24 AUG 2005 | Non-destructive readout The present invention concerns a

met hod for determning a logic state of selected nenory cells provAUdeQR005 a
passi ve matri x-addressabl e data storage device containing word and bit

|l i nes, wherein a specific logic state is 5 assigned a uni que |ogical value
according to a predeterm ned protocol, wherein said cells store data in the
formof an electrical polarization state in capacitor-like structures
conpri si ng aNpol-destralktieenmetadondl , particularly a ferroelectric or electret
materi al capabl e of exhibiting hysteresis, wherein said polarizable
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20 states of said cells, wherein said logic state is determined by detecting
components in said current response from said selected cell, wherein the
components of the current response are temporarily correlated with said
small-signal probing voltage or réfer_encihg signals derived from same, and
~ wherein a decision on a logic state of a selected cell is performed on the
25 basis of a cdmparison.of said current response with a set of predefined

criteria.
The present invention also relates to apparatuses for performing the method.

During recent years, data storage has been demonstrated in.electrically
polarizable media consisting of thin films. Of particular interest in the

30 present context are electrets, and ceramic or polymeric ferroelectrics, where
the logic state of an individual memory cell is represented by the polarization
direction of the thin film in that cell. In the case of ferroeléctrics, data are
written into the memory cells by polarizing the film in the desired direction
through the application of an appropriately directed electrical field exceeding

35 the coercive field of the ferroelectric. A major advantage of such materials is



35 the coercive field of the ferroelectric. A major advantage of such
materials is 24 AUG 2005 2 that they retain their polarization w 24H8uG 2008
continuous supply of electrical energy, i.e. the data storage is

non-vol atile. Two main classes of nenory devices have been denonstrated,
with fundanentally different device architectures 5 In the first class of
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Thus, cells by applying to the material in each cell in question an electrical field of

sufficient magnitude to overcome the hysteresis effect and align the electrical

20 polarization in the cell in the direction of the applied field. If the material
already was polarized in that direction prior to application of the field, no
polarization reversal takes place and only a small transient current flows
through the cell. If, however, the material was polarized in the opposite
direction, polarization reversal takes place, causing a much larger transient

25 current to flow through the cell. Thus, reading the logic state in an individual
memory cell, i.e. determining the direction of the electrical polarization in
the cell, is achieved by application of a voltage of magnitude sufficient to
exceed the coercive field in the ferroelectric, and detection of the resulting

current.

30 Compared to active matrix—based devices, the.passive matrix—based ones can
be made with much higher memory cell density, and the memory matrix itself
is much less complex. However, the readout process according to prior art is
destructive, involving loss of the data content in the cell that is read. Thus,
data that are read must be written back into the memory device if further



data that are read nust be witten back into the nmenory device if further 24
AUG 2005 3 storage of those data is desired. A nore serious conseatca003
the polarization switching is fatigue, i.e. a gradual |oss of sw tchable
pol ari zation which typically is acconpanﬁed by a need for higher applied
voltage to the cell to effect the polarization reversal. Fatigue limts the
nunber of read 5 cycles that can be sustained by a given nenpry cell and
thus the rarfgerage ofhense datad vndesired. @R eneoPIIqUs ¢ QEEYIEBCE 06 response
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explicitly dﬁz endent on_the %Et er}&?% 25 used in the el ectrodes and the

adj oi ni ng f EIFBEFREY P ORCH Ht%: i nvol ves probi ng of the space
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across the cell durmg read-out exceeding the coercive field in the

20 ferroelectric, the direction of the spontaneous polarizatidn in the capacitor
and thus the logic state of the m.efnory-ceil is determined. However, there are
certain very specific premises for applying the methods and apparatus as
described by Brennan, invoking phenomena based on space charge
accumulation at the electrodes which is explicitly dependent on the materials

25 used in the electrodes and the adjoining ferroelectric. Readout of data
involves probing of the space charge, which must be performed on time
scales that are compatible with such charge accumulation. Furthermore,
Brennan's patents contain no teachings on how the small-signal and biasing
voltages shall be timed and correlated in relation to each other which is of

30 paramount importance for implementation in practical devices. Neither are
there any teachings on how the memory cells in question can be arranged and
addressed in large arrays that allow efficient and reliable read and write

operations.

In international patent application No. PCT/NO01/00472 which is assigned to
the present app]icant, a set of non-destructive readout techniques and
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In international patent application No. PCT/NOO /00472 which is assigned to
35 the present applicant, a set of non-destructive readout techni QeavuGris24
AUG 2005 4 associ ated apparatus are di scergsed and di scussed in conjunction
with ferroelectric thin-filmcapacitor nénory devices. Readout is effected
by subjecting the nenory cells to a conbination of tinme-dependent voltages,
eliciting a_snmal.l-sjgnal curreni. res%)(gnﬁg with |inear and non-ljinear 5

|
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i nventi®mn t echurys dee altimiRyy esatABGrmRithods for non-destructive readout of
the logic state of selected nenory cells that 20 are addressed via a passive

matrix arra . I . i.di r ypt:| . .
measur ement Segy e with Bidhalih GOel olft i RER AR A HIb LR 08

capaci ti ve oeupbiyngsgls pravhéedrit passivesnatoehaddrasitileveemooy striuagsesi | | be
mani fest in Lid veqni gk-u i: I fromthe
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of el ect rode_bcandald:}épblwi;mbﬂ@mﬁi?ﬁgl cahlgibétemdatyet'trcglsj e.gn ﬁemeﬂmﬂrmx. It is
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and provi de speci fi ¢ eXanpl es of apparatuses for inplenenting e strategies
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i nvention t&é%gkﬁy%omgﬂg ﬁ‘llelﬂé,aglgu%ati gue-free read-out from nmenory

devi ces, w thout any or wite-back after each read operation. The
above ob] ech$:a8 4or ofect OF e presat Hvent Ao e iad W aediss A58 &R
for non-destructive readout of the logic state of selected memory cells that
20 ° are addressed via a passive matrix arrangement, while at the same time
avoiding corruption of the measurements by parasitic signal contributions
due to particularly capacitive couplings in the matrix, as such capacitive
couplings will be manifest in, e.g. capdéitive pick-up of signals (charges)
from the non-addressed cells in the matrix, or capacitive pick-up from the
25 network of electrodes and cells surrounding the selected cells in the matrix.

It is a further object of the present invention to describe generic procedures
and provide specific examples of apparatuses for implementing the strategies
and methods referred above.

It is yet a further object of the present invention to achieve essentially
30 fatigue-free read-out from memory devices, without any need for write-back
after each read operation.

The above objects as well as further features and advantages are realized
with a method according to the invention, which is characterized by applying
time-dependent potentials on selected word and bit lines or groups of word



with a nethod according to the invention, which is characterized by applying
ti me-dependent potentials on selected word and bit |ines or groupz AUGR00%
24 AUG 2005 5 and bit lines, said time-dependent potentials being nutually
coordinated in nagnitude and tine such that the resulting voltages across
all or some of the non-addressed cells at the crossing points between
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controlling the potentials on inactive bit lines by electrically latching the

same via switches and wiring to the potential on an active word line.

In the method according to the invention it is considered advantageous
employing an active electronic circuit connected to each active bit line which

25 maintains the potential on an active bit line at a predefined value, and it 1s
then preferable selecting said predefined value as a system ground potential.
Also it is then preferred that all bit lines are active bit lines. Further in that
connection it is preferable providing a multiplexer or péssgate bank to
connect one active bit line at a time to an active elect'ronic'circuit which

30 maintains the potential on said one active bit line at the predefined value; or
alternatively preferable providing a multiplexer or passgate bank to connect a
selected set of active bit lines at a time to a set of active electronic circuits
which maintain the potential on the active bit lines at the predefined value.
Also in that connection it is preferred that the active electronic circuit shall

35 provide information on the charge or current flowing into an active bit line.



whi ch maintain the potential on the active bit lines at the predefined
value. Also in that connection it is preferred that the active el4AUGAAE
circuit shall 35 provide informati on on téhe charge or current flowing into
an active bit line. 24 AUG 2005 In the nethod according to the invention it
i s considered advantageous |atching inactive word |ines and/or inactive bit
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signal being derived from a probing voltage conponent and one froma

bi asi vol .t age component,.of a | tage, applied,.across said sel ected nor
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20 performing the analysis with a reference signal derived from the probing
voliage component of the voltage applied across said selected memory cells;
or alternatively performing the analysis with a reference signal derived from
a biasing voltage component of a voltage applied across said selected
memory cells; or performing the analysis with dual reference signals, one

25 reference signal being'deriv.ed from a probing voltage component and one
from a biasing voltage component of a voltage applied across said selected
memory cells; or performing the analysis of the current response using
dominant frequency components of at least one of the fdllowing, viz. the
fundamental or higher harmonics (2™, 3...) of a probing voltage in the case

30 where said probing voltage contains a single dominant frequency, or.the
fundamental or higher harmonics (2“d,-3rd...) of one or more components of
said probing voltage, where said components contain two or more separate
dominant frequencies, or sum or difference frequencies generated by adding

and/or subtracting said two or more dominant frequencies.



dom nant frequencies, or sumor difference frequencies generated by addi ng
and/ or subtracting said two or nore dom nant frequencies. 7 24 AU R0QR00%e
above objects as well as further features/ and advantages are also realized
with a first apparatus for perform ng the nethod of the invention, the
apparatus being characterized in conprising respective sense anplifier

circuits prDié dedvé @'b_] €ac s hiéll las Taraed fepmnes hed a@h@h@é@,etsmrerads@lr@mﬁéﬁ to 5
e

virtual groun r ectlve b ock-in anp i fier con with the output of
each sense V&Hglq ?F%‘ argtysifor et CPfé‘?f‘lnrggt srefRd Fﬁ?e gl‘feé‘ft}é}rbﬁgé si gnal and

an output dpparatuserdepichatanetized igeobipesinbirasp U@th‘l"cﬁ@@n@ ?mml source
havi ng an Qut put conB ét ed vml_tég t he referenceé‘?rq{3 i.nput of.the | ock-in
f

anpl i fier HEHUEYBRAVALRG far pa¢lepndace sngrannen rewfhewx%awraaw.ne

driver SCOHRQﬁth%@ iL@ur\M téhe’sk@@%% 19eknﬁtarﬂf§hﬁ@? c6AABE AW RIhag eVl E@g%fand
si gnal source sal ve word line driver having an output cohnected with

a mul tipl e%@tchf%rflse@ﬂ@é 1IEheiranitagnil i@ vis an|inpet @maméfeﬁsnwéxg @nd an

connect abl & AbuP A& @Peiadziut stigﬁamr&rhbﬁ%a blagld/oqttarg%Sa%gﬁs ?n%@@ﬁuf&é)ﬂéﬂ% at
the other end of the word nes for cla ng a I nact | lines o

ground, wheéle®yIPUhEOAPRStedt Wih ths rghr@me éb&ﬂaﬁllléPUF ehdloetod-1mam
cell's on a%?g}rwﬁh G elrl ce‘éhgnﬁb@;\é?etﬁblaﬁ% dw%sw%él hln%sqrflb'éﬁ 88§né&é&“res

and advant ages are so realized Second apparatus for performng the
met hod0 acco¥idhgotleert ortput 0¥ éhe |Cmemhé ba@fpa@btﬂgg apdi rignahsewrseepiided in

conpri si ng 2l bR ﬁ)ﬁ@rdrl gt hhg%nta%ut%ﬂ? c%ﬁﬂe@ﬂcedt ?thb# td1kipESx laﬁo'}ense

arrpl ifier circuit connecte bit T1'ne mu exer an anped to
virtual groeahtting awektive vaons Jine end ongaroeuiad @@nmehéabl@t Pueneoenditd sense

anplifier gl Hﬁ‘ﬂé’s hé‘ﬁ{d Qg:a%gfgh{%%'énk f;%w@e&%ﬁ%@%‘iﬁ LGR tH@q?'@rQi out put

for a readout signa |'exer provi ng the selection of
an active Binesiforel ar@pmgaaouactlae w@bhln@ﬁjtq:)gwmdnwbg@ban@esa;gmawource

havi ngs an autus pEOAESLETh Y Pt B ELAL 8% 3ba0ldapliheof the lock-in
I er Vi

anpl i or pr Ing a reference si ereto, an active word line
driver connected with another output of . the c ed bias vol tage

si gnal sourld¥ 2Raygohiects as Welhas fwehar f‘?ﬁél“resha&ﬁ)ﬂév%ﬁi‘?agﬁfs 19t ag&]?@i‘t@é with
a mul tipl exgith faogec@ﬁH%ptpaagu@rfoa@telrf/&nvmgdheIm@@xo@n@bdwdmg 13 fhld ded

connect abl e at one e wrd Lines, .a first 30 S nk provided
T of haRVSHaOo AP B WS HrBE HETSGERET Hy CRMPX SRR VS RIIET | nes to

ground, a seaabdtedadsgnt endafkhoboviides] 2£3§Jé’tf$%0atrﬁbhﬁertc¢rddiec@1ﬁrﬁ*@¢teefwhtbf t he
bit | b(sles fl'% bcl:tI PHPI nl?ltl%l tlexérnfnc !:ffa%é’é& to Mir Salté)ro%nd adlock in amplifier
connectéd with the output of the sense amphﬁer circuit and having an input
for a reference signal and an output for a readout signal, said bit line
multiplexer providing the selection of an active bit line for readout, a
combined bias voltage -and signal source having-an output connected with the
25 reference signal input of the lock-in amplifier for providing a reference
signal thereto, an active word line driver connected with another output of
the combined bias voltage and signal source, said active word line driver
having an output connected with a multiplexer for selecting an active word
line and being provided connectable at one end of the word lines, a first
30 passgdte bank provided at the other end of the word lines for clamping all
inactive word lines to ground, a second passgate bank provided connectable
to the other end of the bit lines for clamping all inactive bit lines to ground,
and whereby all memory cells on an active word line can be addressed in
parallel combined with a sequential readout of the sense amplifier circuit

35 according to a suitable timing protocol.



and whereby all nmenory cells on an active word |line can be addressed in
paral |l el conmbined with a sequential readout of the sense anplifie24 AUG005
35 according to a suitable timng protocal. 8 24 AUG 2005 The present
invention will becone nore readily apparent fromthe following detailed

di scussi on of preferred enbodi ments of the invention with reference to the

acconpanyi ﬁnhapmmsnﬁexg%@suulo&emh@Iﬂnaﬂeq.eaaﬂ?fupp@r@ntgﬁaﬁ{ e FYISSWRIRST S
curve for a neaory.naterlal of fthe 5 gerroel ecglc type, fig. 2 E{l{e
el ectrode &FaHgEMEMUSSHMBRBFSIeRadenasdiments’ the ByanEssi Wh TsikANES f or
instance a thetheQRIcOifdr i NE MRA WML H oW dsh of ehiehesent invention, fig. 3 a
typi cal small-signal ‘current respons€ behaviour of e.g. a ferroelectric
menory cel lg, Eliohf gg 4a_an g\xa le of a rfeadout vol taqqe Qﬁt% rn as obtai ned
with the netboli PRYSH BFRG ™ HYSHECHS C¥EHE TPhe deTORY TatGrieahBT fie potenti al
patterfs cdieraspendicypeo the readout voltage pattern, fig. 5 the principle
of a first enbodi nent of the nethod according to the invention, 15 fig. 6 a

vari ant of e5 eyhodi i.0 fi o et r.Mari : .
bbodi ment 18- 71 e AeffBle oPrafddmey ihfembr I Fos 8L i Lo0l Bring, o
used with tsuehprsegnnstanaeenfaroogletirts memadry yreidnwithl eeqireacsteinoymedtion,
enbodi nent of the nmethod 20 according to the invention, fig. 10 the

structure dhgasfirsi tﬁﬁ@ﬂ@ﬁh‘ﬁ-sﬁ%ﬁﬂréﬂr‘i‘@ntﬁ_‘ésbbﬁsé BYR&N R ofo:r.g. perform ng

t he secondfrrbq%ﬁil ment” of the nethod according to the invention, and fig. 11
the struct JEEQSACHTISIBERPIEFSAsat us for perforning the second 25 enbodi ment
of the nmethod according to the invention. Before the invention is described

in gréater filpt4d bn exaenendratediavk yodiand paftterh g gbtesedt withvibetinethoghal |
briefly be di scussed Fig. 1 shows a typical hysteresis curve

: 24 Al 200
for a ferrS&C8E Wgctor@Fé}rFé?n}{G\ﬁvFHgPHe two stable polarization states in

zero external field indicated by the assidgned
fig. 4b the potential patterns corresponding to the readout voltage pattern,

fig. 5 the principle of a first embodiment of the method
according to the invention,

15 fig. 6 a variant of the embodiment in fig. 5,
fig..7 another variant of the embodiment in fig. = S,

fig. 8 an example of a sense amplifier circuit as used with the present

invention,

fig. 9 the principle of a second embodiment of the method
20 according to the invention,

fig. 10 the structure of a first apparatus according to the invention for
performing the second embodiment of the method according to the invention,
and

fig. 11 the structure of a-second apparatus for performing the second
25 embodiment of the method according to the invention.

Before the invention is described in greater detail, the general background of
the present invention shall briefly be discussed.



logic states "0" and "1", respectively. The hysteresis curve gives the

el ectric polarization | n mcrofarad/cm versus 5 the electric potZhAUGI200%
volt. In fig. | positive polarization is%aken to represent a logic "0",
whil e negative polarization is taken to represent a logic "I". Further V.
denotes the coercive voltage, PR gives the remanent polarization, while P
i s the difFégehshopstavmictheydpeasty Farysofarra semrpelsctic seatarial,i withvbet age

and re”anef\%g[)%%‘t?iwﬁﬂrah%tlgg stfﬂe?%lz%ro exter:hg @f‘en@Eﬁ&lctaF@d Egttf}% a%ﬂgs'ﬁggmhen

the pol arizatio . rsed
t he nmenorylagiristates SW tatied] 1, rr@ﬁpactlmgliyc "0" to alogic "1", as may take
pl ace in a destructive readout. of a nmenory ceII Fig. 2 shows the el ectrode

arr angenen?he%ﬁ@éﬁé@ﬁl dfured lwe@hweléttﬁc ;ﬂ%ﬁké{ﬁoﬁ% thitr 886 8ATAP Ersus
ferroel ectric frenpry iumitsel f 15 i.e. the ferroelectric

mat erial , e %%Vl@@@teahdwmcm@ Be BedrPeLtpepolsidrstion 1 fakan tow of
paral | el elggbioges) 6%1:-‘*0*- wﬂl% Hegamé' 6%£At1&l fsl%'l&ﬂ% &B@es%ntsa% 9 row

of paralle] “el ectrodes - ori ent ed or t h 0g ona y to the'first s

el ect r odes bndF‘#féhﬁfe&'c\ﬁéfﬁthW:Satheeql‘e@tciYﬁjé@ltaghus R ogi¥ehdheremananyonal

el ectrode matrix. On applying a voltage to respectively horizontal and 20
vertical epelerizadies, Wﬂblﬁmr& 1g ¢he sifeeeneerhaimegnadhetedectryy ossi ngs or the

Cr 0SSi ngs 615&{}% §1 eﬁt%quﬁldmvpnﬁggﬁ%ﬂ'fé agép EYd tgon gogigﬁ@yﬁ Wil be

specific h rlzont speci vertica

f or 8@ acrdsmottehéhnéﬁmd y:haagb Olfrthqlpeﬂalllbﬁtlalmdvhfm uus Ipiolmbtwsnrea/ms@ @stric
pol ari zat i &t har R i h§eapand] 5
Potoeet el ¥ Bl B8k b Ren BRS LU KE b NI0LIKRH Bl BI6EROTC 00 1b8ic
predet er m nbd a]@rmtaacteke ipha ¢ehin prdesem:twn\remdwinof aendroous csHal | be
particularly directed towards certain specific non-destructive readout

schemes ofFidhe §yPWS thekeddirstid ﬁlrrfahgemeht a5 cahimbaM emplophdwath and
consi dered rel evant .in nnect.i o the 30 pre ent i nventi o&pﬁg&%}gl ly,

readout t akeSIY BTy ¢HIESEAN1A GEW@ %Cﬁﬁlclme@ioéﬁa DE JBHHREY Tf

cel | 1isn questihenfekfyeQuanid Ratanpl iie %ﬂ@e@fsaﬂd\aﬁﬂﬁéd b%t\gélé\rh rédp”ét'tl\’(/%ﬂ Iang
test vol ta e acrosiﬁt he sel ecte uestl on time

provi di ng rsédﬁé‘f P éé%léFlb‘?lﬁgtfﬂ?gF% Xéle WH‘n éergqlq)c\i,\,bprlzppﬁag f‘ﬁaﬁsﬁrag%ﬁn 'Ran

that of thecomllovwogprkaligstle¥abdaesl, [Be |c9@d:rﬁe§to%t1@o géna3by getied alrbty
reveal ed 2{%&? r di n the dep engence of the reco %ﬁsmal I -s al 24 AUG

2005 10 r CE&SB et pad fpERed olertagh. elepEofss tt [pRe Ehed o8P ar y

accor di ng dlectrode matrix. On applying a voltage to respectively horizontal and

20 vertical electrodes, = memory cells are ‘affected at the
crossings or the crossings of the electrodes in the matrix. On applying a
voltage to a specific horizontal and a specific vertical electrode, a potential
will be formed across the memory cell in question and it will obtain an
electric polarization of either the positive or 'negative kind corresponding to

25 respectively a logic “0” and logic “17, as applicable or according to a
predetermined protocol

In the present invention the focus shall be particularly directed towards
certain specific non-destructive readout schemés of the types referred in the
prior art reviewed above, and considered relevant in connection with the

30 present invention. Typically, readout takes place by measuring the small-
signal response of the memory cell in question through the application of a
small-signal time-varying test voltage across the selected cell in question,
while at the same time providing a superimposed bias voltage with a slower
time variation than that of the small-signal test voltage. The logic state is

35 generally revealed by recording the dependernce of the recorded small-signal



a predefined schedule, e.g. being swtched between tw val ues of the sane or
opposing polarities, or being periodically nodul ated between two ZAYE12805
val ues. The small -signal response. my sz e.g. the nmenory cell capacitance
5 at the frequency of the small-signal test voltage, or it may be the
anplitude or phase of a higher harnonic response signal. In keeping with
common usage _and W t

h rtgf eDr.ence to f+Q. % t he fbol l,owi n nomencl a -uret shal |
apply in tRESPSPHWPAR BEiBIE YalaRs nh A dREN DT P dae ety e g
| i nes, I and z@;édﬂ&hg?bﬂ@dd@dﬁ%g%eﬁg ili«hchémestw;?dfms\epnmm syo%lﬂle:@ddms drhat
are selecte or. Writin r eadi.ng, erasi or _r eshing are ter
Serected. corpediphindibfiflss, G0 RE el aR Ly H b FaleT R O e ERIEMAL ¢ na
COBBeCt'S tovainisorrrl-rmmgalﬂeﬁi%@ﬁleﬁé_speﬂml;srnitaﬁ ttbearmgdtm?nafidry&e\hbcra:pddimacel o
abbr evi at ed: and ' i ne onnec 0 one, or re ,sel ecte
Car s BL et afvans Thoudi of Smal ey s Pl fRRE S Bty P kBB By 6
and bit |inghBk ¢hahigeernnirmumioeespdmeanynslel ected cells is ternmed an '
inactive word line (IW) and inactive bit line (IBL), respectively. A

fundament a"InalQQeﬂiﬁg%ﬁh’E%ngrpBH'xﬁggE %nﬁtw{th'}%fe{eﬁégit{i‘%g% tfiE #51189,:8F data
in passive nmatri'x-addressabl'e nmentGry arrays is the Iarge’ nunber of =~

el ectrical nomekelgesronitall applyanrtéevotlevofigel s tdeodéis garmtizatal glesttddesi n
the matrix.uA0,Ihiis.q BRA '&%ﬁt\!‘é}ﬁcgf eRclQldbegsy e b?} ﬁﬁEs.thSElétx%%Hc}’rgcr 0SsI ng
word and bit Tines 1n order to address a given_ cell "or group of cells in
the mafrix oRdls diat mre selegtad farnwritiags ecang aekhsens edrefaksingrreiermedri x to
be subj ect 065.:1.that i St I ogi ' uch

non- addresgsgéé@ggfggﬁlﬁhg%égn{ﬁ?irggfgred%&egtéﬁ%gfk%ﬂ%rgegoﬁﬁﬁﬁwgﬁhggt t he
response t hnnestyrizasne od niowmel éeie@Seldds ¢ered enlacsiveThprd hag. be

il lustrated,w : r T Qs 13 t [ [ to
read the | ggﬁ%}%lgfé&ﬁ%égﬁg%%} léle ﬁiﬁfﬁg{? Ctsﬂgé%tsépla&élg &b%lt%\ﬁggéhle'zcﬁ%d active
word |ine Aallsaisdermedaotdorevephit linen@AAB). Carrespondngly, a aordHovh Wiassunme
furth th I €; s r | L9 ; t ] mes dent
Vol tage o e R B P R P L 48 onee.
Si nce nmeasu¥erfehng (AW perd oraseiyehia le6rABEDi sespecbvehe active word and bit
lines AW.; ABL at the edges of the matrix, potentials inposed on those lines
are al so fehtfuatiatneatalendddnessgoroblens igaturess i regding hhdseasihg vddatdhus,

dopendi g OB Aie LRl BB on, Ol BoLentl gl a0 LEREdaICESica
non- addr esdeatkapels|withhy ttedtethvork e efeasodedanéspansey telsmid biee addriassed
cell 3o Thid, i ORLATLERR 1% 16AGRL Yo AXE0RM:SAASHy DY B8NS, Kbk echihs  he
in order to address a given cell or group of cells in the matrix may at the
same time cause non-addressed cells in the matrix to be subjected to voltages
that may disturb their logic states, or such non-addressed cells may contribute
electrical charges which corrupt the response that is measured from the
25 addressed cells. This may be illustrated with reference to fig. 2. Assumee.g.
that it is desired to read the logic state of the memory cell 1 at the overlap
between the active word line AWL and the active bit line-ABL in the matrix
as shown. Assume further that readout is to be performed by application of a
time-dependent voltage to the cell 1 and measurement of the resulting current
30 response. Since measurements are performed via connections to the active
word and bit lines AWL;ABL at the edges of the matrix, potentials imposed
on those lines are also felt at the non-addressed cells connecting to those
lines. Thus, depending on the overall distribution ofpotentials and
impedances throughout the matrix, parasitic signals from a large number of
35 non-addressed cells may add to the measured response from the addressed
cell 1. This problem can be readily acknowledged by persons skilled in the



24 AUG 2005 el ectronic art, considering that practical devices shall involve
matrices with hundreds or thousands of word and bit |ines. PassiAUGi200%
addressing is unique in conbining high mgnory cell density wth '
architectural sinplicity and flexibility. To the inventors' know edge, 5
however, there does not exist any relevant prior art that solves the problem

of parasitdjecHbgnahs, anﬁ@%ﬁin‘gethH@PEédﬁ@ﬂQTeQﬁé;@sbéf?alWl%e%éﬁirf&% Wil oyi ng
non-destructiv readogtougq(r:nh%fngfts f th

0 e types taught by Brennan in the
patents refBEEaKEV Word\asd BIAUESS i n the above- menti oned

international patent application No. PCT/NO01/00472, also referred above, 10 -
or gf si m IEarsss’;@dnmmFix eﬁh:?bssing-idelslﬁqmmgm \zerrrnkgadxglhigsmhmh g?stlaﬂ Ideneigyi n of
academc interest.only, jf. they. canno ..combi-n Wth realjsti n

o iaent nushatsh Eatiral St kAR e Bi8 o BB Thhenioe®) kiovieon, (e
presents i nienkbogr, ithefRadddsCaiboeti¥t af@rolesdnt priddriait ﬂ@dtis@ﬁv@s’itkf’eﬁ%)iébleﬁi gnal

contributions such .as caused by 15 capacitive couplings, it sha be
under st ood Rar{éflt}%“&nﬁ&s@i P/aeSSIY%fQ'théxa%cgdréé Fdn JEYIRASRMBIPXARECh t he

net hod accoi¢hi-dgstractibe readvienidhemdssof hebpapRhb gt beByenhadygthye or

radi ative Coa\ligﬁlll nr%g rragé@g presg%, causin |,ndﬁcta:]?ve or radiative pick-up
from the netaheRie 15FCITE VEdBE Oande &EPG LUK 1BIRAIARG VENBCEBPBERed cel I's in
the matrix.inféyng:iday] petem®R@plieatdbhINOEPETFNOWED0aTe, RRdSIdeFredidhivel he
menor e “regard s a network o acitive, |ndrct| ve and

t ) d ¢ of
resi sﬁpL"Z Qré?ﬁ?@?armes-%U;sgmra-éiﬁswﬁﬁyeaﬁggggt srdremagedhall remapeht s

havi ng freqiaaeiieoAReBa&T Sy, W%e?ecafﬂn%\ﬂﬁb%gcdzﬂb}r{'é@ WRih tehlisHRVEMET |
si mul ati on s}_udl es were carfied olt on |large passive-addressable nmenory

matri ces arfdiisa&ddneanyef A§dEessE%inpl i fi ed nodel of the matrix, i.e. a
| unped circuit nodel where the coupling between the different lines in the
mat ri x can Akhdeghyadedtesimthe papeadidtiorg, thenpdastntviavant onasipgiriiceldrlynped

el enents. %r r é@g orlt a i%i _rrulrat.it%n .gL .ltehe frl eltgs Sbas d_on_a ed by. _
t wo- di mensiBNAY *hHUEN THRAEDRIRATES U E0 B RARY BT B T drE%ichBYi ce with
reasonabl e capaurtaeycouplimgd, iuskalpdet wilers@dd tranén aopdssiveat capacitive
coupL1 1SS YSLE1 RSP TRIERUSS, o RELE i il BBl SRL BT BTBe L
appear ed neglegiibhes t&cberapphmdglalsi griaicsivef domidigtive cobplimgs mhay ey have
Lrcaueney SAIBANCTl 3ok 53 BB ARG AERIEAUELAL BRI o i no
coupl i ngs cdectbedeoasd deleduamundang fhebeleefddectlds in the matrix. This may
20 more readily be seen when one considers that the memory matrix can be
regarded as a network of capacitive, inductive and resistive elements, where
in addition time-varying voltages.or currents having frequen'cy components
may be flowing in the matrix. However, simulation studies were carried out
on large passive-addressable memory matrices and based on using a
25 simplified model of the matrix, i.e. a lumped circuit model where the
coupling between the different lines in the matrix can be described using
capacitive, inductive and resistive lumped elements.-Carrying out a
simulation of the fields based on a two-dimensional model that mimics the
behaviour of the actual device with reasonable accuracy, it not unexpectedly
30 turned out that capacitive couplings were the primary cause of parasitic
signal contributions, while inductive couplings in practice could be
neglected. Also radiative effects appeared negligible. Even though signals
flowing in the matrix may have frequency components, the signals can be
considered as slowly time-varying and frequencies correspondingly low. Any
35 capacitive and inductive couplings can be considered as near-field effects
and the actual dimensions of the matrix also ensure that retardation effects



and the actual dinmensions of the matrix al so ensure that retardation
ef fects' 24 AUG 2005 12 shall not be present. At 1 GHz the wavel edgilhG 2605an
el ectromagnetic wave is 33 cm while thg-device to which the nethod
according to the invention is -applied conforns to the dinensions of
standard mcrocircuit technology, i.e. wth the |inear dinensions in order

: G . density.
" e " the ool T LR, B friRa Atttz BE vyt AR Lo R AR RIRLYY |
parasitic ef¥ est,syhbethadyviralo whicote ofethodeccoidhbsp thetiohestiommsd cel |
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R Sl it P g ey P
hose. expecy Bl S eRE rad R b zes hall S EhPRE AR et S EF R PSS i upt | nos,
15 In |ightfield sthendths et bg acoosipdaiad bonscimesgaidiapiregudiisg s shons of

specific enbodi.nents of the nethod and a ratuses accordi.ng.to.the
P venti on CHCAHBE CAEss: LABY S5 OoTAPar: th DEBE AT ARS 7 Shctien

reductpon afan forrab Etdccticsan Pnaho S ¢ rdiHrdedpranhksilngs icoamstipast hinged
coupl i ngs onl \éﬁtwt out béin overlq)f]ﬁconcer ned with either inductive or

radi ative CORBFIthGsSIToprueOplwaBate haless IbA NEhRPrK AR daiEechieded in

detai | and gitHe sEAHE bEbLALY EEgHﬁyVﬂfﬁbt@é{thtﬁbtcoheie%ﬁﬁﬁ%dfd%%@ﬁ% operfiigi,erred
enbodi nent s th;reof. The basi cg{q&iga of .the present. invention gﬁj mi fromthe
observat | onMHASHC TR RISt BEArIEEIS CORP HREGIF A H th [16RR YRy CHF EGPFIEY | s and

el ectr odes thosd Brpedtelifibdbe ebhMiveYo RRE @tculende foferrsneeative BpLpliggat ed,

t hese urrznts wou (1115245 cease to flow jf atllli‘lé fpz]ré)t s. of . the matri Wer.% kept
at eqld pot dRtIEHI Gt the ToregaPe, conpdeprdionsithg 10LNHIHE PreeedeRs 0bFPFEfitvance
her e demandnitiedintdifns 9¢ltRe neethoded] Sasp@latused ldbkeelced the @vehti@nvaryi ng
vol t age. Ac%orﬂ:ij gto th% presgnt i nvention, the grobl_)em i.Ss solved by

appl yi ng  tPRBS gﬁféhh%h’ﬂ’ poitepdiasirslatng pebdpatelydedhemetneli el x such
that the 3Qagpntion:gadlecditAidulidndngidn gt ct salcadPes canpraks aahnswithbet

sel ected c%l | s, V\:f‘il | e al Iq{%fn-.s]gl .egt emég\cl | s "exper.i ence ZeLiO vol t age across
themin a SHPEAYENYSHNCERAT ¥ CHBRT L QUEATIBBY F SC3PERE8r i vi ng of the
potentials on word and bit lines in time and magni tude such that the word
and b2@ | dde present invention shall now be discussed in detail and more concrete

terms with explicit reference to various preferred embodiments thereof.

The basic idea of the present invention stems from the observation that
parasitics derive from currents flowing through cells and electrodes in the
matrix, driven by potential differences. Simply stated, these éurrent_s would

25  cease to flow if all parts of the matrix were kept at equipotential at all times,
However, the readout processes of relevance here demand that the selected
cells shall be subjectedA to a time-varying voltagé.

According to the present invention, the problem is solved by applying
time-dependent potentials to the electrodes in the matrix such that the

30 appropriate biasing and probing voltages appear across the selected cells,
while all non-selected cells experience zero voltage across them in a |
dynamic sense. This is achieved through correlated driving of the potentials
on word and bit lines in time and magnitude such that the word and bit lines
crossing at non-selected cells have potentials that are locked to each other.

35 Thus, if the word line potential at a given non-selected cell is forced to



crossing at non-selected cells have potentials that are | ocked to each
other. 35 Thus, if the word line potential at a given non-sel ect et £BGR00S
forced to 13 24 AUG 2005 execute variations to enulate precisely and in real
time the tinme-dependent potential inpressed on the bit Iine connecting to -
that sanme cell, a dynam c equipotential results across said cell. As shall

be descri beexeéh@wm@mdrmo Uil BIEEEISeRAaRATR YL APAIR BRl difle- ddjfentend and

bit lines crossing at said non- addr ess may both have
ti me- dependBAtensRl dmprassedt %ﬁhﬂléityllnﬁ COD@@R@E%FBO\Ah@ThS?éa@ lreds Retynagrict hey

may both bee&ﬁ egtid10e gﬂﬁs %@F@snsqﬁﬁcj:ellsﬁsf kl?al'?%te é'cﬁlbeg Becc}}gﬁ c?io rinciple

shal | now be strate e al gs ren ers t he
smal | - si gnam&uprfefﬁfreﬂeegpb@@énmmahﬁlgm the veordeanst itclemes qx@Spmgaati wed in

ei ther gi regbh%cﬁegsre«asm&%@g d;ﬁh%dv%gﬂlﬁne Q%pél{%n‘i‘ o‘?&ht‘f s]that {/5 getively.

Fig. 4a renders the voltage r attern as perc ved ected
menory cel | lthstﬁla\hsﬁ’atacfsbdwal OBKMm&yabotmrhmn}mnp@i tt@@fee S&Ilnpequaﬁposed on
a square- vva 'e{]ﬂ yol tage. Assune that the nmenory cells exhibit the
smal | - si gna plg(?:[' ance versus voltage behavi our shown in 15 fig. 3. As can

be seen, ¢ states " 1", can be determ ned i ng, a bias
vol t age and%lhégkﬁséﬁ H@n@m%e éb@@rﬂﬁ\ﬁtbecﬂ%@@t?%%lél’bé@ @%QE%STQ@D&Y@S&&)I t age
nmay be timesdepepdent mﬁ%ﬁ;‘ﬁ“?‘ﬁ‘én sﬁoms@?él‘xm%ui)rof asﬂ'éﬁ'f&gv&\ﬂe with a

characteristic period at o | -sI vol t age
used t1d meaBolas1aelanc girsidisgrdeon parreRpondingeto ¢degic ‘thHeamdagegte! Ved

vol t age acrfb%get:hee gﬁﬁgeﬁérsﬁﬁe'dﬂ@;wehaom ttérh hé‘?kﬁ%@é’d'b aflg.

4a. This voltage is gen rence | |nstan aneous potentials
bet ween t hesealéﬂie\demqueﬂewatﬁda amallyeigsial sinuseidzloprobnge yolieBe sel ect ed

cell, ot Ve&%t{ 8?6&‘89 'é’é‘ua@@%@@égh&ﬁg%olé%e Wishifd it 36 | ?’ﬁ/@m d line

and ne pOt entfals are ose SI NUus waves O opp site
phases. |f Qﬂfll& prehibriaidhiei smea ke ginali erpISHABKE i VATS 1S Ve RES BERaYI0ds SBOWLI ni ¢

t he aqtsi ve fit 5l i th v nfig.
4b, tf\lg netﬂgogeﬁ‘t@lecaanppé §§@de?gg?§ Lﬂgﬂﬁgﬁle@mﬁﬂgndpﬁ\% (S’e ?gﬁé%ggglrsesglonds to

the vol t ageaPpIEitp \baes voltage andne@@r@@getbe@étqn@a@hcbneogm c¢pa®itangs. ne) can
be seen to JPH%(B%% 90@5%9Ha b IFiine- Béﬂgé\g&gﬁ@ gﬁgh@ﬂ@@ the, ?'éh{x%n{@ response

by a sensing Cl rcul cel s except
the sel ect exunie vekd Wlthe&ﬁbﬁt@ﬁ@esﬁémfmm\lﬂ@ht%@ée&éﬁimﬁlattmafrfhel n many

practical sihupldighsl valtige S4EPLE MERGPIW SRl aGlaick! Yn TRE Sttt dsREthe

20 perceived voltage across the selected cell shall vary in time as indicated in
fig. 4a. This voitage is generated by the difference in instantaneous botentials
between the active word line and active bit line crossing at the selected cell,
cf. curves marked IWL and ABL in fig. 4b, where the active word line and
active bit line potentials are chosen to be sinus waves of opposite phases. If

25 the inactive word line potential is controlled so as to mimic the active bit line
potential as indicated by the curve marked IWL in fig. 4b, the net potential
difference between IWL and ABL (which corresponds to the voltage
perceived by all non-selected cells on the active bit line) can be seen to be
zero at all times. Thus, when recording the current response by a sensing

30 circuit connected to the active bit line, .all cells except the selected one shall

experience zero net voltage across them.

In many practical situations, this simple procedure of exactly matching the
potential on each side of non-addressed cells needs to be extended and
modified. Depending on the mode of logic state discrimination (capacitance
35 versus bias voltage, second or higher harmonic, sum-or-difference
frequency), the most damaging signal contributions from parasitic currents



potential on each side of non-addressed cells needs to be extended and
nodi fi ed. Depending on the node of |ogic.state discrimnation (capeauGance
35 versus bias voltage, second or higher Pfrnonic, sum or-di fference
frequency), the nost damagi ng signal conttfbutions fromparasitic currents
24 AUG 2005 14 shaII generally occur at frequencies well removed fromthose

contained in.t %gl cal Iﬁé r-frequency bi ama onent of. the vol t age
applied to t¥é Ceendelige CNEPCICSTHER remypye 31&% O5bcaRtqiged In the

equi l i brati agp Qj‘alworodv@nﬂeq@mcy blagfh SbénponenBAYhEasREgH@EH1IER tbahappl i ed
only at certahﬁrj\: ecific 5 fr uenchgs t hat, are derl ved Eromth over al
vol t age applSCeerien RHBOBRFELY: dynagyi¢ potentizlgnualipiaiipg chorldhfi

the case whefie)idcSARANITHIAGSy cHRSHR ddicASe x}ebhe%ma%umm& eosﬁreerforned
with a high frequency probirng . voltage appl at a reguencyD

super i mpos ed TeHER Qe @ﬁ%éﬁ@}’eglfé%mt hetegal valtage i onthasslest sy

l'i near reSpQﬂéﬁorj’ kcells. AWifipté %ﬂﬁmrp'l‘e b&"tﬁlsf@%ﬁeje(asé Qvl&%fao(f a%%'nhhbrat' on
of word and bit [1pe potent al s across non-sel ect ed t frequency Co.

Primarily, afasusbiasitalgsdneaswRBenhts pELOITGH, Withe bkgéb@'ﬁﬂuﬁﬁ%éﬁf@@ﬁgl s
focused on &4 [g%aéﬁmﬁzdoitdﬁ‘éﬂﬁhﬂ% &a%ghh a;?os%%%}{ hNgs fr &E‘cy bidsS a nost

i nportant aspec i nventi on te capacitive In the 15
readout procedtagest neqrencydquénsimsng tinear e@mnsenﬁylslsnfﬁdmnﬂf in ﬁhtsecase

O B e R A S

couplings, as lstmvf/nequenay agor ecedi ng sectl on, are of Iesser concern, a
further and not entirely 20 uninportant aspect of the present i nvention is

to mnim ze mahasi 'aqadswﬂ@htloﬂbelsnuﬁeaﬁf@uﬁgnt)ﬁome%x%eelwﬁﬂeﬁqw isngs. This
is achi eved accor iI’ng to one class of enbod ments o present i1nvention

by prescri bi fagugashen glimiAgtipaer reeueioE: CW@P%V%ICPUEBHg&dH?@%éfdsvﬁ)msénd bi t

lines are bﬁﬁ]‘;b%ianfi(asﬁ&qxfﬁct!&%finvé‘ﬁtﬁ@ﬁ“tb%'1111\[1%%&@%& tive Blkﬂ # firl evant
Si gnal%sc nponéents i npressed on the 25 active bit Tine o group of bit lines.

Thi's of coufS¥QYrIPESSSet ardation effects, but in nost practical menory
devi ces each addressing matrix shall be snall enough and the frequencies
| ow enough fAdrhighi Seaqpprcoed, tht readdud rhey ivaldditioTbe irngited kel parexdid at i on

crample 9 VST Lpl 3 RHo0s SO GRS BRRLS WA Besk il SR

elsewhere in the matrix. Although these two couplings, as shown in a
preceding section, are of lesser concern, a further and not entirely

20 unimportant aspect of the present invention is to minimize parasitic signal
pick-up arising from also such couplings. This is achieved éccording to one
class of embodiments of the present invention by prescribing that during the
readout cycle all non-addressed word and bit lines are brought to coexecute
potential variations to emulate relevant signal components impressed on the

25 active bit line or group of bit lines. This of course ignores retardation
effects, but in most practical memory devices each addressing matrix shall be
small enough and the frequencies low enough for this approximation to be
valid.

The single cell excitation example given in figs. 4a and 4b show how

30 capacitive pick-up from non-addressed-cells on-inactive word lines crossing
the active bit line is avoided by coordinated application of voltages on all
inactive word lines such that the only non-negligible small-signal excitation
voltages occur across at the addressed cell. In the following, the problem of
incorporating the principles taught in the present invention into matrices

35 containing a plurality of word and bit lines shall be addressed, and some



the active bit line is avoided by coordi nated application of voltages on all
inactive word lines such that the only non-negligible small-signal4 AUG 2005
excitation voltages occur across at the 1%ddressed cell. In the foll ow ng,
the problem of incorporating the principles taught in the present invention
into matrices 35 containing a plurality of word and bit lines shall be

addr essed, g I I scri bed.
It is under}gr{éo%%%?ﬁ%’t%l?@ﬁﬁ?gg?ﬁ%ﬁé ‘llfcqlmneenﬁ(;?\[{g%?g%%(g%ﬁ tthequf}?f scope
of the presgmtll imuenvayneprAsént gt ftbscipreof thof ptdsentetveodicaccording to the
i nvention shall now be discussed with reference to figs. 5-8, wherein a

single ”emAYﬁﬁ%'e'mB&diﬁ?é%HQJﬁﬁé?rﬂe@todra'a&%‘?mncéep? fﬂam\%n%%rﬁmfﬁ%upw@ a
passive matrix readout froma Ssi nfg e nmenory C ~perfornmed wth an active
word |ine Alecasiedavithcrefersnpt ttolfigre SABL whsseim a ginglamnemiory ceHalsat ed from

the ingctivg e idopt i nes.. Particularly fig. 5 shows how capacitive
pi ck-up from nongegg%?rea?stggjhcel s 10 crossing the active word and bit |ine

AW.; BW is avpided, by coqrdinated , application of .voltages on all inactive
word and bi NEneShFR S BOWRAIPASHIME TGS TERAOROHORRgINTBEISI BETAWARE ocour

across and girfohge@ddticanedtiseldotd 1ife AW ke dsaenclivemit HRe ABLS, ®othhis is
achieved by all jnactive word lines |IW mrrori ng,téhe i nst ant aneous
¥

pot enti al osrlypeicaslyivelated frgmehampactayg wosdand Pitdiesus| y all inactive bit
lines IBL mrroring the instantaneous potential on the active word |ine
AW. In thiBartieylarhp el sigevahpeatspautios piakyupfront henraddradstessid cel | s

on the,active word,line. AW nd,at. t.he J4e. no vol.t.age appears, across
any of %% he Ho Badns ety ecaprd 3y HinkmE ARE M is Al Ra S S RS SCheme
i I'lustratecpplidaitigpn & vohegescon vl madtivberorthend \bét lines [Wid 1Bl sudh tteg are
fed fromtwo gal,vanicall eparat e but mutual |y coordi,nat sign
generators 2, %m,ly&ﬁ%PQB%?@@@L%%%&%8cﬂéra§‘fflpé¥re?ﬁl(§)8ﬂﬂi%%ggra?aaFggggdl cel |
1 can be pek§oandad gheneftvhythecfigase, tthis isexohieadd biyall reacaotel werd diored and bi t
line by a w range af.,techni gues and  har dwar 25..Fi.g... 6.sh QW current
Fesponse i 4 e R g Byt IR TR KRS B S 22t BnfREE A8 el
whi | elf he adtmiuwvteneouslyl dlhénaAtlve bitflatsiBIs inginedrisgwhe énsdantinebuk putsotialc e
i npedance. |nactjve bit lines opt i ohal | e connected to the-active
word 11 ne AR T orai BEa Whe I p ROk eV b o Bl SRR CtEevY 06 o
sub- cl ass dhe tvm-sdtrespedtelis gn the astierewbhe lineas Wik eabd tat the same time

no voltage appears across any of the non-addressed cells on the active bit line

ABL. '

20 In the scheme illustrated in fig. 5, the active and the inactive word and bit
lines are fed from two galvanically separated, but mutually'cdordinated
signal generators 2,2°, whereby the capacitance measurement on the.
addressed cell 1 can be performed directly across the terminals to the active
word and bit line by a wide range of techniques and hardware.

25 Fig. 6 shows how current response is detected by a sensing circuit 3 on the
active bit line ABL, while the active word line AWL is fed by signal source 2
with low source impedance. Inactive bit lines IBL may optionally be
connected to the active word line AWL as shown. Fig. 6 thus illustrates what
may be viewed as a sub-class of the scheme of fig. 5, where the inactive bit

30 lines IWL are directly voltage-clamped to the active word line AWL: The
word line signal source 2 is now assumed to be “stiff”, i.e. having very low
source impedance, and the current response is detected by a sense amplifier 3
which records the current flowing into the active bit line ABL as the voltage
protocol of the read cycle is run through. The potentials on the inactive word



30 lines IW. are directly voltage-clanped to the active word |line AW.: The
word line signal source 2 is now assuned to be "stiff", i.e. havizigaAvenyo3d ow
source inpedance, and the current respongg is detected by a sense anplifier
3 which records the current flowng into the active bit line ABL as the

vol tage protocol of the read cycle is run through. The potentials on the

| nact | ve Worifled 0324 A6 A005 thirfiRtor W po@nbROVEhel &I BRI HIobgNt i

on the active bit Iine ABL by neans of the slave l3enerator 2' shown”in fig.
5. Al t hough™€Res |Oﬁéb@|84ﬁevebg¢nermm&s ghewrien AR pralihdech thepradtive/itcur r ent

contributi OlnnésolBﬁed@ﬁbt F?O‘h% a édgé‘%lm chﬂ"e%‘@ﬁnﬂ%‘nﬁ@h f61Rd aEﬁlvESmt the

schene in fig as certain use attributes . g provi di ng control
of the pot elhwﬁ%thrw%ppwemted|CieHéstheB$_chem%még gorb Beg eeriaky veefpl, of
courses to ghdiguesna 35% i g“&?n f1oatrt ar schene
to the one s cl)vvn |S C%t S lar.ll n Wlt%ﬂ sgtfelétggg}t tlflgwbﬁﬁ%m}/hwth al |
lines W; BU1pes HRb. & émpl@déltmatwc 1§e|o|£@op®sq;|tarﬁplbmuoa@nme bitlives 8it |ine
potential vfg,@ slave signal source 2'. Fig. 7 thus shows another sub-class

of the scherre of fig. 5. Here, all lines in the matrix except the active

word |ine re clanped.to the active bit line, potential. An advantage of
this scherréy\l[gsai ﬁa}wmtm@map sghemeRQdhEVRERIQVE iRdES. .\AZ2R 3940 Bg t he

active bit Jeljg@edBle] Rl ebu@ﬁWGﬁ'ltﬁ%lpﬁﬁ%WLcBE'19“(% 1O 6&8 ma]tﬁxbb'ém@' ck-up
fromthe other parts of the matrix, in particular capacitive £|c - up from

near - A8 ghdamDsid to theeactiviesb it diasvRRISNRk Vigad Skavtessignal peurderdt Fagbébdi ment

accordi ng tguk @ﬁohﬁvﬁ{ﬁth@f‘sﬂl‘é‘f‘ﬁks'&thfe'élﬁerr% o@f%]n@ ?—I@r’ésﬂﬂ%ﬂé}ain wher ever
the active bit |line ABL crosses a_ _inactive word 1ine , the ceII at that

poi nt experP@ibesXaeklr heeacsi ieow Pagingch 3k ¢58 cllampaﬁdOtth@ a@ﬁlvy bit line
non- negl i ggﬁtenﬁgl“%h l&‘dtvhﬁ’{é %bebt'hﬁs Eé}f@n&% E}%}tncft'cg%rhql it dH RGN ot DEingeNSe

anplifier fromt essed sense fier _circuit 3 may
be confi gurlddl é§0§$ﬂ@\&nth|€rﬁcﬁli\/§ big) IWBM 19 (3RO €8S POTRHEEISVBNal QU EEhes

ABL cap be lﬂﬁgiéﬂl%q‘lnpggro\fh ﬁﬁé‘%{h&bﬁlﬂ&d@f iy §1a't1§xalr§€/;§ ASAT dr §§;§ad&ﬂvfe ick-

‘measuring capacita but can enpl oyed for any of the detection nodes 25
rel evant i R HOmNEaemel gomuakit liBgs,ckpiesya'id- an operational anplifier with
high gain, the input terminal and thus the bit line may be clanped at a

desi red pdtkeawhﬁbnvshd)ﬁhadwﬁmtQ@E@ilﬁpetrﬁ@cabr&mlgl to thdtinventivAshpracii cal
cases shally be s LG LRl LO RIS EMALoNd, L el sagey thecpolnt of
virtual graonactivByword line IWL, the cell at that point experiences near-zero voltage
20 across it, and the only non-negligible contribution to bit line current flowing
through the sense amplifier 3 is from the addressed cell 1. A sense amplifier
circuit 3 may be configured as shown in fig. 8, which illustrates how active
bit lines ABL can be defined at virtual ground. This is a standard set-up for
measuring capacitance, but can be employed for any of the detection modes
25 relevant in the present context. By employing an operational amplifier with
high gain, the input terminal and thus the bit line .may be clamped at a desired
potential which may be selected at will, but in many practical cases shall be
identical to system ground. In that case, the point of connection to the active
bit line ABL shall henceforth shall be defined as virtual ground. By
30 employing a detection circuit with virtual ground, one observes.-from fig. 7
that the entire matrix except the active word line AWL remains at ground
potential. This has obvious beneficial consequences in terms of simplicity
and shielding against parasitic signai pick-up. In this case the voltage swing
(bias and probing voltage) across the selected cell 1 comes entirely from the
35 active word line AWL, but the basic principle of equilibration of potentials

across non-selected cells 1s maintained.



30 enploying a detection circuit with virtual ground, one observes-fromfig.
7 that the entire matrix except the active word |ine AN renmai Nn24a4UGRNd
potential. This has obvious beneficial cqnsequences in terns of sinplicity
and shi el ding agai nst parasitic signal pick-up. In this case the voltage
swing (bias and probing voltage) across the selected cell 1 cones entirely

from the 35sagddong dRbIAIhES Ve rl@ethddﬂsc&%ﬁ& 2 Iuﬂl&arwe%nﬂin %Héﬂe’b?r ation
of potentials _across _non-selected cells i s mainhtained,24 A

second embodiPRgAtnest Wilharenddrseset dopaianlsl thalhaomhbesisaseqnsiieby vvord
lines W araddiessedl 0 R35al beloive Bl Lina e dhSUSSRdbH hhy Gfer ence

to fig. 9. Again paSSI rix addressing Is use
si mul taneou@nadmms@d@cssang ofla fdhrow afememporyeddlls onaaw ot Bnle; wailenhi | e

5 paragiti Cpéﬂa@ﬁﬁ{)&@%lst DensaTend Hike Qfeesﬁﬁ}%?étfed In this second

enbodi nent ,” eac ine is read in para W th one or nore, potentially

all the ot r bit |lines, by dedicated ci .ts.3 co necte each bit line
BL, cf. figllo. ThissScCORd capp mﬁwﬁcmﬁttﬁlmw es@éﬂgm%rﬁ l&ﬁvfl He Ongi gl e

add(r]I esseld vmlb@l% LMFFMH Caatntmeotlﬁ%ptbllﬁrmasl ?mla@écga%rbahs BO%dﬁHéw@?@ttthle
read cycle, w a | hacC I nes Cl anpe 0. a chnosen potentl a
e.g. grounccaGhhbitdineBLl a@% ffé %ﬂms’ e molﬁgn%f@ﬁh%%we We@tgqrgﬁg

gener at or ZsinbieChd drel¥d dera 1Rl Aanﬁ éana§e ﬁégm{hc@mﬁoﬁ@tbnﬁwnal pr obi ng
voltagp Thi s”si gnal- .generator 2 has_a | ow source._. it can
n

mai nt t Hélrgug@%tnﬁh@deaﬂﬁcmadmbﬁl Hiaghiye werd bzgég Mt%@npsdé@ranect ed
active wor d-HdqRg Eac{]*&‘)% d% \aﬂ{) H'feegctli)ye GHraaiie Areing &{hnetclfl?d

cr035|ng bit Iines Ine BL has a sense a fier
circuit 3 égs%éigataé@emaﬁor 2 W@CQ P@Mﬁl%a@ vodtagRediahes yFrihas |arﬁmiﬂlé sygnal

whereby the C%'fdbﬁ‘ﬂ% Vidif e' 'T?h?s %%% gbhezla‘t&ez ?%\Q%ﬁ%@ afeddit?, i.e.

potential at t nse uts and | 1nes BL are kept
at virtual lgﬁénﬁaamwnetﬁ@mrpggam MS@élﬁlaT@N Mg@alzwahgge@ oaridfer takes

placeigt thefiRlchksy hitd %r@'ﬂne J&\'Wﬁswﬁ'hohf’ beNRE hFfEetddBY cAfENe R &ths teor d

lines TW.. In this enbodi nment tant advantages tay be gained: 1) In
addi tion t dhe&Hnssing h;hbaénfﬁa@ mddpa lcbrlt HR&Rje s ons¢iss-ataBlESsed cel | s

on the actidgaft & AslsB@fate%BwH ft, 13? 35920 €5 thébhe showH M FigZ?, whessdyal k by
25 capacitiyve and in case also i nductive or_radiative couplings to word. and

bit |ines tBESoRFENION 1ﬂ%e%@db§§éﬁl¢1§alﬁrﬁrd%¥er%€l PP eisstial 8t 8iGcer bat ed
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t he : .
20 ensuring that no capacitive charge transfer takes place at the cells linking bit
lines BL to inactive (non-addressed) word lines IWL.

In this embodiment, two important advantages may be gained:

1) In addition to removing capacitive pick-up of charge from non-addressed
cells on the active bit lines ABL, it is also desirable to minimize crosstalk by

25 capacitive and in case also inductive or radiative couplings to word and bit
lines elsewhere in the addressing matrix. Such problems are exacerbated as
the signal frequencies increase and/or the physical distances between the
word and bit lines diminish, i.e. as the device design is tweaked towards
higher performance. With the present preferred embodifnent, much reduced

30 pick-up of parasitic contributions to the readout.signals can be achieved since
the whole matrix (excepting the active word line) can be maintained at the
same potential, e.g. ground. This provides opportunities for greatly reduced
pick-up of parasitic contributions to the readout signals.

2) Since each bit line BL crosses the active (addressed) word line AWL and
35 is provided with its separate sense amplifier 3, parallel readout from all cells



word and bit lines dimnish, i.e. as the device design is tweaked towards
hi gher performance. Wth the present preferred enbodi nent, nuch r2aV6R089
pi ck-up of parasitic contributions to thejgeadout signals can be achieved
since the whole matrix (excepting the active word Iine) can be naintained
at the sane potential, e.g. ground. This provides opportunities for greatly

reduced pi gk-tue ﬁdr@ﬁe@swa&lﬁ@r‘AWl?% g‘é@@b‘l@ whe 4 @@Hﬁﬂénsﬁirgf@gﬁw%}e Since

each bit line BL crosses the active ressed) word [ine AW an
provi ded wi thOoptRuts@arateelTorNERE BABTIXf i er 3, parallel readout from all
cells 18 24 AUG 2005 on the addressed word line AW is possible, with a
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however, |eads to crowding along the array of sense anplifier circuits at
t he edge ofin ™ 13hace ehleeaedcg] e tievVatsashan

he ed fIn theefwhhtwond, linmacedss ehebleedesdositmdazler tiatie o heneske thed

anpl i figer Cééﬁ’bhrll{nclﬁaa @Cﬁéﬁ%d' é%n%@%%;%{ iky c1rgﬁﬁ 3“’%¥s<?(ijp‘?at%\ﬂ%ﬁht he

crowding, problemis to re e the nunber river circuits and
bit |ine selsaceathy.iitiedeyredis p@clwebl@nnébcmm@trvh@mt@etu@getfmr@ and bit

lines W, B 151?:‘3 gﬁ’;tljg ng tﬂ%bfﬁ@Bﬁl e gﬁ%ﬁ shedld %%tlfx r%n?l%guﬁh%g rWdgdies or

routers. part ri'y shows a 0 appar at us
accordi ng tkﬁaﬁhéomowﬁnm@alortg thmnremmftsenge aniplifieneirguite ad clug edge tedne

CTpl OYi 10 2uiid BT LA RUAKBELIAEH] KoMt RG CARNBELL Oy HEEBERNIESY v th

swi t ched cl anpi'ng of inactive wor to groun
conj urét i omnAreaselsiin damelexBl. wi t h detection circuits cI anping the bit
lines to virtual ground. At one end of each bit Iine BL a sense 25 anplifier

circuit 3 S@Eﬁbhﬂﬁ t® ab BRI fHeced¥M gl probllém i8 tb&eaqeecﬂ@é @dnam ofchampethet 0
virtual gr Oélrwer 01%089[(53 r;'mﬁ% tsﬁn r?elnlsgla%{p ¢ 1<r3rcgfrgu13£s r}‘/ connectmg them to the

word and bit lines WL;BL in the matrix by means of less real-estate
consuming switches or routers. To this end, fig. 10 particularly shows a first

20 apparatus according to the invention for implementing a full word readout
scheme employing a time-multiplexed active word line connection
synchronized with switched clamping of inactive word lines WL to ground
potential, in conjunction with bit lines BL with detection circuits clamping
the bit lines to virtual ground. At one end of each bit line BL a sense

25 amplifier circuit 3 similar to the one shown in fig. 8 is connected and
clamped to virtual ground. To each sense amplifier circuit 3 there is
connected a lock-in amplifier 4 with an output for the readout signal and an
input for the reference signal. The reference signal is generated.by a
combined bias voltage and signal source 5 with a reference output signal

30 connected to the lock-in amplifiers 4. The bias voltage and signal source 5
also has an output to an active word line driver 6 having an output connected
with a multiplexer 7 which selects a word line WL for readout, i.e. the active
word line AWL, while simultaneously biasing inactive word lines IWL as
appropriate. The opposite ends of the word lines are connected with a

35 passgate bank & which allows the clamping of the inactive word lines IWL to



connected a lock-in anplifier 4 with an output for the readout signal and an
input for the reference signal. The reference signal is generated4yva 2005
conbi ned bi as voltage and signal source 50with a reference output signal 30
connected to the lock-in anplifiers 4. Thé bias voltage and signal source 5
al so has an output to an active word line driver 6 having an out put

connect ed |t LN ¢ ut
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I i nes | W ascadapr eprthatreemibng coﬁpdswher@ﬁBEbUfllmdseB\hmr@sk tescave veornect ed
with a 35 p ey b the clanmping of the inactive wor d
lines W tgﬁgg%ﬁ& %ﬁgg g@%?ﬁ; %EA gégsuse of suitable switching neans 8 . A
full word |ine_can hence be read, i.e. all the nepory cells | where the bit
lines BL crbidl{$EoRetd 6ecamst appatphissaardentdhthe BRENtionpAhrateer Fig. 11

shows sec ﬁp@aﬂ-@ r lar-to
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active bit Tine exer 9 connectable at one
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arrangementf, etaﬁguf?&g}ﬂ'ai‘ﬁﬂd %%%pui’ ?éért 999&?9&?%9@&%‘1 fF&HfC@oxﬁbHi’éH BRI ve
word line driv and an act wor I'T ne mul t17pl exer e same as

t he appar atvellage angsenge @;@aabsom@ar%em%an@ngemt ohdhe gemifinpdtbiahs as
the latter vai st ahd sidifs) 3BARES Uah heifk yorkliind RENRL ek, €8H RHivkhgonpr d
lines W. i s _connhecte pas'sgate b vmngt e I nactive word
lines WL tdlmna:ula@b@@rﬂols@;ﬂ@m@lms swth%hpngratmaahfl 0 3ol epursen t he

&5 f i L
2ddi t i 'onal I‘ZE?%‘V‘? bte MiEFubBBhs b oy O BiterclsBlif B i‘% Sraket o
simlarly Usesotber esdiodgheweord lines W onicagnediediwebtd passgiate bamed B. L to be
clanped to 4 T@wg?g%egl %HPQe%ortdhﬁn 'tM%eV\&'ég'x(ﬁud[anos%%d%%dcﬁﬂIs@/?tc?x‘?ﬁg the

apparatus in fi enents a row rea
certain deghgany §sé‘ﬁ%\h'é§€1f, anthe @ﬁpﬁ@éﬁ%m TigeHdnidsre oy at Heesehge eindeot Bidout
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However, it .is inportant contrar se
20’ 51m11arr}Puses switching means 16 allowing the Inactive |blt llnes ﬁi to be

S5 5

clamped to the same ground as the inactive word lines.

As can be seen, the apparatus in fig. 11 implements a full row readout
scheme which to a certain degree resembles full row readout schemes for
destructive readout described in patent applications belonging to the present

25 applicant. However, it is important to note that contrary to what is the case
with destructive readout schemes, full row readout can be done in
conjunction with multiplexing, without loss of data. Since readout is
non-destructive in the present case, the cells on the bit lines that are not
addressed by the switches or routers in a given read cycle retain their logic

30 state. Thus, a complete row of cells can be read by repeated application of
full word line excitation, in conjunction with sequential reading in the sense
amplifier circuit(s).

It should be obvious to persons skilled in the art that the embodiment of the
method and apparatus according to the invention is given by of way of
35 example only and shall in no way be regarded as limiting. It should e.g. be



wi th destructive readout schemes, full row readout can be done in
conjunction wth nmultiplexing, without |oss of data. Since readou24 AFG 2005
non-destructive in the present case, the S Ils on the bit lines that are not
addressed by the switches or routers in a given read cycle retain their

| ogic 30 state Thus, a conplete row of cells can be read by repeated
application o full word lin excHIatlon in co&hunction mﬁthﬁilquentlal
reading in t‘ﬂ’éd%hg@t VARSUSFICEEMES o i FPpd§ MeNing HBG NGB Ah e VA IES per sons
kil Ied i n tayeyfgl adafultipee 6RBaRhOROhs 9br pbFfonies hadl@nd iRpRRtas s
according to the lnvention is.: %lven q¥ maxépf 3 g | e. only nqgshal
in no way bAoA W€ IVERIIPRSan BE df BETSpRS 54! nZ@(?SariOa i dent
that variouswitberpapbsing am) AIefitiiogs bhahpeseswarstcondin ?hﬂonm: infeh¥oag and
nU|tIp|§XIng Eﬁe%é a?s f.or erforn1p at least the tho accordkﬁg to the
i nventien caw b Brmby VRbisenat e veaton pwe LY the SHepnal oh

I nposi ng anycd’p%%ﬁtﬂ@&b@ﬁﬁng;ﬂlﬁ B%a@?ﬁv@%aﬁ@%ﬁ@ké&abk ﬁm*éﬁldr’j'\éﬁfﬁy @ﬂ 5 such
that the prinmary.object” of the in e eli-m pation of

capaci tive cf&pﬁmtﬁyé NS tAU GHESS vithap fw%eaﬁm%lae%%%a{} iBanyycase will
capaci t or - | i e mk MArUIIRSp ¥leh i a8 dPE AfTice Rl 8ss ABATIGYIr éRER dedlls ark Tbrafi¥hcase
will be net when the potentlal di fference across non-addressed cellS are
brought to '2e%%0- 10 24 AUG 2005 21 PATENT CLAIMS | A method for determ ning
a logic state of selected nenory cells provided in a passive

mat ri x18ddr essabl e data storage device containing word and bit |ines,
wherein a specific logic state is assigned a unique |ogical value 5
according to a predeterm ned protocol, wherein said cells store data in the
formof an electrical polarization state in capacitor-like structures
conprising a polarizable material, particularly a ferroelectric or electret
materi al capable of exhibiting hysteresis, wherein said polarizable
material is capable of nmintaining a non-vanishing electrical polarization
in the absence of an 10 externally inpressed voltage across said
capacitor-like structures, wherein a selection of nmenory cells takes place
by activating the word line. or the bit 1line or both crossing at a nenory
cell in question, wherein the activation of a



word line or a bit line is effected by externally applied potenti al

di fferences therebetween, -thus subjecting said selected cells t2AUG 2005
smal | -si gnal probing 15 voltage arising fgpmthe applied potenti al

di fference, whereby a current response is generated fromsaid cells,
wherein said snmall-signal probing volt age is tinme-dependent in an
arbitrarily pgetresiplotieafigghi on and has voltage anplitudes and/or durations
| ess than those required for causing significant permnent change in the

pol ari zation states of, sai.d cells, wherein said |ogic 20 state is. . determ ned
by detecti ng'corrpg'n@ﬁlﬁéoqaﬁors PGB e F?Eégﬁi?ﬁgeof?%é%tegﬂﬁnga SEVRd cell,
wher ei n t hepeoviedeint $ pafsit benfiuix-eddresestijenizea atragt eRpiicAt dhtvimiapvebat ed
with said small ﬁll nal prohi ng vol.fa eor referenmélcg si.gnal s .deri v]ed from
same, and WABHEIIR ReGeBPETGR BIPCFi 608 S HAGICFSShEnThr SRHGHF (Qaife] Kalic
perforned oacthelibgsbs pledet&eiipadipiotocd, fhieteinWai@rEl23tdresiensg theth a
set of predgfl nec% criferi.a, pﬂihar acterized by agpl ying time-dependent.
potentials SN B E C\%?‘ﬂ HNEEFONS%@ 1grLaga 1}95‘11_1‘6?St%éfrtHr%n‘EPrBPFSWgnes,
sai d tine-depgydaahbRomaNi Al pakedary fdtbelec GROGALRRLRY mdteBOBASAKIE and

time such that e resulting. vol tages across al| 30 or some of fhe
non- addr ess& eéglﬂ?lém&thl{f}’ﬂ%reéisoé’élilﬁﬁlrbéﬁlﬁtkolﬁgﬁﬁggnmiafﬁé%li1§éap\%}ed°fi nes and

an active bitaihtdi8ir a3@hlivénibhing élRes i@ HNEribetiveen thoabid® obhh | i nes
and at_ ] east one ﬁ\ct,l ve word |line are broirLclirght to contain onlg nﬁgl |,$| bl e
vol t agd conpdifERELY dRaresied YIRS af1o5s Eaid eARACRPT i S SUFPIESAYPPLER Gnal
probi ng vol telgetion dferfn%hﬁﬁzidwls%ﬁéﬁbﬁacﬂeé)i yedvati Fnid1e oyae 8511 bA met hod
according to claimyl, | characterized tm ‘actlvatlmgkla single word |line at a

time. 24 AUBPSCUS° PR FOSHNEAHOR RIS Fihly HBCEIALNTACTEAR R RaERY PREHY OBy
subj ecting iwagtlinveonarsdt And/i9kefRicted bpextédaP9t &plicd pofehdial dofformcesl | y.
track with high fij de“t% and in real .qﬁl rrf thcg v?lta%mgp}&é@i to, .the
active bit HHAFBFIWRATY thiheubiectiagecid eleptecsealls 1o Aot S PAPRE& o cl ai m
3, charact eybrege Ryi st dh th@dpbied Rk &Y d1adigfBntdlaghbrdyWEGehnes by
dedi cat ed signal sources that. deri v(g a1 sKgHal froman gctive bit .Iine or
active bi t [95PRBS® (D BAYFAIEC AIQTY SeiheR It RENHSIR ARG MAH-Y&RY BIARIDE bit Iine
or bit l|inegolthge fs tRid@dpasdaitdhng 4:»iGhAlysSectable fashion and has voltage
amplitudés and/or durations less than those required for causing significant
permanent change in the polarization states of said.cells, wherein said logic
20 state is determined by detecting components in said current response from
said selected cell, wherein the components of the current response are
temporarily correlated with said small-signal probing voltage or referencing
signals derived from same, and wherein a decision on a logic state of a
sele_cted cell 1s performed on the basis of a comparison of said current
25 response with a set of predefined criteria,
characterized by
applying time-dependent potentials on selected word and bit lines or groups
of word and bit lines, said time-dependent potentials being mutually
coordinated in magnitude and time such that the resulting voltages across all
30 or some of the non-addressed cells at the crossing points between inactive
word lines and an active bit line or active bit lines and/or between inactive
bit lines and at least one active word line are brought to contain only

negligible voltage components that are temporally correlated with said
small-signal probing voltage or referencing signals derived from the same.

35 2. A method according to claim 1,
characterized by activating a single word line at a time.



10 characterized by controlling the potentials on inactive bit Ilnes
dedi cated signal.sources that derive a signal froman active wor fhémﬁo
dynami cally track the potential on said agtive word line. 6. A nethod
according to claim3, characterized by controlling the potentials on
inactive word lines by 15 electrically.latching the sane via sw tches and
wring to thﬁ poLenhm&bdqmo@@hn@p&jMguar[ |ine or active bit Ilnes 7. . A

met hod accor ta cl . characterized y nt l|n t he ntials on
hacts v, bi e ake 60 B et p GFE STt RORG L0 B RS LR e el A
wiring to tm@n@ﬁileanyafac(knwm mfglhl ﬂ@eM@r ghd 219réalrl¢me&he/\'dlﬁo|é@chp§ﬁfe@rt@ ng to
clainms i, ﬁr act.erized 8)/ rrardné an actl ve el ectronic circuit connected
to each actt ¢ACHIVE i ARdAREi W PAY-ICABCEBYC ot ential on an active bit line
at a predefined value. 25 9. A nethod according to clains 8, characterized
by sel etti nd.sai dA prnettiefliavedrdialgue dsim Jyst em gr ound pot ent i aI 10, A

t hod t har act d. b bi t ti
bt Tines. - thergethlzfd B Ranrelling B8 kRt Sniragiliaeost e 1 or ovi i ng

a nul ti pl exeedératpas sgat] & odacds tthat derivect signal fanhianeadtive bitneneabr activee to
an active e ec]éronltc circuit V\ﬂ E gal ntta n t he . otent &3'1 on s$| d..one
active bit Dy tq AERERIEAII HaGRVHF B2 ISR QIS Bi0RCE 3 L B BHoRnes.
accordi ng to claim 8, characterized by providing a nultiplexer or passgate
bank to condect (An&;@hedtmdos@nc’db detmve bit lines at a tinme to a set of

act ve, ¢l ectiapnohe EU 8o IR 08108l L15, BOLSLI Bl 1A bReaBEt LSy DIt

I i nes t he prede
char act er i z&wnn} seureast thae detizctar signel énqrn@mtaq@r\m/w@m inenfoodyreaminallyn  t he

charge or Ck'xraﬁ?”tthefﬂo%‘ﬁt” %Hts? dfé%t?v@%drﬁq pit line. 14. A nmethod according

toclaim1l aracterzed ng inactive word lines to system ground

potential via a -10 bank of passgates, or, swtches. 15. A method according to
claim1, 6. A method according to claim

characterized by controlling the potentlals on inactive word lines by
15 electrically.latching the same via switches and wiring to the potential on an
active bit line or active bit lines.

7. . A method according to claim 3,

characterized by controlling the potentials on inactive bit lines by electrically

latching the same via switches and wiring to the potential on an active word
20 line.

8. . A method according to claims 1,
characterized by employing an active electronic circuit connected to each
active bit line which maintains the potential on an active bit line at a

predefined value.

25 9. A method according to claims §,
characterized by selecting said predefined value as a system ground potential.

10. A method according to claim 8,
characterized by all bit lines being active bit lines.

11. A method according to claim 8,

30 characterized by providing a multiplexer or passgate bank to connect one
active bit line at a time to an active electronic circuit which maintains the
potential on said one active bit line at the predefined value.



characterized by latching inactive bit lines to systemground potential via
a bank of passgates or switches. 16. A method according to cl ai AfAUG2P05
characterized by provding a nultiplexer df3 passgate bank to connect one
active word line at a tinme to an electronic circuit which controls the
potential on said one active word |ine according to a predefined protocol.
17. A net hoti2accdr diengod accbaiing16,clelmardact eri zed by said potential on said

one active r ine jncluding a_ 20, .superposition af mal | - si.gnal

orobi g vol tagacisiired BEakgyBing i fRer B e e P o RS Eor i ng 10
cl ﬂ m1, cﬂwlactteelrsiemd dmyi\gn}aiky?riesgataa tittd Etﬂ% sgesﬁelaﬁie;feﬂm@xﬁlceﬁt@ﬂtsrr:smr y
cells wit .boxcar . met hod, . sai. oxcar t hod,.e i ng_t ng, si,gnal s
dor i ved 25 IR dBE FosSRith TR0 IS AT R pURERES S Hireatn o7 8. wor d
line and/or an active bit line or active bit lines. 19. A nethod according
to claidms 1}3chadaniethodedctndingabyciaimy & he current response from sel ect ed

menory cel | i . a4 0ck-1n t hod, id Jlock-i-: thed empl ovi ne or
nore refer eﬁ%%%%léﬁdgﬁgl S iﬁﬁgg 'reééqéﬁ%lﬁ' %B%?Rgg\éﬁ?{}%d{{fo? gr?‘/ﬁtgchr gﬁi ts
control | i ngthehehgrge entduatentdilowangl imtet $aid asoivet Bit hmeand/ or sai d active bit
lines. 24 AUG 2005 24 20: A method according to claim 19, characterized by

performng gAid ﬁnﬁlfei'ﬁé]éa&(%rlai rtgfc@{i%pge signal derived froma probing.
vol t age conponent of the.vo talg% applied’across said selected nenory cells.
5 21. A net¢edagsswedi by latohuiginaciye whad dioresrtbAyaidny grevndpoisnfialaiia a
anal ysins w : .gngh derived froma. biasing voltage conponent
of thglovol tg‘ig}lelgggg’%?@%?gégq%eg' sel ected nenory cells. 22. A nethod
according to claim19, 10 characterized, by perform ng said analysis with
dual referehte sfgmailo 6@@rd#%§é‘?é}@€1§ignal bei ng derived from a probing.

vol tage congpiedterpied Wﬁatcﬁfr@"ir?ac?iiv%%i@gin\é@|tb%@§t&ﬂ"$@ﬁﬁﬁ‘tpo@énﬁileyi‘écﬂ tage
applied across said s€lected. nenory cells. 23. "A nethod acCcording to claim
19, ank ol passgates or switches. .
16. A method according to claim 1,
15 characterized by provding a multiplexer or passgate bank to connect one
active word line at a time to an electronic circuit which controls the potential

on said one active word line according to a predefined protocol.

17. A method according to claim 16,
' characterized by said potential on said one active word line including a
20 superposition of a small-signal probing voltage and a background biasing
voltage.

18 A method according to claim 1,

characterized by analyzing a current response from selected memory cells

with a boxcar method, said boxcar method employing timing signals derived
25 from the circuits cohtrolling the potentials on an active word line and/or an

active bit line or active bit lines.

19. A method according to claims 1,

characterized by analyzing the current response from selected memory cells

with a lock-in method, said lock-in method employing one or more reference
30 signals in the frequency domain derived from  circuits controlling the

potentials on said active word line and/or said active bit lines.



15. characterized by perform ng said analysis of the current response using
dom nant frequency conponents of at |east one of the follow ng, 44UGt2085
fundanmental or higher harnmonics (2a 3'd..-,) of a probing voltage in the case
where said probing voltage contains a single dom nant frequency, or the
fundanmental or higher harnonics (2a 3ra ) of one or nore conponents of 20

sai d probi ngZO/,'oI tﬁ%eth%eic%@?&‘# tg}:)&gg@gl;%s contain two or nore separate

dom nant frequencies, or su e frequenci es. generated by adding
and/ or subt racractgrigad dyt verfom iy eaidematgsis Witlequefieiease signalAterappiar at us

for perform t he -net hod ,accor din iml,. wherein the appara .4 1S
conneot ed wi T HTHn T Drae A it EOp bR LAY e AFRERE A G e SBfdlec
nmenory cel | snemoay palsi ve addressable matrix with a first electrode set
formng word lines (W) of the nenory device and a second set of el ectrodes

form ngsbit jli.”esA.(xﬁéthoHrh%rc%?&inlgﬁ?ﬁ da8Rpay atus being characterized in
anpli ti

conprising respective sense _ er circéuits (3) provided for each bit
line (BL) arrdhacetinpecedytirrienming sed agalymedvitlo avefergate grgnaddlerdeda
respective | -1.a;.aml Lf e e i g ch sense
anplifier cﬁ@ﬁ%%@@é gégsgg\%# an%?g)gu?th\f@o\?&gékg? rlté%\)détgcéqssgé%?@and an
out put for sglecdedmamenyeells. a conbi ned bias vol tage and signal source (5)
havi ng an output connected with the reference signal input of the |lock-in

amplifier (4. fox me@vidicRgrdinkaballengqosi gnal thereto, an active word line
driver é6) 3 connect;d Wi tgoan,ot her. jout &Jt of, the conbi ned hi as, vol t age and

si gnal 18our CRapactaues PGy PeIoqmNE wad @nabisiy @it Ara) Teferencesagngsy Opgvi ng an

out put connegf@en¥é byl b%%ﬁ&'i@é@rﬁc{rﬁ)a ﬁ%iﬁglmidg@gccﬁﬂp@ﬁéﬂtvaudﬂ@ﬁé l'ine
and bei ng provi ded, connectabl e at one §nd of The word,lines (W), and a
passgat e bardkoe) bigsing vakagacomponsnhel dhE i taateaRplics APTO8S SEW) for

cl anpi ng al lsejdtasd hye@ngryv&qgs_l ines (IW) to ground, whereby the apparatus
allows parallel readout "of all nenory cells on an active word |line (AW).

25. An appargat us faor B§rforcrricpﬂ thelrrlet d according to claim1l1, wherein.
the apparatus’is et ?éﬁ\% gdRd's me’part of a ferroelectric nenory
devi celfi t h clreramyrized by penfanpagsiave aadbrsesshtiecoment kespionke asfig st 10

el ectrode s or m ‘ | i )1 Of . Lce secohd
et of el ectPBUgert BRaRicy REhmc i etk lets: RE TGE ARG PR 5T

appar at us i s”pnthamantaérdrz}éghémhmmmiicsi(ﬂbd, & nul tdfd pxring9)oltagenacthectcaat one
end of the Rigere said probing voltage contains a single dominant frequency, or the |

nd 3 ) of one or more components of

fundamental or higher harmonics (2
20 said probing voltage, where said components contain two or more separate
dominant frequencies, or sum-or difference frequencies generated by adding

and/or subtracting said two or more dominant frequencies.

24.  An apparatus for performing the method according to claim 1,
wherein the apparatus.is connected with and forms part of a ferroelectric

25 memory device with memory cells in a passive addressable matrix with a first
electrode set forming word lines (WL) of the memory device and & second set
of electrodes forming bit lines (BL) thereof, said apparatus being
characterized in comprising respective sense amplifier circuits (3) provided
for each bit line (BL) and connected therewith and clamped to virtual ground,

30 a respective lock-in amplifier (4) connected with the output of each sense
amplifier circuit (3), and having an input for a reference signal and an output
for a readout signal, a combined bias voltage and signal source (5) having an
output connected with the reference signal input of the lock-in amplifier (4)
for providing a reference signal thereto, an active word line driver (6)

35 connected with another output of the combined bias voltage and signal source



lines (BL); a .sense anplifier circuit (3) connected with the bit Iine 15
mul tipl exer ( 9) and clanped to virtual ground, a | ock-in anplifiBrAU&)2005
connected with the output of the sense a ifier circuit (3) and having an
i nput for a reference signal and an outp for a readout signal, said bit
line multiplexer (9) providing the selection of an active bit |ine (ABL)

i d combj.-ned bias ‘vol t d. si gnal 5 ' t put
20 connect oo Y0 EREVE Y et LiGR TP T RS TERE Rt Gtk AR 27 Ty ™
for pr O\d/i dinﬁl?lﬁ@léﬁérﬁ(ﬂerfoetssle?ltﬁwg a:mheaétl%\)yc&ld lagé avid blaliutigl plrd)vrielgdri verI (6)
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readout of tlreappmseunnpidrficeted wituand 8)ms pacoofiarfgrioglectaairhetmoey ti m ng
protocol . geyice with memory cells in a passive addressable matrix with a first
10 electrode set forming the word lines (WL) of the memory device and a
second set of electrodes forming the bit lines (BL) 'thereof, and wherein the
.apparatus is
characterized in comprising a multiplexer (9) connected at oneend of the bit
lines (BL), a sense amplifier circuit (3) connected with the bit line
15 multiplexer (  9) and clamped to virtual ground, a lock-in amplifier (4)
connected with the output of the sense amplifier circuit (3) and having an
input for a reference signal and an output for a readout signal, said bit line
“multiplexer (9) providing the selection of an active bit line (ABL) for
readout, a combined bias voltage and signal source (5) having an output
20 connected with the reference signal input of the lock-in amplifier (4) for-
providing a reference signal thereto; an active word line driver (6) connected
with another output of the combined bias voltage and signal source (3), said
active word line driver having an output.connected with a multiplexer (7) for
selecting an active word line (AWL) and being provided connectable at one
25 end of the word lines (WL), a first passgate bank (8) provided at the other
end of the word lines (WL) for clampi_ng-ail inactive word lines (IWL) to
ground, a second passgate bank (1.0) provided connectable to the other end of
the bit lines (BL) for clamping all inactive bit lines (IBL) to ground, whereby
all memory cells on an active word line (A,WL) can be addressed in parallel
30 combined with a sequential readout of the sense amplifier circuit (3)

according to a suitable timing protocol.



