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mat eri al” bet ween & wor Ime and a bit Tine _
and cells connected with this bit line; as well as a device for performing the
method for reading a passive matrix-addressable device, particularly a
memory device or a sensor device with individually addressable cells, for
storing a logical value as given by charge value set in a cell, wherein the
25 device comprises electrically polarizable material exhibiting hysteresis,
particularly a ferroelectric material, wherein the device comprises a first and
a second electrode set with parallel electrodes which respectively form word
lines and bit lines in the device, wherein the word line electrodes and the bit
line electrodes are provided mutually orthogonal and contacting the
30 polarizable material at opposite surfaces thereof, such that the cells of the
device comprise capacitor-like structures defined in a volume of the
polarizable material in or at the crossings between word lines and bit lines,
wherein a cell in the device can be set to one of two polarization states or
switched between these by applying a voltage Vi larger than the coercive
35 voltage V. of the polarizable material between a word line and a bit line
addressing the cell, wherein each bit line is connected with a detection

means, wherein the method comprises a voltage pulse protocol with a read



addressing the cell, wherein each bit line is connected with a detection
means, wherein the nmethod conprises a voltage pul se protocol with a read WO
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20 two capacitors etc. It is also possible that a larger number n capacitors can be

connected with a single transistor, such that active memory cell is denoted as
a cell of the type 1T-nC. The intention is that the capacitor of the memory
cell when the latter 1s not addressed, can be disconnected and then be
uninfluenced by the matrix stray capacitance which may cause voltage

25 disturbs and sneak currents when another cell of the matrix shall be
addressed.

Matrix-addressable devices with active cells hence have obvious advantages,
but also disadvantages. The use of access or switch transistors comports
increased power consumption and results in a lower integration density,

30 something which for instance reduces the storage density in memory devices.

In passive matrix-addressable memory devices all cells, e.g. the memory cells
of a memory matrix, will all the time be connected in the network formed by
the electrodes, usually called word lines and bit lines of the matrix, each cell
being provided at or between a word line or a crossing bit line and hence

35 forming the capacitive structure. A single passive cell of this kind is



bei ng provided at or between a word line or a crossing bit |line and hence
35 formng the capacitive structure. A single passive cell of this kind is
WO 03/ 0468D33EGPLNCO2/ 00389 3 addressed by applyi ng a volpcageoemoishe word
line and/or bit line in question such that a potential difference is
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dependent on the polarity. This method for readout which in practice has
shown to be the only one that can be performed, is destructive in the sense
that it destroys the original data content stored in the cell when the
polarization stated thereof is switched to the polarization state of the opposite
25 polarity. This provides a reliable detection of the logical value, but it implies
also that the original logic value as is the case must be rewritten to the cell by

performing a write operation as mentioned above.

Both in writing and reading to the cell it is necessary with relatively large

potential differences and in a passive matrix this in addressing operations to
30 an individual cell causes disturb voltages and sneak currents in the passive

network of the cells, such that their polarization state can be influenced. If

addressing shall take place in parallel to several cells, e.g. all cells connected

with a particular word line, the problem is amplified by disturbs in the

passive matrix-addressable network and the problem is aggravated further by
35 the matrices being large, e.g. with several million cells.



passi ve matri x-addressabl e network and the problemis aggravated further by
35 the matrices being large, e.g. with several mllion cells. W 03/046923
PCT/ NO02/W033946943 The obj ect of the present invention is ParsNG/oedsyi at e
the probl ens caused by non-destructive readout of cells in a passive

mat ri x- addr essabl e devi ce, and particular4y the object is to elimnate

di sturb voltages and sneak currents which influence the non-addressed
cells in the passive matri x-addressabl e 5 device_duri a read operat.i.on.
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5 the charge values in th I n
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that in the nmethod according to the invention four different voltage
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according to the voltage pulse protocol, said voltage pulse protocol

20 comprising timing sequences for the electric potentials on all word and bit
lines, whereby a word line at least during a part of the read cycle is activated
by an applied potential which relative to the potential of all crossing bit lines
at least corresponds to the voltage V; and the logical value stored in
individual cells connected with the active word line determined by detecting

25 the charge values in the detection means.

In the method according to the invention it is regarded as advantageous using
sense amplifiers as detection means.

It is also regarded as advantageous that in the method according to the
invention four different voltage values are used in the control of the

30 electrical potentials, and in that connection the voltage values 0, V/3, 2V,/3
and V; are preferably used.

The above-mentioned objects as well as further features and advantages are
also achieved according to the present invention with a device which is
characterized in that the word lines and bit lines are connected with a control



characterized in that the word lines and bit |ines are connected with a
control WO 03/046923 PCT/ NO02/ 00389 5 neans which controls el ectrical
pot ent i alwoaa/oadok3 word and bit lines in a tinme-coordi nat @dTmeomen3sand

i npl enents a voltage pul se protocol conprising timng sequences for the
electric potentials on all word and bit |Pnes, said control device being
adapted for activating a word line during at 5 | east a part of the read
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fig. 1 shows the hysteresis loop for a polarizable material, in casu a
ferroelectric memory material,

fig. 2 schematically a passive matrix-addressable device,

20 fig. 3 a first embodiment of a voltage pulse protocol for full row read with a
subsequent rewrite/refresh cycle, and

fig. 4 a second embodiment of a voltage pulse protocol for full row read with
a subsequent rewrite/refresh cycle.

Fig. 1 shows the hysteresis loop of a polarizable material. Generally will

25 ferroelectric and electret materials have hysteresis loops of this kind. In the
hysteresis loop ~P, and +P, respectively denote the positive and negative
remanent polarization, while P; shown on the y axis is the so-called
saturation polarization. On the x axis —V, and +V, respectively denote the
positive and negative coercive voltage, while V denotes a selected switching

30 voltage larger than the coercive voltage V. and the value of 1/3 V, indicates
according to the present invention a fractional voltage level which is a part of
the voltage pulse protocol used and shall be discussed further below. If it is
supposed that the polarizable material initially is unpolarized, it is polarized



6 by applying a voltage, e.g. substantially larger than V, and preferably
corresponding to V. The polarization will then nove fromO till it reaches
t he poi ntwB33momesehe hysteresis |oop. This point indicatespPdiandemonssel ectric
or electret saturation polarization PS of the material and it is then of
no use 5 increasing the voltage further. VWen the applied voltage is
renoved, i.e. a zero potential now |ies over the polarizable material, the
pol arization Pwll drift back along the hysteresis_|oop, to the remanent
or permanent Motpplying powitage. wgersebsmatlng}gtlétigégitgam oAt peedeablpe y axis.
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voltage as the active word line, such that the potential difference over these

cells thus becomes equal to zero.

Fig. 2 shows schematically an embodiment of the passive matrix-addressable

25 device. A first electrode set consists of parallel electrodes WL which form
word lines in the matrix. It may e.g. be m such word lines WL. A second
electrode set consists of parallel electrodes BL which crosses the word lines
WL orthogonally. The former are bit lines BL of the matrix and can be
provided in a number n such that an m-n matrix is obtained. Each of the

30 electrode sets is provided in respective parallel planes and the polarizable
material can be provided as a global layer in sandwich between the electrode
sets, possibly above the electrode sets if word lines WL and bit lines BL are
provided in bridged arrangement with a mutual interlayer of insulation in the
crossings. Thus a matrix-addressable device is obtained where each single

35 cell now is defined in the active material which is located in or at the
crossings between the word lines WL and the bit lines BL. This passive



WD 03/ 046923 PCT/ NO02/ 00389 7 addressable matrix hence becones a matrix
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addressing. These are not shown, but their7 5 use in both active and passive
mat ri x- addr essabl e devices is vveI | -known to persons skilled in the art and
they are hence deleted in fig. 2. Further is each of the bit lines
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cycl ohexanone or net s of the

etq enpodi rren
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protocol with voltage |evels Sandtlrre rrarkln‘?rbﬁﬁfor poi nt's
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shown. Accor diipgifierstde vol tage puI se protocol in fig. 3 all

20 In a preferred embodiment of the device for performing the method
according to the invention the polarizable material is a ferroelectric polymer.
Any ferroelectric polymer material can be used, including but not limited to
polyvinylidene difluoride (PVDF). As further examples can be mentioned
polyamides (odd nylons), cyanopolymers, copolymers of vinylidene

25 difluoride (VDF) and trifluoroethylene (TrFE), polyureas, polytiureas,
biopolymers such as polypeptides and cyanoethyl celluloses. The
ferroelectric polymer thin film can be deposited by use of well-known
methods such as spin coating, e.g. deposition of VDF-TrFE (75/25)
copolymer from a suitable solvent, e.g. dimethyl formamide (DMF),

30 cyclohexanone or methyl ethyl ketone (MEK).

Now various embodiments of the method according to the invention shall be

discussed. A first embodiment is illustrated by the diagram in fig. 3 which

shows a voltage pulse protocol with voltage levels between 0 and V and time

markings for points in time and numbered from 0 to 6 at the upper edge of
35 the figure as shown. According to the voltage pulse protocol in fig. 3 all
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inactive bit lines on V¢/3. Only the potential difference between an active
word line AWL and a bit line BL activated for refresh will hence be equal to
V,, while all inactive word lines IWL are kept on the same potential, e.g.

25 2V/3 and all inactive bit lines correspondingly on the potential V¢/3. The
potential difference between inactive word line and active bit lines will hence
be substantially less than V and this contributes to reducing disturb voltages
or capacitive couplings etc. in the matrix during the addressing operation for
rewrite.

30 As will be seen, four voltage levels are used, viz. 0, V¢/3 and 2V,/3 and V; in
the voltage pulse protocol in fig. 3. The fractional levels of the voltage V;,
1.e. V4/3 and 2V/3 follows from a so-called voltage selection rule or scheme
which is used for modifying the pulse protocol with selected voltage values
between 0 and V/3 in order to reduce disturb voltages and sneak currents

35 and other circumstances which may influence the polarization state of the
memory cells in a detrimental manner. In the present case the selection rule
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rul e WD 03/ 046923 PCT/ NO02/00389 9 wused is a so-called 1/3 selection. It
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can be present on all word and bit lines in the matrix during an

addr essi ng operation. Regarding the t heor & i cal background for—the use of
vol tage pul se protocols 5 and voltage sel ection rules reference can be

made to the present appljca lan patent No. 312

furni shes t hésqcﬁéso‘h?od%‘altﬁél {}ggqél b’*r%‘?so"a]bllestoasrli’(ﬂ’w Huat &%2é¥kh%dependent

of whether thfinafldfrescdrage Yofdake tlaskﬂ wRichCearf Be phRcHevt dralll Gl indrbisever al

cells in parfllel LN Iaraé ass ve trix-addr ssable menory devices with
4D

a ferroel ect FPES & the Mmatpdurigpy ad Efsﬁﬁ’cge?i’%ﬂa 10Bt 9. 4 shows anot her

vol t age pul se protocol accordi ng to the invention and wth correspondi ng
mar ki ngs of Begardingriheitheorepicgbbackarouneé fosthe aempl vobirgagalicepiatecelsom 0
to VS aryl th SR ECE fFbrice lef éHt i t

pr ot ocolrgj| &Q/Ogﬁgg\%vqgﬁj&%mré@ﬁcf nes :jfnd&[gl lpéjﬁlagles&whgg}rﬁ% ce 1 ﬁn S he

matrix are rb@aw(sglw peicah No- 8 1ReGR9 vihieh dusnishasnthevibpergal veltage PH#S§ has

the advant agﬁrdtB@Bls‘ éhcﬁﬂle%dag@%ﬁawem% @tflvﬂﬂbthef tHeeé’&Hr‘éésM’g'shﬁllttﬁké
vol tage |eve| whi se rmnust to an active word

an
line AW or P eé@tmdéwSP@f/ £l HeOBReNGIR CEH@ %B%r@éiﬁ F%Ilf}rﬁelpe?@%“’lehan VS, e.g.

at nost anmpupat#iQ-addfessabl@hfbm ngé\aaes Wiflt § féttbBlcehyd oHel R MEEesy W t h
regard o di sturb 0 voltages and sneak currents in the network and w |

si mul t attbousMAt¥d@uce the access tine. Hence the active word line in the
read cycle of the protocol switch fromVS/ 3 to VS at marking 2 and the bit
| i nes from VBIB 4 shews anotturtvadtagegiutet protesabhgcartding inthst inveniiondand nes

W are set Wthz%ﬁeéé&%ﬁcﬁﬁg rﬁl%?%l Qf"go Eif it /QQOHHESegﬁéBﬂEesdﬁ\frer ence

bet ween i nactive wor I nactive bi a read

cycl e which ¥aliage lpels drarad tonV, pad dhe sp-called k/arschentianande, utadiéfasgnt
setting all mmtﬁ@glr&bkoii ﬁgsgafdwtaﬁ JVB 1ifb% %ﬁ&@‘ﬁ% 111494, W‘ﬁ n6oESiand in

t he cyclefor rew or re azerov tage.is ?the active
word 1ike Avthe pattis areseador waitkin anqlﬁ@?stcslaﬂwmenhmakég%éfs Frebishagel | s

whi ch shal | @g s@esita étﬁﬁflh%hﬁmregﬁng%tpeaémsmo@ﬁéaraqsremﬂt@khlv,vdl eicitly
with the appor:éz@_l polarity in order to cause the actual, reset

i nactive bit9 ich 1 anyfsse Mt he FYHicks 8 &9 |a§ e\%!é{ﬁé%i lihg A WInOE na |

take place, aﬁfacﬁeetblonn&’ﬁﬁ withbd subsraetialve levarttah iViee.d. \ak nass? arﬁ@lﬁnttt@
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and 20 voltages and sneak currents in the network and will simultaneously reduce
the access time. Hence the active word line in the read cycle of the protocol
switch from V/3 to V; at marking 2 and the bit lines from V/3 to zero
voltage. Simultaneously also inactive word lines IWL are set to zero voltage
such that there are no potential difference between inactive word lines IWL
25 and inactive bit lines BL. After a read cycle which can be performed in
parallel, the refresh takes place by setting all word and bit lines back to the
quiescent voltage V,/3 and in the cycle for rewrite or refresh a zero voltage is
applied to the active word line AWL, while the active bit lines BL which
. addresses memory cells which shall be reset or refreshed are set at the
30 potential Vg, implicitly with the appropriate polarity in order to cause the
actual reset. The inactive bit lines, i.e. those which contact cells where no
refresh shall take place, are kept on V/3, while inactive word lines IWL are
set to 2V/3. The potential difference between the inactive word lines and an
inactive bit line will hence be V¢/3 and between the inactive word lines and
35 an active bit line similarly V¢/3, while the potential difference between the
active word line and the active bit line for rewrite of course now becomes



35 an active bit line simlarly VS/3, while the potential difference
between the active word line and the active bit line for rewite of course
now becore® 03d33 046923 PCT/ NC02/ 00389 10 equal to VS (paIsNdsRypo3sys). The
potential difference between an active vvord line AWL and an inactive bit
line where no rewite takes place is vs/ 30 The vol t age pul se protocol in
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connecti on on-suc . a gr adual
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| on
shal | gbe perartbmgjenly prov1ded the conditions for pe?form?ng aads%r called' ?ul? rowrea 4
achieved, namely a potential V; over each cell on the active word line and
zero voltage over the non-addressed cells on the inactive word lines IWL. It
shall also be possible to apply a substantially higher voltage than V in order
25 to activate the cells, without this being able to influence the remanent
polarization state of the memory material. It shall in that connection also be
noted that a phenomenon such as fatigue, i.e. a gradual reduction of the
remanent polarization values of the memory cells, shall aggravate and cause
problems for reading of the cells. Also so-called "imprint" will be manifest,
30 i.e. the circumstance that the cell which for a long period of time has been in
a particular polarization state will be disposed to maintain this polarization
state and hence require high voltage or longer voltage pulses when a possible

addressing of operation shall be performed.

Full row read hence is performed when all bit lines BL in the passive matrix
35 are read during the same read cycle with the use of a suitable voltage pulse
protocol. Only one of m word lines is active during the same period of time



Full row read hence is perfornmed when all bit lines BL in the passive
matrix 35 are read during the sane read cycle wwth the use of a suitable
vol t age pwiba/04¢9edt ocol. Only one of in word |lines is actipca/NDRionggot he
sane period of time WO 03/046923 PCT/ NO02/ 00389 11 where all n bit lines
BL are active. In order to achieve this édch bit line in the matrix nust
be connected with a sense anplifier. Full row read can be used when a
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used as a sensor device such .that t odical v Qr eac
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sensor device. In principle there wll however, be no di_ffere(q(ie W th

t

regard to t heometadout bfdataeti pefeatial difésrcasaibelveen hsrHWIVORIIHE cell in

the one appl A&&f 1.9 @ BiPFin®E BT is set on the potential V,, which will cause charge
to flow from the cells and to the contacting bit lines. The charge value (or
current) depends on the polarization state of each cell and is detected by the
sense amplifiers, one for each bit line. By using appropriate measuring
circuitry, the logic state of each cell can hence be determined.

25 As stated in the introduction of the application, the passive
matrix-addressable device may be a memory device and applied to storage of
data such that the polarization state in each cell either represent a logical 1 or
a logical 0. A corresponding device can also be used as a sensor device such
that the logical values being stored in each cell are assigned to the value of

30 each single sensor element of the sensor device. In principle there will,

_ however, be no difference with regard to the method for reading and
refreshing data stored in the cell in the one application or the other.



WO 03/ 046923 PCT/ NC02/ 00389 12 CLAIMS 1. A nethod for reading a passive
mat ri x- addr essabl e device, particularly a nenory device or a sensor device
wi t h i ndiwodaakdog3 addressabl e cells for storing a |ogi calPCTaNQee/08389gi ven
by charge value set in a cell, wherein thz 5 device conprises electrically
pol ari zabl e material exhibiting hystere5| particularly a ferroelectric
material, wherein the device conprises a first and a second el ectrode set
with parallel electrodes which respectively formword |ines and bit |ines
in the devi &AM ein the word Iine el ectrodes (W) and the bit Iine

el ectrodes (BL) are provided nutually orthogonal and contacting ﬁ

pol ari zabl e lmat erA atethod dpposdding srdsaivesmafer-adtressable ‘ﬂ%ff‘eaﬂ?ﬂit’é‘vé qriy of

the device Crﬁ?morg%&?c%a&ﬁ‘%n%}dr‘?f‘ev%é WAL Ry ATl Restdres YO LUITE fof L he

pol ari zabl e "ma e crossjngs between word |ines .and bit
lines, whestiningadegical yalugaggip X:ﬁlhallg@ pe gt Bha cgH, PRSTHEI eI zati on

states or %‘é‘v cceh@&ln@fifslé‘@%réc J}@eﬁ@y BMIa@%lbYé ﬁﬁaténxpéilﬁgﬁlﬁ@hyﬁeg@ist han the

coercive 15 voltage err) o t et ween

(W) and a martlcmhanlaq&lyoma?r&mﬂg@ﬂ% h& Fln VéF%CQMISSFPa’TWé‘“(‘BL)

i SI ;:onnect fq é’é!cbﬂéiaelecﬁ%@fEé@@ltﬂﬁﬂlgﬁllel\/\fl%ﬁbﬁﬁé Pﬁnﬁl@fr CCWGW fores veord

vol t age pul se protocol. w a read cycle. s ans
duri ng tﬁe rlk!’(?g adchis linesdpithe deNifcy det ik WBE &f ?‘E%Oé\ Q\yﬁgta@ bi t
i neh( BL) a@ﬂe%ﬁﬂ lifie %%Utﬂﬂfde@»l I {B¥) tafte%?oifhieﬁ Itmutualll)nerthagdnmlfmrcbcannuahanget hod
is c ar cter ze ntroll. el ec ot enti a

lines i h %‘yé%gfqtgF ﬁg@t@gaﬂghﬁgposaﬁec%quﬁeg %Sr?ifegk}%lﬂlléagt\éﬂé %Ieﬂg%fb[h[e

protocol, SQied'lceVQd)ﬁl@ﬁﬁewa Sélt@ﬂ'—ﬁk@@ﬂiuctmprd&ﬂﬂ@@ ini avolpseqfiéinces for the
el ectric potenti.al

nd bit t
| east durind a‘ﬂé?‘ésled?atteﬁ@l 38 of ggg‘l%C%(%Sélf}%@%ﬁ@‘éﬁﬁ&@%hﬂew[s@b}lﬂ ngé
potential whilkéreirehatcl v the dehacepoambmsat to oheanlfltmmlsrlagtlbntstatﬁﬁ@g at
| east th t
i vi dual © oarirgres feruiEaRere BT AEARE 4 DOUALEVE Rurecl ShAf i CBGLID
det ect il6g th&)ltdmr‘gjgoﬁahmpslarrzatbﬂmnmé@maltb@wm&woré ling (WLnsa aﬂ:bﬂr di ng
toclaim L. it (9E) aaafégg@gt&yc&ﬁl @é@@aﬁbgrrg{e (BES iPSofiRicrsd bt geans.

3. A net hod acterl ze usi n i)ur di fferen
vol t age val ukegection hma@'snwmrelnfth@ m@eth@dé@mprésw éﬁltﬁ&q? PUISEy eyd

PCT/ NCD2/ 003a8196ad1c?yc1e such that each detection means during the read cycle detects

charges flowing between its associated bit line (BL) and cells connected with

20 this bit line, and wherein the method is
characterized by controlling electric potentials on all word and bit lines in a
time-coordinated manner according to the voltage pulse protocol, said
voltage pulse protocol comprising timing sequences for the electric potentials
on all word and bit lines, whereby a word line at least during a part of the

25 read cycle is activated by an applied potential which relative to the potential
of all crossing bit lines at least corresponds to the voltage V; and the logical
value stored in individual cells connected with the active word line is
determined by detecting the charge values in the detection means.

2. A method according to claim 1,
30 characterized by using a sense amplifier as detection means.

3. A method according to claim 1,
characterized by using four different voltage values in the control of the

electric potentials.
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al | cra$si ngnitetial imes anth¢ erssingsrbeswisondsondolineeand bitalgacs/syhersin appl i ed
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accordi ng t betwaemtbesedsy epplyang ervalengei ¥is langethascthegipereivgsy qlgge ¥ekg
sense anpl | fthgrp%iarizable material between a word line (WL) and a bit line (BL)
addressing the cell, wherein each bit line (BL) is connected with a detection
20 means, wherein the method comprises a voltage pulse protocol with a read
cycle such that each detection means during the read cycle detects charges
flowing between its associated bit line (BL) and cells connected with this bit
line,
characterized in that the word lines and bit lines (WL;BL) are connected with
25 a control means which controls electrical potentials on all word and bit lines
in a time-coordinated manner and implements a voltage pulse protocol
comprising timing sequences for the electric potentials on all word and bit
lines, said control device being adapted for activating a word line (WL)
during at least a part of the read cycle, such that a potential which relative to
30 the potential of all crossing bit lines at least corresponds to the voltage Vs, is

applied to this word line (AWL).

6. A device according to claim 5,
characterized in the polarizable material being a ferroelectric polymer.

7. A device according to claim 5,
35 characterized in the detection means (SA) being sense amplifiers.



