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| sta.te in the memory cell or is able to switch between the polarization states

. thereof, and wherein a read operation takes place by applying 2 S\_Nitching voltage Vs
“Jarger than the coercive voltage V. to the memory cell and detecting at least one
electrical parameter of an output current on the bit lines.

“The invention further concerns a method for readout of a memory device of this kind.

The invention also concerns the use of a non-volatile passive mainx memory

device in a volumetric data storagc apparatus.

Ferroelectric integrated circuits have revolutionary propert:es compared 1o
conventional technology. Applications include non-volatile information
storage devices, in particular matrix memories having advantages such as

high speed, virtually unlimited endurance and high write speed; properties

recent)y only dreamed of.

Ferroelectric matrix memories can be divided into two types, one type
containing active elements linked to the memory cells and one type without

active elements. These two types will be described below.

& ferroelectric matrix memory having memory cells in the form of

fervoeleciric capacitors without aclive access elements suci) 28 an 2ccess




A ferroclectric matrix menory having nenory cells in the form of
ferroelectric capacitors without active access el enents such as an_access 2
4 FEB 2005 2 transistor conprises a thin ferroelectric film witH aFE&g00bs
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essentially orthogonal set of conducting el ectrodes ("bit lines")
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di odes or ttpéln‘glltg{rtg:r ne,gkecyode o rroelectric capacitor 1s connected 1o the
source/drain region of the MOSFET and the other elecirode of the capacitor

1s connected to a so-called "drive line”. This is the conventional concept of
today and is often provided as one transistor, one capacitor {1T-1C) memory
cells. Other concepts are aJso well-known, including two transistors or more.
However, all these concepts increase the number of transistors compared to
the passive matrix memory, which imphies a number of drawbacks such as
decreasing the number of memory cells within a given area, with increasing
complexity and high current consumption. Herein, these types of devices are
in the following referred to as “active” matrix memories because of the

Zactive” element, i. e. the transistor in each memory cell.

The present invention is, however, solely directed towards passive matrix
memories without active elements, such as diodes or transistors that are

locally associated to the memory cell.

Read and write operations in passive matrix memories may be performed by
means of a so-called “partial word addressing”, whereby only a portion,
typically one of the memory cells on a given word line are read or written. To
accomplish such a partial read or write operation the non-addressed cells on




| ocal |y associated to the nenory cell. Read and wite operations in passive
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rectification and/or various forms of hysteresis.

In order to improve the performance of both active and passive ferroelectric
memory devices, the memory matrix can be internally divided, “segmented”,
into smaller blocks, so-called “segments”, for instance to reduce power
requirements. Normally this segmentation 1s transparent to a user. Another
reason for segmentation 1s the problem with ferroelectric capacitors that they
suffer from a so-called "“fatigue”, which means that after a ferroelectric
capacitor has been switched a large number of times, say several millions, it
cannot hold a remanent polarization and hence stops functioning. A solution
to this particular problem can be smaller matrix segments to avoid switching
an entire row of capacitors. This is disclosed for instance in US-A-5 567 636.
Another document describing a segmented memory matnx 1s Gary

F. Derbenwick & al., “Non-volatile Ferroelectric Memory for Space
Applications”,‘Celis Semiconductor Corporation, Colorado Springs. This
document describes a segmented memory matrix able to reduce power
requirements in an active matrix using a one transistor, one capacitor memory
cell architecture (1T, 1C).



to this particular problemcan be smaller matrix segnents to avoid
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negative attributes, such as disturbed non-addressed cells.

In the light of the above, it is an object of the invention to provide a passive
matrix memory device which solves the problem with disturbed non-
addressed memory cells. Another object of the invention is to provide a
passive matrix memory device which minimizes the influence of cumulative
signals from non-addressed cells during reading of stored data. Finally it is
also an object of the invention to provide a readout method in a passive

matrix memory device and compatible with the above-mentioned objects.

The above objects as well as further advantages and features are realized
with a non-volatile passive memory matrix device according to the invention,
which is characterized in that the word lines are divided into a number of
segments, each segment comprising and being defined by a plurality of
adjoining bit lines in the matrix, and that means are provided for connecting
each bit line assigned to a segment with an associated sensing means, thus
enabling simultaneous connection of all memory cells assigned to a word line
on a segment for readout via the corresponding bit lines of the segment, each
sensing means being adapted for sensing the charge flow in the bit line
connected therewith in order to determine a Jogical value stored in the

memory cell defined by the bit line.



The above objects as well as further advantages and features are realized
with a non-volatile passive menory matrix device according to the 74 FEB 2000
invention, which is characterized in that the word lines are divided into
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Preferably the gate means then comprises pass gates and preferably the
sensing means is a sense amplifier.

The above objects and other advantages and features are also realized with a
readout method for a memory device according to the invention, whereby the
method 1s characterized by dividing the word lines into a number of
segments, each segment comprising and being defined by a number of
adjacent bit lines in the matrix, connecting each bit line within a word line
segment with an associated sensing means,

activating according to the protocol one word line of a segment at a time by
setting the potential of said one word line of the segment to the switching
voltage V, durning at least a portion of the read cycle, while keeping all bit
lines of the segment at zero potential, and determining the logical value
stored in the individual memory cells sensed by the sensing means during the
read cycle.

In an advantageous embodiment of the readout method according to the
invention, all word lines and bit lines when no memory cell is read or
writlen, are kept at a quiescent voltage of approximately % of the switching

voltage V, one word hne at a time is activated according to the protocol by




nmethod is characterized by dividing the word lines into a number of
segnents, each segnment conprising and being defined by a nunmber of

adj acent bit lines in the matrix, connecting each bit |ine withi 4 biotigh
line segnent with an associ ated sensing nmeans, activating according to the
protocol one word line of a segnent at aftime by setting the potential of
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its general bhackground and preferred ments presented herei nafter

when read A 1soa§raal baﬁkgﬁomwdtzméi H{Fﬁéﬁ@é@@?%@&%tﬁmﬁf@e WSEFIBRHER g. 1

shows a prwidPléa dimpebaianefion \bﬁfﬁttﬁé%?pﬁnﬁéﬁ \'ﬁﬁa\fzﬁ{% fighess aphgelfic menory
material; fig. 2 a scherratic diagramof a portion of a passive nmenory
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a ferroeléd&ric mte ocallze eseeectro ere they
over|ap; memory material;

fig. 2 a schematic diagram of a portion of a passive memory matrix with
crossing electrode lines and wherein the memory cells comprise a
ferroelectric material localized between these electrodes where they overlap;

fig. 3 an enlarged cross-sectional view taken along line A-A in fig. 2;

fig. 4 a functional block diagram illustrating full word read in a ferroelectric

matrix memory;

fig. 5 a functional block diagram illustrating a passive matrix memory
according to a preferred embodiment of the invention and with segmented

word lines;

fig. 6 a functional block diagram illustrating a passive matrix memory
according to a preferred embodiment of the invention and with segmented
word lies;

fig. 7a a simple full word read timing diagram with a following write/refresh
cycle provided for addressing a word line of a segment of the memory

matrix in “full word read”;

fig. 7b a variant of the timing diagram m fig. 7a; and




fig. 3 an enl ar ged cross-sectional view taken al ong line AAAin fig. 2;
fig. 4 a functional block diagramillustrating full word read in a
ferroelectric matrix nmenory; fig. 5 a functional block diagra

r
illustrating a passive matrix nmenory accprding to a preferrM%gqqﬁrrent
of the invention and with segnented word lines; fig. 6 a functional block
diagramillustrating a passive matrix nenory according to a preferred

enbodi ment _of the invention ,and w th g éhtatf@naof
si npl e ful fignor e é@iﬁﬁtqnﬁli’%@‘*'@l?%tgar ﬁEQtUT‘QT tt(‘)\%r ﬁ% rﬁ?gﬁ,ﬁ‘rﬁef Fesh cycle

provi ded f ggg.r éng a word |ine of a segnent of the memory matrix-in
"full vvord%eea delﬁﬁ . 7b a varlant of the timng diagramin fig. 7a; and 7
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with electpjqalgegnay ation of the word lines, and fig. 10 schematically
how t he nenory matrlx infig. 50r 6 can belrrplerrentedlnavolurretrlc

menory devi.ce. Before gi pid o of oPBef By bed

enbodi ment §$- tHEs @‘T’f@?glc hﬁgbck %}aérgﬁ fﬁ%hrxesen% invention shall be

di scussed kﬁ,p%ﬂ@rmé@[iglav\a)}amé:tatctreﬁmmaatfstiéﬁdl ng of how a passive matri X
menory, or . even a single nenory cell in such a nenobry works. In'this

connection nge eschiplonbf If@ﬂteammodlrhyptscahﬁ8@41@34“ ed
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the direction in Cferroelectric al W|tha as
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negati ve paLaro2akl i rlenéevo TGN otide pdhiiatiposyitlitmeel goke thedeqron +P,
remains until "a correspondi ng negative vol ta e --\(IS exc EE‘ldI ng. éh%%vn ‘n

in the direction indicated. A ferroelectric materia w1th a hysteresis loop

fig. 1 will change its net polarization direction (“switching”) upon application ofa
voltage V; that exceeds a so-called coercive voltage V.. As the voltage V. exceeds
the coercive field V., the polarization P changes abruptly to a large positive value +P¢
(assuming starting at negative polarization at zero potential). This positive

polarization +P; remains until a corresponding negative voltage —Vs exceeding the

negative coercive voltage —Ve changes the polarization again back to negative

In this way, memory devices nrovided with capacitors
polarization. he absence
comnprising ferroelectric material will exhibit a memory effect in

of an applied external electric field, making it possibie to store non- -volatile
data by applying 2 potential difference across the ferroeleciric matenal,
which evokes a polarization respense. The direction (and maonatuoe) thereof
may thus be set and left in a desired state. Likewise, the polarization status
can be determined. Storing and determining data will be described in more

detal] below.

Dcpendmo on the required switching speed etc., 2 nominal voltage V
employed for driving the polarization state of the ferroelectric mﬂteual 1S
tyoically selected considerably larger than the coercive voltage E.. The
nominal voliage ¥, 1§ generically iNustrated with a dashed line in fig. 1, bul

is by no means limited to this parizcular velue. Other values can be

applicable.




negative coercive voltage -V, changes the pol arization again back to
negative . In this way, nenory devices provided with capacitors conprising
ferroelectric material will exhibit a nmenory effect in the absenie éﬂ
applied external electric field, making it possible to store non Vol mﬁg
data by applying a potential difference 8cross the ferroelectric material,
whi ch evokes a polarization response. The direction (and magnitude) thereof
may thus be set and left in a desired state. Likew se, the polarization

status caFipe2 dHﬁ@trrmdSdeoﬁiim bfig ramdmeed &tynnatrivg 1dadfe pasdivbenatescr i bed
in nore detaill beI
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Speci vol ume®e ts of
i nsul ati ng figra. dﬁheedtedectrrmb‘écacdi ”o{aimctrolr‘besithmfm@edmtamat@éabln)a and

which in | tférr%%g&tlg_gflwgr %ﬁs\é’}ﬂQIéJIH?e IR AE Hmét{%ﬁaﬁ“ﬁ@‘?{r?és(%ﬁk hgidhi 1 he

nmenory matrrx 0ses a cross-sectional viewalong [ine A-Ain
fig. 2. Thefdhelveﬂtmeoelofneem:Iwhic;lapa&u&loltum defihe th@mm@’étt:qallls;l&at@ror al in

a ferroel ?%%‘I] ﬁ%’%ﬁ%@@%ﬂ?%h% cﬁo@éﬁl‘g‘;ﬁ&it%ettw% |gefdmaes the

hei ght h turn de |ne t e nmenory
cel I's 13. birbne elextsodes BIL Blnprd diusjrated iy fisirZee crossing points between
the word line and bit line electrodes W.;BL are illustrated in fig. 2. By

?Epl I Can I FerﬁWl:@m@mblf&L @Iuehfler dfftf@"eMSe néstllmmemvmcopppesmg dketcodaxges,
ma'?e\rNI)Iil | Iﬁﬂe"ﬁgd eRe Wg EI“SCI n& oépd% EIIQ%III eIéf III’%??Héﬁ% %?I:Aﬁ%t%hevgkes a
pol ari zat i ohe ceHskPirssybjbatddnig @ diecadt feid Hhindhiclmeyokes ggtolandatiesit i n one
of two st abIeseponse having a direction which may be set and left in one of two stable
states, positive or negative polarization, according to what is disclosed for
instance in fig. 1. The two states represent the binary states “1” and “0”.
Likewise, the polarization status of the cell 13 may be altered or deduced by
renewed application of a potential difference between the two opposing
electrodes WL and BL addressing that cell 13, which either causes the
polarization to remain unchanged after removal of the potential difference, or
to flip to the opposite direction. In the former case, a small current will flow
in response to the applied voltage, while in the latter case the polarization
change causes a large current. The current is compared to a reference which
can be provided in a number of ways (not shown) to be able to decide
whether a "0 or a 717 is present. If the read is a destructive read, the
polarization state in some of the cells will be switched to the opposite state.
For instance can the polarization state of the cell be switched to “0” whether
it is the state “1” or the state “0” that is read. The initial state must be written
back to a cell in the memory to keep the information in the memory , 1.e. the
readout value. A more detailed description of how a passive matrix memory
operates will be given in below when describing a preferred embodiment of

the invention.




states, positive or negative polarization, according to what is disclosed
for instance in fig. 1. The two states represent the binary statgf "é" @gd
"0". Likew se, the polarization status of the cell 13 may be alt %é %2
deduced by renewed application of a potential difference between the two
opposing electrodes W. and BL addressin§ that cell 13, which either causes
the polarization to remain unchanged after renoval of the potenti al
difference, or to flip to the opposite direction. In the fornmer case, a
smal | cur r édsounldrder tmimproyetponsdenstanding afphe adesenitiagentiehi e in t he

latter CaS?efe?8n¢@La§ %%9%@%@1&%&& énéareg?ega%r%% Jdfocurrent is

conpared t0 a reference e provided in a ways ( not
shown) to pesatgbenammwmzmewrhmfﬁr 'Gillegr “fall wordsepde,s\éherehyfan he read

s a des”‘éﬁ{ﬁz}é%éﬁaﬂn tlﬁ‘@ren?%@ﬁﬁ oPd ] ﬁltea@\&'@ox?ﬁﬁlﬁ ald28i %Rl hem be

switched to the o i nst ance c¢an ar i zatlon sta e of
the cell beeBwii, ch@dnmﬂ OPET 1R Enhiae W¢I’td heggthnethgt a8, ecach ofothethemsrst e " 0"

that is reagns Tesdhid gl BEALELUSBIDE. WL ESM wRRGkehO oy SEiL aiih

menory to kKeep the in out va A

nore det ai lceucvanets@erscpthednfqrfmhmca 1péé§1&é%? A8 deresi§ dospBicates wi | | be
given in b é%v%?eﬂxedﬁﬂﬁﬁ H'z@%z&&é@‘i@ ﬁ%%tl%%ﬁf%gﬂf)g%%den\éﬁﬂﬁ hen. 2

4 F EBI1O so In or to I npraove t erstan he present
i nventi on, PuUrpess @ u@r@aﬁnséhﬁméed@fftra;ﬂsfﬂrrmg dsta siored Imadtehty#¥adout

met hod f or lar%%sﬁ'o\éﬁ dJred ﬁie’fn&%“&ra'tﬁ)? TH@g‘%‘ésrh"i‘ftHﬁOeﬁﬁbh‘?Q onﬁ‘ﬂ'e'cd’i'ﬁfd} T ead”
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read per se i.s a known’ conceﬁ g]scrl &éta cein US:A- 6 157 578.
In said do@GHERIAEVIGRHERES NOt have ted Ry neR- %\Q‘-{re\?%e trix

menory devk;@ﬁs,vmth the purpose of |ncrea5| ng the speed of transferring
data stored in a relatively |arge block of a nenory matrix The present
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wi th di sturjeaowi9n- adgh e2S8dintafledSat the same potential or essentially the same

potentizal as the bit lines BL, . Consequently, there is no disturbing signal

on any of the non-addressed cells of the memory matrix 10. For readout of
data (sensing), the active word 1iﬁe, in this case the first word line WL, 1s
brought to a potential causing current I to flow through the cells on the
crossing bit lines BL, . The magnitude of the current I depends on the
polarization state each cell 13 and are determined by sensing means 26, one
for each bit line BL as shown in fig. 4. The sensing means can for instance be

sense amplifiers.

The full word read method offers several advantages. For instance may the readout
voltage be chosen much higher than the coercive voltage without incurring partial
switching in non-addressed cells, and the method 1s compatible with a large
matrix.

The preferred embodiments of the present invention are illustrated in figs.
5-7 of the drawings. An accompanying timing diagram that accomplishes
zero volt disturb of non-addressed memory cells, while applying switching
voltage V, on all cells of the active word line WL, during reading of all cells
in an active segment. A preferred timing diagram is shown in fig. 7a and an
allernative timing diagram 1s disclosed in fig. 7b.



It is inportant to notice that according to the pulsing protocol for full
word read in a passive matrlx menory, unused word lines, in this Caﬁeﬂiﬂﬁ)ﬁ
the word, lines W.2,,..r" can be nmaintained at the sane potentlalzl*
essenti al | y the sane potentlal as the bit lines BL;_.,. Consequently,
there is no disturbing signal on any ofl@he non- addressed cells of the
menory matri x 10. For readout of data (sensing), the active word line, in
this case the first word line W.1, is brought to a potential causing
current | tWithl mfﬁxdm@ugﬁighévchabh§how&m9refcrr@dsam§061memﬁ plethempassive, | |
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segnent s S each rrent el ng ef1 ne adjacent bit lines
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segment. Different from conventional passive matrix memories which use
partial word read, all the memory cells 13 in a word line segment n is
connected simultaneously to the sensing means 26 such that all bit spots on a
word line segment can be read out in parallel. Specifically can the sensing
means be sense amplifiers. — For simplicity are only the two first segments
S|, S; and the last segment S, rendered in fig. 5 and the same applies to the
associated multiplexers 25 and sense amplifiers 26. — Data which are stored
and/or shall be stored in the memory matrix 11 can be accessed by means of
an associated row decoder and column decoder which is not shown in fig. 5
and the data which is stored in the memory cells 13 in the memory matrix 11
can be read out with a pulse protocol, e.g. as discussed in connection with
fig. 7a via the sense amplifiers 26 which are connected to the bit lines over
the multiplexers 25. All bit lines BL which define a word line segment S are
routed to multiplexers 25 and are selected only when a given word line WL
in this segment is active. In this manner all bit lines in the active word line
WL in the segment S is read out in parallel in a “full word configuration” and

all bit lines are distributed among the sense amplifiers 26.

In a practical embodiment the passive memory device can for instance be a
16 Mbit memory divided into 8 segments S, i.e. with g = 8 and comprise



whi ch defines a segnment. It is, of course, nothing that prevents that the
nunber of bit lines in each segnent S can be different, but if the mms
cells on the bit lines on the segnent contain data words with the

length, k will be the sanme for all segnments. Each multiplexer 25 is
connected with a sensing neans 26 for rédadout of data and the number of
sensing neans 26 wll hence also be equal to the |argest nunber k bit

lines BL which defines a segment. Different from conventional passive
matrix mendb6 &9 0wiood limse Whaof tadh G bdits: dawillahen tiees wenbngs &l isead i n a
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such t hat on a word 1ine segnent can be rea
paral | el . Bpsubid, (cag | withah tther 3érst hges m&ﬁshtﬁegm& anpl i f | ers - For
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with a pul Fachmypistlne Willy of gougse W?weém&@wﬂwhﬁhﬂum#a a via

t he sense gm]ugd%eﬁsgﬁwiﬁé}seﬁ& connected to the bit |lines over the
mul tiplexers 25. Al bit lines BL which define a word line segment S are

routed to t I ne W
in this seg}II Qﬂ Qfég%: gﬁ’o\%Bdar?éﬁ%&%ﬁ%eer%q%?@%ew&r%sgﬁ ir?(%} \é@%\gtél ve wor d
line W i acwrelnsggmim pS:dest imeshtoon, Whensan ab¢ stuliiplexers arg raplaged b

conf i gur at ggf(} m%QHs 28l Tl %atla n‘?(ﬁ%ggifagiﬁét{] el (Hat9e 1 AR 9L b HenE qBRR

anplifiers practi ment the passive nenory device can for
i nstance bmaamemswbetmw]ém}myer@m ded into 8 segnents S, i.e. with q = 8
and conprise 2 4 F E B 2005 11 256 000 word lines W. of each 64 bits. It
will then Peei&rﬂ'blty khagateBinelns @achre reslizahts Hass gatshamneoted withced&h O her

i hes in oirigtBom §S¥eREn® W ai@ IAg el P o Pmullibletrs 2% L ont s on
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duplication Word i'vers cour se,
segnent ed abzlbrcdiregpond tthéhewipdreraf of segments S. The number of outputs on

each pass gate 25 corresponds to the number of bit lines BL in the respective
segment S. In order to maintain parallel readout of memory cells 13 of the
active word line WL in the segment S, a sense amplifier 26 1s used for each
bit line BL in the segment, each sense amplifier 26 being connected to one of
the lines 27 on a data bus 28. A first output of the pass gate is connected to
the first bus line 27, and the second to the second bus line 27, etc. and the
number of bus lines 27 and sense amphfiers will, of course, be the greatest

number of bit lines BL. which defines a segment S.
Figs. 7a and 7b render alternative tirning diagrams for a full word read cycle.

Fig. 7a shows a ﬁming diagram for full word read with a following
write/read cycle (“refresh”, “write back”) for a word line segment. This
timing diagram is based on a four-level voltage protocol. According to this
timing diagram all word lines and all bit lines are, when no cell in the matrix
is read or written, kept at a quiescent voltage equal to zero volts. All memory
cells have an address which represent the crossings formed of an activated
word line WL and by all bit lines BL within this segment which is to be read.




provi ded sense anplifiers 26. In fig. 6 there is shown an alternative
enbodi nent of the nenory device according to the present inventio

wherein the multiplexers are replaced by gate neans 25..The gate 215 r@@g
activate the bit lines BL in the same nmanner as the nultlplexers
Preferably, the gate nmeans 25 are real i Z¢d as pass gates connected with
each bit line BL in a segnent S. Wiile the nunber of nultiplexers 25 in

the enbodinment in fig. 5 shall be equal to the nunber_of bit lines BL in
the segnedheSnantinelwoid linpe Wliravdralbbitplires Bat &xdlos the seme poisatizthent i n
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The inactive word lines W. and all bit lines BL foll ow the sane potentlal
curves dur Fag Thellnstaatesyan altemats tiningalipgeadn dpstd onte foyr teviel weltage

contacting ﬁgtrb%o?eklcémtcﬁn §otBAder §o§ﬂ’heﬁt°al?%$ﬂ%ﬂgs Xﬁ’(‘i%@@ﬁné@ v@ﬁeﬁ fe sane

tine inter es are at zero vol tage. N’

di agr am shé@H inH&eanpgix F)‘irbﬂﬁdd%wtfﬁg‘-‘ln appkephat érﬂ%?sc{eﬁé VQJAﬁaBEh ;% vol t age
VS on the word line side of a cell and a zero voltage on the bit line side
of the sanfheetrtadtrpliesfdhal tining points illustrated as examples in figures 7a

and 7b are dependent on the materials of the memory cells and the details of

the design.

In the embodiments of fig. 5 and 6 the word lines could in principle be
uninterrupted, i.e. that they are extending continuously to the separate
segments, the segments only being defined by the bit lines in question.
Multiplexing and protocols for read and write must then be adapted thereto.
It is, however, no advantage that the word lines become too long. With a
limited number of segments and a limited number of bit lines in each
segments this is avoided, e.g. as in the above mentioned example, where
256 000 word lines and 8 segments with & bit lines in each segment are used.
The memory then obtains as stated a storage capacity of 16 Mbits. There are,
however, also other disadvantages with continuous word lines. If the bit
spots of the memory cells in the segment S read with high voltage on the
active word line, the same high voltage will be impressed on the active word
line in all segments and even though only the bit lines in the addressed
segments are connected, capacitive couplings and sneak currents can be
formed and influence e.g. the memory cells in adjacent non-active word lines
in the segment, something which may lead to spurious readouts or noise




"0" is witten into the cell. According to this, in both timng diagrans
shown all cells on the active word lines are set to the zero state after
the read operation has been perfornmed. Therefore, in order to res OrFFtFﬁ hs’;\
stored in the nenory, it will be necessary to wite back "1" only¢o @
bit lines which has cells that should déntain "1". This is shown in both
exanples in figures 7a and 7b, where a voltage with reversed polarity is
applied to the cell which shall be witten with "1" during the read cycle
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that only theségiienebviddrédsee fnomhd wdrbdirrder 88deds decoder. For instance
the word line WL, is selected in the segment S; and it 1s then vo-ltage only on
this bit line within the segment S;. With destructive readout now all memory
cells and the word lines WL, in the segment S, will be switched to zero state,
while the multiplexer 25 connects all bit lines in the segment S; to the
respective sense amplifiers 26,...26,. All cells on the activated word line can
hence be read out, i.e. a full word read is obtained if the word line of the
segment is defined to contain a data word. While the state of all cells on the
selected word line WL, then is detected, the remaining word lines
WL,...WL,, and bit lines BL,-BL, is kept on a quiescent voltage near the
biasing points of the sense amplifiers 26 and in principle there will then be
no disturbance contribution from the remaining cells of the segment. Neither
will there be any bias voltage on the cells on the bit line, such that disturbing
signals to the input of the sense amplifiers 26 can be generated. The data
output of the sense amplifier 26 is conveyed to a two-way data bus 23 while a
write logic 29 is connected in parallel on the output of the multiplexers for
writing of data to the bit spots of the cells on an active word line in the
segment, the word lines in the segments being selected in corresponding
ways via the selector means 22 as in case of readout. Preferably there are
provided buffer memories 21 on the switchable outputs of the selector means



segnment is connected electrically to the driver, while the correspondi ng
word line segments in the remaining segments are disconnected. This will
particularly be relevant when the protocol in fig. 7 is used and g&rFrBag6s
place with an enbodi ment of the nenory device as shown in fig. 8, which in
principle corresponds to that in fig. 5.14A not shown driver in a driver
group 20 is selected by neans of a segnent selector 22 which e.g. nmay be
realized as a selector bus, such that the word line W. in the selected
segnent S 3 amctheviatted chaneat dﬂ'adrsomnd/\mulépqudrszSTﬁe amhmprefdine 25

whi ch are cont oII h ans 22 can be connected
with a sel 88t eElrzl v%?nqy%ltl ﬁi’zng ?JCZ‘SI a%évxjﬁﬁsches 24 and controlled via
the sel ector nmeans 22 over a, sw tchable cache neno sp cific
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segnents b cted in corres ond n vva s via the tor ans 22 as
in case of %I‘aég‘b‘ﬁﬁf %W%‘Feérsﬁlﬁf 93Y1ﬁ8§ @ngrrgearbsr | ST A ‘?C(]r‘fﬁﬂ%rafl s 21 on
the swt ChaHHﬁes@bﬁgmﬁ]Ge abt thewaelwtiptogieaas: well-known in the art and

commonly employed in the matrix-addressable memories whether they are

active or passive and hence shall not be discussed in further detail here.

The number of voltage levels and the voltage levels themselves in the pulsing
protocol can be selected arbitrarily as long as the rcqu1remcnts for
performing full word read are met. Further, the polarity of the voltages
according to the protocols shown may as well be reversed.

In a practical circuit technology for the realization of the memory device
according to the present invention, the memory matrix can be provided on a
substrate and word line drivers integrated therein, such that the total area of

the device does not increase.

The segmented word lines could as well be implemented on stacked memory
planes, with the bit lines BL connected vertically to the multiplexers or gate
means 25. This is illustrated in fig. 10, which shows schematically and in
cross section an embodiment wherein memory devices 10 according to the

invention are provided in a stacked arrangement. This realizes a volumetric



2 4 FEB 2005 14 22 and the latter connect drivers and nmultiplexers 25 via a
nunber of line swtches 24 controlled by the sel ector neans 22. Fi

shows an enbodi nent functionally equivalent to that of fig. 8, but %&th&2W5
additionally corresponds to the enmbodinent in fig. 6 wherein the

mul ti pl exers have been replaced by pass ldeans 25. Each pass neans 25 can
e.g. conprise switching transistors 25a which function as pass gates, one
for each line such that there will be a total of k switching transistors
25a in a passstoeagsapparates wdierdia ensbdayet or meenenbplingdhcompriseg.org,
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nul ti pl exeF§“érW€]|ab‘érmﬂéQﬁ§e%%°y |1§e§ IEFIEGsOr T8dY S pplt%ntzaﬁdormrgﬁl shows
schemat i caljoyertial)j given that the protocol according to fig. 7a is used. This will

reduce the number of disturb signals that could result in loss of memory
content as well as eliminate all disturbs during a read operation that give rise

to sneak currents.

b) The data transfer rate will be at the maximum rate as allowed by the

number of bit lines within a segment.

c) The readout voltage V, may be chosen much higher than the coercive
voltage without incurring partial switching in non-addressed cells. This
allows for switching speeds approaching the highest possible speed of
polarizable material in the cells.

d) The readout method is compatible with large matrices.

In addition the memory device of the invention can be realized with a
reduced number of sense amplifiers, which is an advantage when the memory
is Jarge and also with regard to the power consumption of the sense
amplifiers. This can be high, but may also be reduced to some extent by
appropriate power management of the driving and addressing circuitry.
Moreover, a reduction in the number of sense amplifiers implies that real

estate devoted to sense means can be balanced to achieve overall area




cross section an enbodi mrent wherein nenory devices 10 according to the
invention are provided in a stacked arrangenent. This realizes a volunetric
2 4 F E6 2005 15 data storage apparatus wherein each |ayer or menory4 pEBAEH
P conprises one nenory device 10. By providing the nmenory devices in a
staggered arrangenent, the respective wdrd lines and bit lines can be
connected over so-called staggered vias, i.e. alternating horizontal and
vertical "over-the-edge" connections with driver and control circujtry in
t he substraptmizationhs thebsemary denicsak ipally nibiegegmentatien ofi thec¥prdbased,
and hence {; Gl i i } - I YOS
technologyLEEFéﬁ&%ﬁgé%é%Sﬁgx%ﬁﬁnhg&ggggﬁggg?g?gﬁggu%%?%gﬂ%ﬁ%?ghfhat only a
limited nuingleoforsi in the eesntafa snglmyorBuing feydiacti ce the vol unetric
data storage apparatus nmay conprise a very |large nunber of nenory planes,
from8 and well beyond 100 or nore, realizing a nmenory with very high
capacity and storage density, as each nenory plane only will be about | m
thick or even | ess. Advantages of the passive matrix nmenory device

descri bed above include sinplicity of manufacture and high density of
cells. Further advantages are: a) If the word |ines are segnented

electrically, non-addressed nenory cells wll during the read cycle be
subj ected to zero volt potential (or a small potential), given that the
protocol according to fig. 7a is used. This will reduce the nunber of

di sturb signals that could result in |loss of nenory content as well as
elimnate all disturbs during a read operation that give rise to sneak
currents. b) The data transfer rate will be at the maxi numrate as all owed
by the nunber of bit Iines within a segnent. c) The readout voltage VS may
be chosen much higher than the coercive voltage w thout incurring partial
swtching in non-addressed cells. This allows for swtching speeds
approachi ng the hi ghest possible speed of polarizable material in the
cells. d) The readout nmethod is conpatible with large matrices. In addition
the menory device of the invention can be realized wwth a reduced nunber
of sense anplifiers, which is an advantage when the nenory is |arge and
also with regard to the power consunption of the sense




anplifiers. This can be high, but may al so be reduced to sone extent by
appropriate power management of the driving and addressing circuitry.
Moreover, a reduction in the nunber of sense anplifiers inplies that; Fegal(s
estate devoted to sense means can be balanced to achieve overal|l afea 2 4
FEB 2005 16 optim zation in the nenory é vice. Finally, the segnentation of
the word lines inplies that errors during readout or addressing wll be

| ocated in a single word in the event of a single word line fault. 2 4 FEB
2005 17 CGLAIABMIS A non-vol atile passive matrix Menory device (10)
conprising an electrically polarizable dielectric nenory material (12)
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desz.ed polﬂnzatlon state 1n the cel] by means of a voliage nBIg' applied to
the cell via the respective wosd Jine (WL) and bit line (BL) defining the cell,
wherein said applied voltage either establishes a determined polarization
state in the memory cell (13) or is able to switch between the polanzaiion
states thereof, and wherein 2 read operation iakes place by applying a vellege
larger than the coercive voliage V. to the memory cell (13) and detecting at least one

electrical parameter of an output current on the bit line (BL),

characterized in that

the word lines (WL) are divided into a number lof segments (S, ),.each
segment comprising and being defined by 2 plurality of adjoining bitlines
(BL) in the matrix (11), and that means (23) are provided for connecting each
bit line (BL) assigned-to a2 segment (S) with an essocialed sensing means
(26), thus enabling simultaneous connection of 2]l memory cells (13)
assigned to a word Jine (WL) on-a segment (S) for readout via the
corresponding bit lines (BL] of the segment (S), each sensing means (26)
being adapted for sensing the charge flow n the bit line (BL) connected
therew;th in order to determine a logical value stored 1n the memory cell (13)

defined by the bit hine.

2 A non-volatile passive matrix memory device (10) accordimg fo claim ],

. : L L
characterized in that smd means (23) for simultaneous Connecton of each bit hne




characterized in that the word Tines (W) are divided into a nunber of
segnents (Si-.0,-each sconent conprising and being defined -by a pl-uTal
ty of adjoining. bit lines (BL) in the matrix (11), and that neagngfEg3005
are provided for connecting each blit lite (DL) assioned-to a Sr2TY)ent
(S) with an associ ated sensing neans (2B, thus enabling sinultaneous
connection of a)) rnCMOTY Cells (13) ass) Dried to a word line (W) on-a
segnent (S) for readout via the corresponding 'bit. lines (BL) of the
segment ( S)(Bl_éaad}a sgneing §Shwahsas¢ @@ ptedisensigg aems €26 dunsgrddregsinperchar ge
flow in th%‘ﬁg rge (BL) connected therewith in order to determne 'a
| ogi cal value ored in the MeMOTY Cell (13) defined by the bit line. A
non-vol atil e passive matrix 3-,-Jenlcry dev'Ce_ (10 accordl to cial m 1,
charaterizéd i n ARaD-¥alai] epansi ve I8P M esnony) d%é@&% Laﬁq&féréﬂ%#% alPach

bit line Zﬂcﬁg%&@gée&% Qﬂﬂth@fnﬁnﬁeﬂa}?mulﬁ?}eﬂ@ﬂ% '('2@?%@&%@&5@1%@%“@1@”9

means (26) .during addressi ng are_ _nultiplexe non-val. atil e passive

matri x mendeigegbpuaeber 1) bisdiwgs dBly @Qfl%lﬂlﬁlﬁﬁe&ne%%%ﬁ)a@?éh iL3elng Rf@hat t he

nunber of @Héfﬂe@it@é@ﬁéc6§§éct€8r\£/ﬁﬁ&0§t§b’i1f1@n§ﬂ% 1é@¢9est number of bit lines
(BL) defining a segment (9S), each bit line of a segnment bei ng connect ed

(10) accordrng v ens Rt pafiyEaPaP Y BT TS (L6) Rotrotoy B Blgtmie ! o€
nul ti pl exe, chayadtericed me chatothei dutpuaos iengh endapse ey (riéans cpBbicted wwh
non-vol ati | edggﬁcsF% se”Etméﬁ(nsn@ ry device according to claim 4,

characterize he 'sin sensing nmeans (26) is a sense anplifier.
6. A non-val atile passive_matrix menory device according.to cl

characteri Zed i > tieax vekitde paaHye(pain} Wr%@ramvaﬁ%@&goebﬁaéeﬁ?w § each

bit line (Betaditrize8eAABA theDinkR Shsads afdank¢dorensaisedseraaidifietd) during
addressing is a gate neans. 7. A non-volatile passive matrix nenory device

according teo claipg, ?ﬁgﬁlé\%%ﬁﬁrv Zlﬁgtrlfﬁe%rﬂéwpé%cl:bﬂﬁﬁﬁ(tglcllalm 10 ) of a

segnent (S) 'are ‘connec ans, eac
having a nehseactefizedtpubat sacdrme@ﬁo@cﬁ)rfgrtsuntlhenmm)eonmctmn of F@@Sb(‘BL)

In the respgid (NE) %?Q@éh{é)(S) to an associated sensing means (26) during

addressing is a gate means.

7. A non-volatile passive matrix memory device according to claim 6,
characterized in that all bit lines (BL, ;) of a segment (S) are connected with
a specific gate means, each gate means having a number of outputs
corresponding to the number of bit lines (BL) in the respective segment (S),
that each output of each gate means (25) is connected with a specific bus line
(27) of an output data bus (28), the number of bus lines (27) thus
corresponding to Jargest number of bit lines (BL) in a segment (S), and that
each bus line (27) is connected with a single sensing means (26).

8. A non-volatile passive matrix memory device according to claim 6,

characterized in that the gate means (25) comprise pass gates.

9. A non-volatile passive matrix memory device according to claim 6,
characterized in that the sensing means (26) is a sense amplifier.

10. A method for readout of a non-volatile passive matrix memory device
(10) comprising an electrically polarizable dielectric memory material (12)
exhibiting hysteresis, particularly a ferroelectric material, wherein said
memory material (12) is provided sandwiched in a layer between a first set
and second set (14;15) of respective parallel addressing electrodes, wherein
the electrodes of the first set (14) constitute word lines (WL) of the memory



t hat each out put of each gate neans (25) is connected with a specific bus
line (27) of an output data bus (28), the nunber of bus |ines (27) me§82m5
corresponding to largest nunber of bit lines (BL) in a segment (9),

that © each bus line (27) is connected Ph a single sensing neans (26) 8.

A non-vol atile passive matri x nenory device according to claim6é,
characterized in that the gate nmeans (25) conprise pass gates. 9. A
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arranging said protocol to comprise a read cycle, and

providing during the read cycle for the sensing means to sense charges
flowing in the bit lines, and wherein the method is characterized by

dividing the word lines (WL) into a number of segments (S;,...5,), each
segment comprising and being defined by a number of adjacent bit lines (BL)
in the matrix (11), connecting each bit line, (BL) within @ word hine segment
(S) with an associated sensing means (26),

activating accordmo to the protocol one word line (WL) of 2 segment (S) at a
time by setiing the potential of said one wor_a Jine (WL) of the segment (S) to
the switching voltage V during at Jeast a portion of the read cycle, while
keeping all bit Jines of the segment (S) at zero potential, and

determining the logical value stored in the individual memory cells (13)

sensed by the sensing means (26) during the read cycle.

11. Method for readout according to claim 10,

characterized by |
keeping all word lines (WL) and bit Jines (BL) when no memory cell (1 3) 18
read or written, i a quiescent voltage of approximately s of the switching

voltage Vg,
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apparatus with a pl urality of stacked layers (PI, P2,...), each layer (P)
conprising one of the non-volatile passive matrix nenory devices (10).




