? ?a&?m@%t%["éés%c% weleehqHe asm?ﬂgirﬁlr@d@iﬂeﬁ m ned
word |ine 8 S an atchin |7 nes to potential ted

5 Sgl
anmong pDedet\ehfmenedlebsetnSm&é%’@F éﬁ‘f‘%eélascur\’nﬂgrl@??lorﬁle YT GrRe etg cycl e
are connectgd, kRyrbg, 26RSHREy deN! @@m‘ad)lly "semsm/gora: chaibgeerfy| zswh nepdet ween a

| ected bit | d th d
word 11 ne. RETVR B N 7Sk eHel ¥O" & Gy Bored RorEnttal 1o

initializingdreilieadhe ectyicipetentizdy antab\r\wa@?darb%/bﬁém%rlwﬁéﬂ EiRgne
consecutive [g odﬁeé’go?e&gﬁ?w Genkials ée'l‘é&ﬁlcﬂ atiog gaebiereadowrddine
erio

predet erm ned’t res ectl vel é’% ? {ﬁdrst apd a second
read vallue, materiialg asdi d r eddicpang By hr’&%rﬁ‘} f“’ﬁ“élat ﬁée]éa‘f H'Pead val ues, and
det er mi ni ng & -hegkmdhed 8l tllﬁleﬂp@tﬁﬁdelml whardiheit 1126 seaseatl eydedgec 9- A read

- met hod accor d| ngé%:ef)mcltg\e Sé’é‘ém% haract gyl %%leaya EfY: §@%H% FetWe¥g el ay

bet ween two SAnNn a rea
selected bit line and a memory cell at the crossing of the former and a word

line activated by being laiched 1o a selected potential for mutializing the read
15 cycle,

characterized by performing two consecutive-reads of 2 memory cell,

integrating each read over a predetermined time period respectively to

generate a first and a second read value, storing said read values, comparing

the stored read values, and determining a logical value dependent on the

20 sensed charge.

9. A read method according to claim §,
. characterized by introducing a time delay between two consecutive readsin a

read cycle.



