29 MAY 2006 1 A nethod for reading a passive matrix-addressable Q&MACY[E & d a
device for perform ng the nethod The present invention concerns a ne %10

for reading a passive natrix-addressable device, particularly a nenory
device or a sensor device 5 with individuglly addressable cells, for storing
a logical value as given by charge value set in a cell, wherein the device
conprises electrically polarizable material exhibiting hysteresis,
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and the bit line electrodes are provided nutually orthogonal and contacting
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of the device conprise pdalci.tor-ll.ke sfructures efined in a volune of the
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aroad oyel duaRkiah WFTORAPEdvAErURBiREr Bitband 2cirtaBaster EalkaRnE i rt ng
the read cygaaldet éeteodbamgsish frbgydctiyebefoveeworidt linessnd bit kdedirt tHe ne and
Cel 1 GO0l 3 b e Rl PE AT TBEL 00,440 19 oeuences
cycle a sel grbeiietdomathalie obthogophl amd cantactinggbe pelurizable matsialequal to Vs
(Pt eLo 2N SeRl S, HRECYOALARS LENP Ry ELbuSHRIR s Mhahebs, cauel 1 ©
with the actdapacitor-tikiei steuataresbdefiteddima veduy afgheqidlagzableanateyealinlare on
he eoRect AP kol A b AdD RRRRHD SRR SEABRBAR L  n BEAS
conpri d6ng aanebe estitooynd ef two podawizatiowg statésoorswitched fetwees thestby n 30 the
220, oYcL e Y L8uel A el g SRS IR P B2,
devi ce wi t h matdrial betveyn addoss Hablandcebltdind addressingnheacdlhgvbaieiv ahete as
g ven by N9 Rk3h 5nFiicy B hbust DR FkRs: WhEALER.SURK Ridesiey o
f erroel ect riwwltage pulse protocol with a read cycle and a write/erase cycle, wherein
20 each detection means during the read cycle detects charges flowing between
its associated bit line and cells connected with this bit line, said method
comprising timing sequences for the electric potentials on all word and bit
lines, activating in a read cycle a selected word line by applying a voltage
level at least equal to Vg thereto and keeping the voltage level on all crossing
25 bit lines equal to 0 or vice versa, whereby the logical value stored in each
cell connected with the active word line can be determined by detecting a
charge value on the respective bit line in its associated detection means while
keeping all inactive word lines at voltage level 0 or Vg as applicable; said
method comprising a refresh cycle for rewriting information that was lost in
30 the read cycle; 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 device comprises electrically
polarizable material exhibiting hysteresis, particularly a ferroelectric
35 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



35 material, wherein the device conprises a first and a second ebegiAYseset
with parallel electrodes which respectively formword lines and bit |ines
in the device, wherein the word Iine electrodes and the bit Iine el ectrodes
are 29 MAY 2006 2 provided nutually orthogonal and contacting the

pol ari zabl e material at opposite surfaces thereof, such that the cells of
the device conprise capacitor-like structures defined in a volune of the
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20 Particularly the present invention as mentioned above concerns a method for
reading all cells connected between a selected word line and the crossing bit
lines in parallel, a so-called full row read. This is known from among other
US patent No. 6 157 578 which concerns a device and method for accessing a
row of data in a semiconductor memory device in one single operation, in

25 other words, in parallel.

As an example of the state of the art concerning active matrix-addressable
devices, reference can be made to A. Sheikholeslami and P. Glenn Gulak,
"Survey of Circuit Innovations in Ferroelectric Random-Access Memories",
Proceedings of the IEEE, volume 88, no. 5, pp. 667-689, May 2000. This

30 paper discloses active memory devices and methods for their addressing and
particularly active ferroelectric memory devices of the kind wherein each cell
is realized as a capacitor-like structure connected in series with a so-called
access transistor which controls the access to the capacitor. The material in
the capacitor-like structure is a ferroelectric material which can be polarized

35 and exhibits hysteresis. Such active memory cells connected with a transistor
are called cells of the type 1T-1C, but may also comprise two transistors and



is realized as a capacitor-like structure connected in series W $dway 2006
so-called access transistor which controls the access to the capacitor. The
material in the capacitor-like structure is a ferroelectric material which
can be polarized 35 and exhibits hysteresys. Such active nenory cells
connected with a transistor are called cells of the type IT-1C, but may

al so corrprlse two transistors and 29 MAY 2006 3 two capacitors etc.
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sufficiently large potential difference corresponding to a voltage
di fference \a passble mattix{addressgble miearoryateviceseall cells, e.g. the memory cells
of a memory matrix, will all the time be connected in the network formed by
20 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
forming the capacitive structure. A single passive cell of this kind is
addressed by applying a voltage on the word line and/or bit line in question
such that a potential difference is obtained over the memory cell between
25 these electrodes. Depending on the value of the potential difference it will be
possible to influence the polarization state of the cell, e.g. by setting a
permanent positive polarization in the cell or a permanent negative
polarization in the cell. By applying a sufficiently large potential difference
corresponding to a voltage difference Vg which must be larger than coercive
30 voltage V¢ of the ferroelectric material, it will be possible to switch from one
polarization state to the other.

Writing of data in a cell of this kind comprises polarizing a virgin cell, i.e. a

non-polarized cell, to one of the two permanent polarization states or

reversing the polarization which already has been set in the cell by switching
35 it from a permanent positive to a permanent negative polarization state or



30 voltage VC of the ferroelectric material, it will be possibleyégSywdgsh
fromone polarization state to the other. Witing of data in a cell of this
ki nd conprises polarizing a virgin cell, i.e. a non-polarized cell, to one
of the two permanent polarization states gr reversing the polarization

whi ch al ready has been set in the cell by switching 35 it froma pernmanent
positive to a permanent negative polarization state or 29 MAY 2006 4 vice
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20 with a particular word line, the problem is amplified by disturbs in the
passive matrix-addressable network and the problem is aggravated further by
the matrices being large, e.g. with several million cells.

The object of the present invention is thus to obviate the problems caused by
non-destructive readout of cells in a passive matrix-addressable device, and

25 particularly the object is to eliminate disturb voltages and sneak currents
which influence the non-addressed cells in the passive matrix-addressable
device during a read operation. Further it is also the object to perform
reading of several cells in parallel and in particular the so-called full row
read, such that all cells connected to a word line can be read in parallel, but

30 with a minimal disturb of the remaining non-addressed cells in passive
matrix-addressable devices.

Finally it is also an object of the present invention to obviate corresponding

problems connecting with writing to such cells in a passive

matrix-addressable network and then particularly rewrite to read cells after
35 the read operation such that the original polarization state before reading of



read, such that all cells connected to a word line can be read i 59 Rg{¥bdoel .
but 30 with a mninmal disturb of the remaini ng non-addressed cells in
passive nmatrix-addressable devices. Finally it is also an object of the
present invention to obviate corresponding problens connecting with witing
to such cells in a passive matrix-addressable network and then particularly
rewite to read cells after 35 the read operation such that the original
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In the method according to the invention it is regarded as advantageous using

20 sense amplifiers as detection means.

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
means controlling electrical potentials on all word and bit lines in a

25 time-coordinated manner according to a one-third voltage selection rule and
implementing the voltage pulse protocol with four voltage levels 0, Vg/3,
2Vs/3 and Vg referred to a zero potential and comprising timing sequences
for the electric potentials on all word and bit lines, said control means
rewrites information by either resetting any cell that had it polarization state

30 changed in the read cycle, by once more activating in write/erase cycle the
selected word line by applying a voltage level at least equal to Vg thereto and
keeping the voltage level on al bit lines connected with the cells to be reset
equal to zero while keeping all inactive word lines on 1/3 Vg and all inactive
bit lines on 2/3 Vg, or by applying a voltage level equal to zero thereto and

35 keeping the voltage level on all bit lines connected with the cells to be reset



for the electric potentials on all word and bit |ines, said cont2®OMAEHS
rewites information by either resetting any cell that had it polarization
state 30 changed in the read cycle, by once nore activating in wite/erase
cycle the selected word |ine by applyingga voltage |evel at |east equal to
Vs thereto and keeping the voltage level on al bit lines connected with the

cells to be reset equal to zero while keeping all inactive word |lines on
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with a SUbSI?%Fr%Qtth%%IInt e/refresh cycle. Fig. 1 shows the hysteresis |oop

of a polariza materral. Generally will 20 ferroel ectric and el ectret
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whil e Ps shaefroeledttie nie@or$ matetidg so-called sat ur ation polarization. On
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t he present |nvent on a fractional vaoltage |evel which is a part of
P 15 fig.3 a fIll‘St embodament ofa voltagegpulse protocol for full roI)N 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

20 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 Pg 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 Vg denotes a selected switching

25 voltage larger than the coercive voltage V¢ and the value of 1/3 Vg 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
by applying a voltage, e.g. substantially larger than V¢ and preferably

30 corresponding to Vg. The polarization will then move from 0 till it reaches
the point Pg on the hysteresis loop. This point indicates the ferroelectric or
electret saturation polarization Pg of the material and it is then of no use
increasing the voltage further. When the applied voltage is removed, i.e. a



t he vol tage pul se protocol used and shall be di scussed further bed oy 2dosl t
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provided in a 1nu[gber n _such tb‘?i an.nmm matrix is obtained. Each of the 25
el ectrode setlSRUS PSGPHES SHHAT EQ AET9-i ve parallel planes and the pol arizabl e

mat eri al can be provided as a gil obal | ayer in sandwi ch between the el ectrode
sets, possi Hiig. Asheavs sehematieal boan satbpdimenppd the passive magixypddraspalleBL

are 20 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

25 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

30 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
addressable matrix hence becomes a matrix with m-n addressable cells (the
matrix may of course be square such that m = n). Both word lines and bit
lines are connected to common detection means as well as driving and

35 control circuits for selection and addressing. These are not shown, but their
use in both active and passive matrix-addressable devices is well-known to
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polyvmylldene d1f1uor1de (PVDF). As further examples can be mentioned
polyamides (odd nylons), cyanopolymers, copolymers of vinylidene
20 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),
25 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

30 the figure as shown. According to the voltage pulse protocol in fig. 3 all
word lines WL and bit lines BL of the device are kept on a quiescent voltage
equal to 0 when no addressing operation takes place, i.e. when no cell in the
matrix is read or written to. During the read cycle the voltage Vg between the
time markings 1 and 2 is applied to an active word line AWL, while the

35 inactive word lines IWL are kept at zero potential. In a cell which is in the
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potential difference between inactive word line and active bit lines will
hence be substantially less than Vg and this contributes to reducing disturb
voltages or capacitive couplings etc. in the matrix during the addressing
operation for rewrite.

25 As will be seen, four voltage levels are used, viz. 0, Vg/3 and 2Vg/3 and Vg
in the voltage pulse protocol in fig. 3. The fractional levels of the voltage Vs,
i.e. Vg/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 Vg/3 in order to reduce disturb voltages and sneak currents

30 and other circumstances which may influence the polarization state of the
memory cells in a detrimental manner. In the present case the selection rule
used is a so-called 1/3 selection. It is possible to show that Vg/3 is the
minimum average voltage level which can be present on all word and bit
lines in the matrix during an addressing operation.

35 Regarding the theoretical background for the use of voltage pulse protocols
and voltage selection rules reference can be made to the present applicant's
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20 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 Vg/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

25 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 Vg/3, while inactive word lines IWL are
set to 2Vs/3. The potential difference between the inactive word lines and an
inactive bit line will hence be Vg/3 and between the inactive word lines and

30 an active bit line similarly Vs/3, while the potential difference between the
active word line and the active bit line for rewrite of course now becomes
equal to Vg (possibly —Vs). The potential difference between an active word
line AWL and an inactive bit line where no rewrite takes place is Vg/3.

The voltage pulse protocol in the embodiment shown in fig. 3 provides a very
35 simple read of the matrix-addressable device and this implies that the not
shown driver circuits for the word lines and the bit lines WL;BL can be made
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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

25 "imprint" will be manifest, 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

30 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
where all n bit lines BL are active. In order to achieve this each bit line in the
matrix must be connected with a sense amplifier. Full row read can be used
when a matrix for some reason is divided in a number of submatrices. The

35 concept full row read is hence meant to include the circumstance wherein all
cells on a complete word line in a submatrix are read during the same read
cycle. The full row read provides a number of advantages compared with
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detected by the ense a fiers, one for each bit line. By using
appropriate A5%ated 1 the introduction of the application, the passive
20 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
each single sensor element of the sensor device. In principle there will,
25 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.



circuitry, the logic state of each cell can hence be determ ned. 26\ 4Y¥ 360
in the introduction of the application, the passive 20 nmatri x-addressabl e
device may be a nenory device and applied to storage of data such that the
pol ari zation state in each cell either rqg,resent a logical 1 or a logical

0. A correspondi ng device can al so be used as a sensor device such that the
| ogi cal values being stored in each cell are assigned to the value of each
singl e sensqrp gigent of the sensor device. In principle there will, 25
however, be no difference with regard to the nmethod for reading and

freshi t i,n th |l in th i cati t 29
WY 2006 53 Tt a v Tt Tok Eadifisia bl 6 p s AREI b SOUE hefled, i Bbllay
devi ce, par ta mehsoryydevacerermarsender deeicorwith sedivodualdy addrasisablei mils/folutual |y
dd bl .l.s far. stonri .1 00 i e set
T nooerr, g 8 Beicd IO s RiydiEby Tt YRR ool SREIHE (S LS O
exhi bi t 6ng Hestier esinprisepaiddtrichHy Ipplaritahle oedtecial eshrtrtiogi hytstenehiss ei n t he
Jovi : . o
ol ect rodes it ORuRely A XbrBRfEsuts REAGHH, S RELEHE: GELic cdBASE A rst and
wher ei n t he asercdnldi electebde sebueth patb)lehntectiddesbvhichi nespedtecely foem wBtd are
i ded mutjual | | = ont act ik i.zahl i al at
boposi te sulliedhd it BRR R BUCT PLrel e Wbl IR BfeLaaet (WE Phhg
capaci t or - | itke bst line teleasodist (Bledatenprvidedimaitoally losthqgeinal andisioatasting i al
( h . ‘ Y ) .
e dedPce 1§ ARIIAbTe IRANERD At BEHostP SErA0 Hicheot ith HUPEIELAICOFRG o0,
t hese by appleyierycempsiseappavior-dikgestrudiurest definabirchwolumef thgge Ve of the
| ari zabl i al ARY b (il -
Ddr ess, ng thaaizpile AR InBrlifle ok ARiAYThotriBid linesidl bitines.
det ecti on neuhercimperedi m theedemicngan bsmistite @nepfiove pglarpratian gatrsodlol with
d I i : i i durin
the read cycr st BHINENTHASE by dyint L el i VB e TRRRERE . (B
20 and l8el | valtagee¥t od the elamzablgimateriad between aayorstline dPpyi- 3 g athiti ng
¢ . ; = IRt Cvati ng
T a read cing (BLF aBftdsin PHeEH) Afieidih Shch B B TALY IS cohfECiedatihee
equal to Vdleteetien means, waspeingheaeihoidt cosepiiseses vohtage pudse paetegobmith i nes

equal 10 0 gfreqd %’%lé’ Cmfla Wﬁ&?@ﬂ%ﬁﬂc?@lé, Hain é’z?étP&ﬂ%bﬂbﬁ%EQn@éﬁﬂn%e' !

connected with the 25 active word e .can be determ ned b(ybdtelteCEIIBIrl a
it line

char ge val udhggeadgycle detects charges flowing between its associate

20 and cells connected with this bit line, said method comprising timing
sequences for the electric potentials on all word and bit lines, activating in a
read cycle a selected word line by applying a voltage level at least equal to
Vs thereto and keeping the voltage level on all crossing bit lines equal to 0 or
vice versa, whereby the logical value stored in each cell connected with the

25 active word line can be determined by detecting a charge value on the
respective bit line in its associated detection means while keeping all inactive
word lines at voltage level 0 or Vg as applicable; said method comprising a
refresh cycle for rewriting information that was lost in the read cycle,said
method being

30 characterized by controlling electric potentials on all word and bit lines in a
time-coordinated manner according to a one-third voltage selection rule and
implementing the voltage pulse protocol with four voltage levels 0, Vg/3,
2Vs/3 and Vg referred to a zero potential and said refresh cycle rewrites
information by either resetting any cell that had its polarization state changed

35 in the read cycle, by once more activating in a write/erase cycle (4, 5 in fig.
3; 6, 7 in fig. 4) the selected word line by applying a voltage level at least
equal to Vg thereto and keeping the voltage level on all bit lines connected



respective bit line in its associated detection nmeans while keep%gg{@tho 6
inactive word lines at voltage level 0 or Vs as applicable; said net od0
conprising a refresh cycle for rewiting information that was lost in the
read cycle,said nethod being 30 charact e1r4 zed by controlling electric
potentials on all word and bit lines in a tinme-coordinated manner according
to a one-third voltage selection rule and inplenenting the voltage pul se
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voltage level on all bit |ines (wrlte "1" BL) connected with the cells to
be reset at 3. eastA&net@odlado@rd/mg\Md ¢laitkdepi ng all inactive word lines (IW)

on 2/ 3 Vs an n ive bit |ines Lfe, "0" 3 Vs. 2. A nethod
accordi ng tqu%ﬁtﬁ{lfe& AHBL & 184 W%F%ﬁs gggegﬁbél lﬁﬁﬁ#fl er as detection
means. 3. A device for performng the nmethod for reading a passive 10

mat ri x- addr essabl& deaiee Eor prifermingtheymgthadnnregding a pessiyesensor devi ce
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coerci ve volmha@eia¥@t opposite surfaces thereof, such that the cells of the device

comprise capacitor-like structures defined in a volume of the polarizable

20 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 Vg larger than the coercive voltage V¢
of the polarizable material between a word line (WL) and a bit line (BL)
addressing the cell, wherein each bit line (BL) is connected with a detection

25 means, wherein the method comprises a voltage pulse protocol with a read
cycle and a write/erase cycle, and wherein each detection means during the
read cycle detects charges flowing between its associated bit line (BL) and
cells connected with this bit line, said device comprises control means being
adapted for activating in a read cycle a selected word line by applying a

30 voltage level at last equal to Vg thereto and keeping the voltage level on all
crossing bit lines to 0 or vice versa, whereby the logical stored in each cell
connected with the active word line can be determined by detecting a charge
value on the respective bit line in its associated detection means while
keeping all inactive word lines at voltage level 0 or Vg as applicable; said

35 control means, in a refresh cycle rewriting information that was lost in the
read cycle,



of the polarizable nmaterial between a word line (W) and a bit |ia14A8kboe
addressing the cell, wherein each bit line (BL) is connected with a
detection 25 nmeans, wherein the nethod conprises a voltage pul se protocol
with a read cycle and a wite/erase cyclpgs and wherein each detection neans
during the read cycle detects charges flow ng between its associated bit
line (BL) and <cells connected with this bit line, said device conprises
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| east equal to Vs, while keeping all inactive word lines (IW) on 2/3 Vs 15

and all inacfive Ride\z'iéé\ﬁécdﬂ&ﬁﬁgeo'éﬁ'inﬁk) on 1/3 Vs. 4. A device according
to claim3, characteri zed in the | ari za\bhgﬁmateri al being a ferroelectric
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A device according to claim 3,

characterized in the detection means (SA) being sense amplifiers.





