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

device in a volumetric data storage apparatus.

25 Ferroelectric integrated circuits have revolutionary properties compared to
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

recently only dreamed of.

30 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.

A ferroelectric matrix memory having memory cells in the form of
ferroelectric capacitors without active access elements such as an access
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fewmroel ectric capacitors without active access el enents
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20 is 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 also well-known, including two transistors or more.
However, all these concepts increase the number of transistors compared to
the passive matrix memory, which implies a number of drawbacks such as

25 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
»active” element, i. €. the transistor in each memory cell.

The present invention is, however, solely directed towards passive matrix
30 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
35 accomplish such a partial read or write operation the non-addressed cells on
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Read and wite operations in passive matrix nenories nﬁ
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\alt(r)\LI; g?e;g urr entr%lﬁﬁéﬂﬁrﬁ?&a comeat tiing ehegreati nPepensling A, the F¥RSt ?41‘%6’:;?? Bn
o both act | ve GRTBACLiFREHERABLR ortyd BirRl Sk e vERUME IRETRRE T TGS
can be i n:t' EY nal mgn-dddaiedmﬂ, memegepileean be ¢ 1@%%&&1?\5“? ﬁle?l%%%c{fgt% rrs%%%/l rergt "
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t he probl em wi tWef‘E?VB‘e‘ioe%’??'ls'élg@&Bgghr})’@g&%gﬁn% %ﬁ@é‘z%&gﬁ}@?mﬂﬂﬁmaon 'S
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ARG BH TR or YariobFESrmSeyhsesresial mllions, it cann
hol d a remanent p%l arrzation and hence stops functioning. A solution Oto

an ent i e 2hw ot B ED HOPL e B B B e R e e 51567
536, 30 Anot hemedmmrieNicedsbenmenaty Ha5EERENPeIREHIRY HEER DR
into smaller blocks, so-called “segments”, for instance to reduce power
requirements. Normally this segmentation is transparent to a user. Another
reason for segmentation is the problem with ferroelectric capacitors that they
25  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.
30 Another document describing a segmented memory matrix is 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

35 cell architecture (1T, 1C).
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"F. Derbenwick & al., "Non-volatile Ferroelectric Menory for Space

- Appl ications", Celis Sem conductor Corporation, Colorado Springs. This
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of a passive nmm 'y can e in M Teghni i SCi re

Bul l etin, Vol. ®Fmorpapplicatiansenied TIWQ%}O%@\E ePP- gglzle&?fﬁgh%(sae]g?(;current s
describe a sol Ucmgbm, i Qlthedte anil tifs 1k 35 urhemlonostoaddd eBsiédIRIe 1V s.

Anot her approach . to r opl If '
ferroelectric "&)epp,ﬁ? gg%k%ﬂSGQ%ﬁgg{%gé&slg&gﬁa}ﬁﬁg r%gatgf[igrpemiogy fg)nop.

15 However 10 al sbe thirsl inaBMdEechaicabBaselaune Bubledin i oot TRt Ly Novemoer
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t he above, it igflﬁlrdlé%?mn%‘f'afla@sf'eﬁﬁ‘éﬁ%{;ion to provide a passive matrix
menory device which solves the problem %Mr.ﬁ:bh di Stlﬁged non .Eyo addr essed
memory cel |'s. Adgobker apbessh teremgay thapiabicon Waild §e 50 BRHE e passi ve

| ][rat rix ”e”g(rjy d?é&g&&ec%’flﬁicqgatﬁiiﬁi 5. 61@13; tdlere?n:fd suare-like tgastqnba'f :ltmp si gnal Is
rom non- addr es ce r.i r eadi : mally it is also
an object &? thgleoi"fﬁ)’éﬁﬁﬁ% I%rﬁg? Bes %?é%geﬁéla ou egﬁ%?ﬁ%% cliér?hlé' passive matrix
menory devi ce and conpatible with the.above-nenti.oned obj : above
objects as wel | Aé)fyofchﬁgll’.{e??he&%h‘/%ﬁpﬁifggf 3 RASH LM MR, e‘gﬁl(;lgcfﬁé\%ngpﬁe a
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20 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.

25 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

30 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 logical value stored in the

35 memory cell defined by the bit line.
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t he potential of Ine o segnment to the sw tching

\t;|0![ tage VS duri mgnsinglmecess ina 5erse BAPBACE he read cycle, while keeping all

20 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 is 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

25 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, during at least a portion of the read cycle, while keeping all bit
lines of the segment at zero potential, and determining the logical value

30 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

written, are kept at a quiescent voltage of approximately %5 of the switching
35 voltage V,, one word line at a time is activated according to the protocol by
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| ines of the segnent at zero potential, and determ ning the |ogical value
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according to the invention, all word Iine% and bit |ines when no nmenory
ceII is read or witten, are kept at a qui‘escent voltage of approximtely

"A of the switching 35 voltage V, one word line at a tinme is activated

according to the protocol i i | oe 6
setting the pot@ﬁmp%pheo]potga?[ i) cbtx é %%n‘ém('%?o% tﬁ@?éée t té%ﬁ@@@v@t@ﬁmgd

gnent ﬁg}t e s t&}Chl ng
vol tage VS durivngtade Vedstingapleast a)pomonmfet e seafl exrde.oVIih pIl DIBIReS L thE| heg
of the Segnentse%en?edf%pé k?}?t azcezrefb ﬁﬂ&l %hd RN thglidte vahg statedvialthe stored in

t he i ndividual S sen sensin {e5d
cycle is 5 det mdnmdé@ll mEMQEY £§ils §Eﬁ’éeil%\fﬁe S S gleg’ﬁ Q‘Z 1ﬁ€m¥%§?u 6s and
advant ages are aépnimdhi eved according to the invention with the use of
the inventive non-volatile passive nenory device and the inventive nethod

for readout in g\ ﬂh, Lo &b@é&s ShO LS f@ﬁﬁﬁdsadndSadmhtagas pteualabi ty of
stacked | ayers, eac ayer

(i si t he
matrix menory dachigeed acl"r?é ‘inﬂ\;gﬁ Hhvegﬂgmwﬁbﬁ}eb Ser%ﬂﬂgfl%{ﬁnwgescge‘zﬁg
the basis of di pgissed PRSorglelics apdribe alvelnsivk gnashod fmaéwfléraf gejumetric

enbodi ments pre ent d her el Iy pscteh@}m ieth the
appended draw na PiPes, ap %E&ese&ntp ﬁ%lftﬁ%@sia@k@?l r%}gl ?W ng of a

hyst er esi s 18ur veomprising ere ofethegonrvolatils P?éﬁWF;Fn?'Fﬁ‘P‘e‘PF%‘BW fl?vg‘ce%
schematic diagramof a portion of a passive nmenpry matrix rg Crossi ng
el ectrode | i nes Tardnwheicm shaﬁlhmvnbmcyrecf@llb’sieéﬁﬁl?ﬁq apthe bafsésr? diserssians

material |ocali éggt[ tggehgfﬁ%aES@%Gn@'aﬁ&tpEé{@&%d%ﬂfo@mBm pwwrﬂtabherefnaéter,B an

enl arged cross- vi ew t aken lin ig. 4 a
functional bl ockvhinagad i CORUEEHER “P@‘ t?‘ﬁg“lp edf%rg.g/dng ﬁlg%r? er rh%g Iéct ric

matrix nmenory; fig. 5 a functional block dlaramlllus%rat assive
mat ri x rrermry ef(gblshowgatmlratlmiﬁé]ﬂ@wr%o%b PIREIStCUSTE {HeA fﬂ&?ﬁ?ﬁ% and
with segment \?Jhﬂfé§1a125 fig. 6 a functional block diagram
illustrati ng a passi matrix menmory according to a preferred enbodi ment

of the inventi O g and, Wit S GOFERLES of Wotkidr BEE 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;

20 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;

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

word lines;

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

30 matrix in “full word read”;

fig. 7b a variant of the timing diagram in fig. 7a; and
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fig. 7a a sinple full word read timng diagramw th a follow ng
~wite/refresh cycle provided for addressing a word |ine of a segnent of
the nmenory 30 matrix in "full word read"; fig. 7b a variant of the timng
diagramin fig. 7a; and c:\work\frenstillinrgar\opti52apc teng. doc 7 fig.
"8 schematically how the nenmory matrix in fig. 5 or 6 can be inplenented
in a volunetric nenory device. Before giving a detailed description of

preferred e”bogég?ﬁﬁ’iﬁ%ﬁag Rhethe rﬁé‘ﬁ%g}f punek ef fighe opreesamrite | nvent i on

shal | be discu give a etiter understandi ng of how a
passive matri x mqrtbmyntedrln@v‘éﬂu@eémnﬁle@mr A ceI I | n such a nenory
works. In this connection reference is nade to whi ch_shows 8
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so-cal | ed coerct¥
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changes the pol gdza skfmvrﬁgﬁﬁg lb\adkchmgen@gmtméarmt@ﬂ dipgation. ( $‘ﬂ1t?}l‘ﬁ“§ My,

pEmory devi ces ovi,de tiekbodlisfed0-egllertddrcivent eri al
will exhibit a ﬁg g?%ﬁ%on[o ﬁeldOE)EH%{ e s

e of appl.i ed
electric field, etﬂa;ltnm@eic’c Epo%%ﬂ"@l %e‘itb‘cgﬁgag‘ RS Q%ﬁ'ﬁt‘fqucwag e%%%@?gg&ppyl ng
a POt ential difigs Eé‘féﬁz&ﬁé@?&:ﬂahges‘ ﬁrnpﬂye@hrlaxcgermisﬂl\ﬁﬁ‘mlue vl fﬂﬁis’émﬁ?&sba
pol ari zati on respo t|o a i thus be
set and | eflf inSirHagat 88g3§lv§t% aﬁf é{gze??gfé&&?ﬁéld? ?Jﬁ%q;ossug%ﬁs can be
det er mi ned. St orgolgianidnder; eemamsngltdaltlargﬁn mqgabée&éfs%ﬁ*? gA]F’ﬁcer‘?ﬂPhg 2425

detall bel ow n%ggtgbc?goé} 0o 150 118 U vhdrlal G- potasidabe agaia taokitaal
vol tage VS enploye rivin \go arizati

ferroel ectric nategniies ppirizalipnchy this way, e‘E?I@Brycgﬂvle?isePrgb?Jedl ‘gﬁhecra p?.(‘HtOI'S
coercive vol t agecoﬁ?pnsﬂf@fer%ﬁlhétﬂb m&tbhanlVthlbltqemgmocﬁleff;ﬁCt in @§talbé@‘3§(9

\FI)MaJ; P | 2u?2? g| lulep a(xiqt]péaflfegaﬁx%éggafé%llﬁaolc' £e1RY mARiHEERPBsdiblE dotforethdnV Slatile
data by applying a potential difference across the ferroelectric material,
which evokes a polarization response. The direction (and magnitude) 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

25 detail below.

Depending on the required switching speed etc., a nominal voltage Vi
“employed for driving the polarization state of the ferroelectric material is
typically selected considerably larger than the coercive voltage E.. The
nominal voltage V; is generically illustrated with a dashed line in fig. 1, but
30 is by no means limited to this particular value. Other values can be

applicable.

Fig. 2 illustrates a portion of a m-n memory matrix 11 of a passive matrix

memory 10 showing two mutually opposing sets of parallel electrodes, viz.
word line electrodes WL and bit line electrodes BL. The word line and the bit
35 line electrodes WL;BL are arranged perpendicular to each other, whereby
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applicable. Fig. 2 illustrates a portion of a m nmenory matrix 11 of a
~passive matrix menory-10 showing two mutual |y opposing sets of parallel
el ectrodes, viz. word line electrodes W and bit |ine el ectrodes BL. The
word line and the bit 35 line electrodes Wg BL are arranged perpendi cul ar
to each other, whereby c:VWorl\[renstillingar\opti52apcteng.doe 8 they at
the intersecting areas define side walls of specific volume elements of an
\'Aglsg'halt 'n“igt fse[ L@%&%@}ﬁé fhté?%&&!ﬂ reﬁﬂﬁ?ﬁﬁé bield Wailsnaft spedificay ¢lubs dementsd!

: “def1 ne e vol une . i N lsgin the
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in a ferroelectric . , . i . t . .
the height h of® oerg'%aﬁﬁﬁéizléf‘é‘%gqggu\kﬁﬂ Ricedsnasstionaltiewmidey lint Adéfinnes

_ . , SWhich in t t def |
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}3 Sea\é\/glr ;:ICL![ ine a@o&éét{ihilgﬁerﬂ%@ﬁe@dﬁ& i KBles o Bthiel hatstiahdefingsntheihgight h 10
on of a pqtential djfferen t iNg
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ferroel ectric mesaphabf simplidiy, oely thie: ¢rossinsjpesnte detveceanhe vedrline #1d) ¢ E

whi ch evokes a pal,ari ' WESRONSE illhaMiéWifidi zection which may be set
and left in onero{flﬁg@méeés*g%se 4t at es,1 posi ti t/e lg'r 'negat i ve pol ari élat i on,

eccording 4 Yl L5 oSS Sl B RSE il optand whcates

of the cell 13 tiegywoed tine SVbandrthe bifuérgBhyin %%ﬁf&e&hggﬁ{%ﬁ?@g‘r&%ﬁyﬁ%pﬁ

potential differ t s fild EevBichreyok borsason
addr essi ng t hat tlgée‘fﬁl ?9’ 1¥V§’V\lﬁf5]eét€§_t6‘aﬁ QRS firdd revokes ¥po 8b

, I"ch.eif.he t i ' '
unchanged af ter r?%’t?&\?%tﬁ‘adfnﬁﬁ “6%3 gﬁwlgﬁygﬁgfbg?%ﬁ%g&%ﬁ %gﬁ% Q,PPL? Sfa%g)@lt Re
opposi te direct isanes, posithe drovegetive pokarizationedqcording datvhat iy glst)l@\ﬁﬁ)d %q]r

response t ggt he ;aRhiLH f‘{g.' { 26 wwﬁ‘esire}tﬁeb&ltlta& bedarg aked e’ qral €01 zat i on

change causés a large current. The curre I S ared t f [
can be provided lilhe‘é(lsﬁth?d?Olé?lZWbSt(‘%toqéh%ﬁﬁgqudn?yeg%ﬁﬁ%r%gg&d%?ﬁg%fby\hl e
whether a "0" oOrrefewdd apslidationeifta pdtentilediffeachcesbeawemsteunta oppasedl, t he

ctate " For i nerlideh Y ERBC A abliBaF Rl fattal | o athRReRcBe R DO o
"0" whether it ficdarizesiont tatremain upghanged aftgr eemevalih dpe P%tePélégff%sn‘f%P{ i al
ﬂ]az ﬁewmseﬁmirbe W{tl)éﬂiﬁ?ﬂ tﬂ@@ﬁp%ﬁteadii?&:tionl Ih tHeeformEPEysel @ skempeutrhentiwiloflonit i on
a passive ma%/r i Xihﬁ;'gmn;e to the gpu}}lie\éavolf%geﬁwﬂﬂg §n 96S AltlePda dERE Pobhri 2ol how
' 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 ”1” is present. If the read is a destructive read, the
25 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 , i.e. the
readout value. A more detailed description of how a passive matrix memory
30 operates will be given in below when describing a preferred embodiment of

the invention.

Also in order to improve the understanding of the present invention,
reference can be made to fig. 4 illustrating another readout method for
passive matrix memories, hereinafter called “full word read”, whereby an

35 active word line, herein the first word line WL, comprising a desired memory
cell 13, is sensed over its entire word length, that is, each of the memory
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30 operates will be given in bel ow when describing a preferred enbodi ment
wof the invention. Also in order to inprove the understanding of the
present invention, reference can be made to fig. 4 illustrating another
readout nethod for passive matrix nmenorieg, hereinafter called "full word
read”, whereby an 35 active word line, herein the first word line W
conprising a desired nenory cell 13, is sensed over its entire mord1
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? 'hte Lgﬂezdﬁ}L éssgds é@p%:f@fet f@gfc%%tra*%%ﬁlhg t&?bedblﬁgi'ﬁrgtﬁrﬂﬂ)c%l esatull ‘Qﬂrcﬁny of
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b 20
agvant agz gn? For W'S(lsélrfﬁgrzg)ng@ %{%e ervéﬁg%ﬁ?é QEQPlﬁ%taE@theOﬁfs@m)r& Qi\ﬂer\h’LI, is

than the coerci beoughit tag@okntisdGausing GRFFRY &aﬁgwéﬁrogaﬁfx %eﬁ‘s‘SH tﬁ'é gher
non- addr essed Cﬁtds n@w lihbeBIBt RoTthé snapaimde obkie evrréntd de@cg& pmthg x. 25

The preferred e ft r#Sth
5-7 of the drawPR 123}91!%“&?35%%\}19%18%%ﬂ%awﬁgﬂl%gﬁl?{aé%at{}ﬁsa%nlsaccoéﬁsfgsbhledshefIzgso
volt disturb of feoeachdsit Has &l mesﬂmwmueflgs MF@S%WF%C Tc‘Hf’tﬁﬁce be

20 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 is compatible with a large

matrix.

25 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

30 alternative timing diagram is disclosed in fig. 70.

With reference to fig. 5 which shows a preferred embodiment of the passive
matrix memory according to the present invention, the matrix proper is
embodied as an m-n matrix formed by m word lines WLl ‘mand n bit lines
BL, _,. The word lines are divided in q segments S, each segment S being
35 defmed by a number k adjacent bit lines BL in the matrix BL. Preferably k is
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voltage VS on all cells of the active word line W1 during reading of al

. cells in an active segnent. A preferred timng diagramis shown in fig. 7a
and an 30 alternative timng diagramis disclosed in fig. 7b. Wth
reference to fig. 5 which shows a preferreg,enmbodi ment of the passive
matrix menory according to the present invention, the matrix proper is
enbodied as an M matrix formed by mword lines W1,...mand n bit lines
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not shown in fi@,, S, amhthet last Wmmﬁhmwclege%tfbflédS |aﬁdtﬂh"e54f§?rﬁp9h%seﬁo €13 in

Ijrg Cﬂggg(rjyl ?Eglﬁxﬁ% ct1at88 %lpﬁlerxg?sdﬁ) Yhd AR a?n;mﬂé@ 28" otaxalwhieh gre stered

t
connect ed 120 t hendiar shaHds stoied 12511? ﬁ?%b’t“i‘%% r%anggg)a%elsgcbds}f;f}m\égéé ggLar ©
whi ch define a %rﬂsbéla&d%wr@wodsr an@ coluaut éetoder mhiich sl otehewasndid Sar e

selected only whe ng tﬁe %ata whm%rxs s{oreg iNthe 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

25 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.

30 In a practical embodiment the passive memory device can for instance be a
16 Mbit memory divided into 8 segments S, i.e. with q = 8 and comprise
256 000 word lines WL of each 64 bits. It will then be 8 bit lines BL in each
segment S, in other words k = 8. Other architectures are of course, also
possible, e.g. with 9, 16 or 32 bit lines in each segment S.

35 In another preferred embodiment of the invention at least 256 memory cells
13 are used in each segment S. With the use of a 32:1 multiplexers 25 this
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in-this segment is active. In this manner all bit lines in [

+line W in the segnent Sis read out in parallel in a "fullth\io?gtlve nord
configuration” and all bit lines are distributed anbng the sense
anplifiers 26. 30 In a practical enbodi men{,; the passive menory device can
for instance be a 16 Mit nmenory divided into 8 segnments S, i.e. with q =
E_ ?nfl. conprise 256 000 word lines W of each 64 bits. It will then be 8
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a full word rea 7
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protocol . AgCor dighdr® i Enes BL which defines a segment S.

Figs. 7a and 7b render alternative timing diagrams for a full word read cycle.

Fig. 7a shows a timing diagram for full word read with a following
write/read cycle (“refresh”, “wrlte back”) for a word line segment. This
timing diagram is based on a four-level voltage protocol. According to this
25 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.

The inactive word lines WL and all bit lines BL follow the same potential

30 curves during the read cycle. During the read cycle the word line contacting
the cells to be read is set to switching voltage V. At the same time interval
all bit lines are kept at zero voltage. In the timing diagram shown there is
provided that application of the switching voltage V; on the word line side of
a cell and a zero voltage on the bit line side of the same cell implies that a
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25-timng diagramall word lines and all bit lines are, when no cell in the
matrix is read or witten, kept at a quiescent voltage equal to zero
volts. Al menory cells have an address which represent the crossings
formed of an activated word |ine W. and byjpall bit lines BL within this
segnent which is to be read. The inactive word lines W. and all bit |ines
BL follow the sanme potential 30 curves during the read cycle. During the
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2t a qui escent Jdiereager vaes Torpd{Lrigtife PRl [lsRplRE, planfilbd LFNgusgaept
illustrated as exdmy &s depefidanioeshy aaterials pb the @em@ﬁahﬁﬁngﬂ?ﬁ ﬂ%aﬁs of
materials of theqlmaggéx cells and the details of the design. In the
enbodi nents of f %. and 6 the word lines could in principle be 15

~uninterrupted, i.e that .they are. ext ' i i Ori
segnents, the sé@ﬁ@ﬁ?@%(?m?e%g%ﬁgigd)egﬁq@g%H‘g’y&tgﬁeh | té{fdlﬁgggin%bﬁ)&iet@?(r)? ©
~ Mul'tipl exinig andipnierpbdds i£othat 82y HAEKFIURS ﬁ‘iftttm}:ol"n‘éh' LG JEBIBY ¢ her et o.
. : |t m. ts,edhﬁ\lljvem\;:; , O#g%ﬂ}ﬁg%f&%%éjﬁ§ Phl}g?e@gg defihewby biecbirginesdn hoegyionw t h a
| . o : .
segrents this | Mulaigene sdgrofeolflareedRib Srudln it thod ‘55‘&?"@%@%‘?8 256
000 word |ines ands,Soseyesntcsadvantagd thit thieiwerd 1in¢5é¥§éﬁm§é§ﬁi g-§N§ Fsed.

The nmenory then @ | : i i i
are, however, allugét%%,[ﬂ%gfo %&?’Eggﬁ‘gﬁ@égﬁ rﬂ%n@@ﬂ@ﬁi_b'fey obbit ineutiach Ther ©

i1 spots BTt rsemantt it & 1@ 1eH ere SABRAEOS BARIRT VS Sge on-
the 256 000 word lines and 8 segments with 8 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
25 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
30 contributions. In a practical embodiment of the memory device according to
the invention it will hence be relevant also to be able to segment the word
lines electrically such that only the active word line within the addressed
segment is connected electrically to the driver, while the corresponding word
line segments in the remaining segments are disconnected. This will
35 particularly be relevant when the protocol in fig. 7 is used and can take place
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25 .active word line, the sane high voltage will be inpressed on the active
«word line in all segnents and even though only the bit lines in the
addressed segnents are connected, capacitive couplings and sneak currents
can be forned and influence e.g. the nenoiy cells in adjacent non-active
word lines in the segnment, sonething which may | ead to spurious readouts or
noi se 30 contributions. In a practical enbodi nent of the nenory device
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principl e corregpendsednfertRalector xﬁd:ams 2. cah brotorsieoted whith a@elqcfcrcdadrdwrvlér

20 [ ect ed b
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whi ch are contr ghhedei0phr B %ﬁéﬁgféet'% b‘fteﬂu@é%t}@L xﬂﬂ@dﬁﬁdcﬁassedmegmenbrmmt ed

th | ected t h t
the ‘sl oct a6  moasisezmmpierr 26. Ta BUFEAERS LB e S 1 T Bub R e -

mul tipl exer 25 i&n Bk FBhheiedushy ANDaes ezl of OMQD hogie BRISOT hpassi gate.iafds BL
|0 the addressed SeamEah bteoad‘dpeessé@ﬁ%%{'é%v&gmdefdreardd;f&s deBo@it Bby itk cal

terms each word E (g 3 AlN n?on
a CMOS | ogi ¢ gatlee Wréllpa&ngS@le%ﬁ%m theesegapi it 2BE 1 }P%rég% ™or d
line or address igigG¢RdRhe widin tH&ée@ﬁf&t St hey ishoded tructiee Waﬂousnewlaébmemqm t he

segnent S1 and it n vo BTy ment
STVt h ddgtrugelivand Bl ow A Hanhssii® g ol 3§§W“1&é%§“.ﬁ§§ w1
in the segnent Sdhivd fhe teltipléxter ASctonoetead bit lines in (hgiSEEMER Spif ¢ ol exer 25

connects all bit Shet. oAl kells bRIREaEtiwReS BvSé line can
anplifiers 26,. %@ﬁs’%ﬁ& hﬁl@%é@@sl %% >

i vat dvvordllne e be
read out, i.e. dehge DCMO‘F%&I ?§ui)5‘t°é€ﬁ gaf iS¢0 ﬂ@emt&el\??{e 21} ?ﬁﬁl‘%
segnent is defing m%ﬁt EQIHfﬁieﬂ t8 coatain watath wokd.| Whilhaéhe statecofodll gells erithes on

e 20 ol o ot SR LT PN D LR A gk e
b| aS| ng poi nts dVLehd&VErnad bibhpts BLE%Q«ZS kSPl‘dOIP A A9HSSAEG ‘foéta%ﬁéllﬁgr t hen
be no di sturbanggsigRbidibet kitsdnise Aiphigicr£DBiand ng peiatipde tiere h\ellstbgmrbnt
Net ther 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
25 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
30 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
22 and the latter connect drivers and multiplexers 25 via a number of line
switches 24 controlled by the selector means 22.

Fig. 9 shows an embodiment functionally equivalent to that of fig. 8, but

35 which additionally corresponds to the embodiment in fig. 6 wherein the
multiplexers have been replaced by pass means 25. Each pass means 25 can
e.g. comprise switching transistors 25a which function as pass gates, one for
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will there be any bias voltage on the cells on the bit line, such that
+disturbing 25 signals to the input of the sense anplifiers 26 can be
generated. The data output of the sense anplifier 26 is conveyed to a
two-way data bus 23 while a wite logic 294is connected in parallel on the
output of the nultiplexers for witing of data to the bit spots of the
cells on an active word line in the segnent, the word lines in the
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FaCht pass meansc@r‘f_ir(fl th%-gGO?ﬁg@EE%&Q2§Wxif ﬁ:ﬁh&lﬂ_ thlé %:ilt_sliiﬁeiSO{ﬁ ala‘féa:o\nhécttlad
unction as pass gates, . on oI, C; r r | i nge

doc 14 each |1 nto GcSHik 21 Hore %t%{\gu%ék&nﬁgﬁ%ﬁat&fouﬁp%véfttggjsﬁr?&taa?%%lgﬁgﬁ ors
25a in a pass [Eeamedid wish aswohwagdse ist23. Grerespbodingisnas innfig §thes,
driver groups 20 ..ake .RlheVi . , i fi8rstAearieivaeh or
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the separal@ wowditBgd tiakes piaceahevyrdine weaent eSaeripdyia theLraBp SeIeFioss
address bus 30 gpgend wagNiddrksig bher theougrdseleenidress2im. 30.n readout the bit
| i nes- 25a are connected to the %us line 27 in the data bus 28 and the data

output of the Sﬁ%ﬁaﬁgﬂﬁ hk&ssarl ReYRREQGH kA tfhr gelbdwun)gcoding dpds 23.

Correspondingly as 1nfig. 8 tg_g) write Ilo ic 29 I rovi.ded | rtlaggral | el

over the sense afAMessings Lk poLiPWHER1Y ‘Wg?ﬁrﬁd"et gkggwf}l”&@é‘?a Re word Iine

segnent is sel eebeehotl@ etpdogidointhe edatrik exddres2dale amemodiehwhdthes sraymyeover

the word |i,pe addres . 30, ' r [ ans for
13 ecodf W §1h§§ls%é\§e darncET’i‘e%{c(éaslh%M P Be HBGRSSHA M FARHEF BStadtré®

sel ection, essing, It ke not showmnm timng logic, are
wel | -known in t art .and . commonl y.e ed. n.t |

menori es whet her H’éﬂ?‘bﬁré’fl\@?tﬁgf ??/‘ke/el%ggﬁ%s\?%{eaggr%@%gﬁ%%ﬁ%ﬁgﬁ%ﬁhﬁggggg?ng
di scussed in fuptdtecoldemabd sdiested amtigar longfas\tbe regyeramesmds 0tand t he
vol tage |evels prgﬁ%gﬁﬁaisﬁfgteﬁnl RobdFeaRUrs i, FRARGOBR pSaALPE! SRl wiitagds

arbitrarily as ng ¢ ereqwrF nts for g@rformn fduII word read are
met. Further, tBECQIGIE joriregrotasals,shopaymay s dEsh B iy °f% he prot ocol s
shown may as well be reversed. 20 In a practical ci rcuilit t echnol agy for the
real i zati od0of the preetsa) ciysyitdechnology 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

25 planes, with the bit lines BL. conneé;éed vertically to the multiplexers or gate
means 25. This is illustrated in fig~8, 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
data storage apparatus wherein each layer or memory plane P comprises one

30 memory device 10. By providing the memory devices in a staggered
arrangement, the respective word 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 circuitry in the substrate
14. The substrate 14 can be inorganic, i.e. silicon-based, and hence the

35 circuitry may be implemented in e.g. a compatible CMOS technology. Figure
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according to the present invention, the menory matri x can be provided on a
wsubstrate and word line drivers integrated therein, such that the total
area of the device does not increase. The segnmented word |ines could as
wel | be inplenented on stacked nenory 25 Eganes, with the bit lines BL
connected vertically to the nmultiplexers or“gate neans 25. This is
illustrated in fig. 10 which shows schematically and in cross section an
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substrate 14 can be inorganic, i.e. silicon-based, and hence the 35
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c: \wor rem | Jlingér i 52npc | ong. e V. :
pl anes P1, P2 (n¥f®l té(tOfgﬁf“}uizc Wrﬁf?ggl%‘%ﬁng?t §o°? C%In? 'V\ﬁllri?l#ersadtg\régta hggv\%/, but
in practice the volunetric data storage a rat us, ma o ri very

| arge nunber of ahenmoifyhgmosadines @W@%ﬁmg@eptrﬁs@ygnﬁorl-@ggpegf?cﬁ%l?em,o%

real i zi n? a rrerrlgays W?IU agmgyhehitf@ra wyafmis bybjected $o ;ac@g@ld%g?nfml?l (s ss?@?ﬁ h
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manuf act ur e andreédugh thienunbyr of distinb$igmaly E%Fo‘élﬂleﬁﬁ‘t‘lég‘égd%éro MEPPTH f t he

word lines are EG&@FP&@@eﬁ'a@@lMiﬁ@id Al dRanbaddrias sadadeperagionabht giveirise
during the read cyc be subjected to zero volt potential (or a small 10

potential), giv&hst tcut"r'r’éltsprot ocol according to fig. 7a is used. This wll
reduce the nunber of disturb signals that cquld result in |1gss o ry
content as wel | bhs eThefdat: Eansfer @iyl %g aaﬁ?q W@x’étl‘?%éageoaﬁeﬁg‘%vi'%&rlbbf ﬁa{gt gi ve
rise to sneak gupbeRbSbittinekheititiatasdgheamsf er rate will be at the maximum
rate as allowed by the 15 nunber of bit lines wwthin a segnent. c) The

readout vol tage .yS ngye bedohp§6Maglivh nhiyditeshdsbamuidhchigher thauehe voirtage
Wi t hout incurring, parti i i

.al switching in,non-addressed LLS, .S | | ows
for switching syebage &’b&&o&éb‘?‘ﬁuﬁﬂng ﬂ@rtml TS 1%@5‘}%%&?8%%3 C-cl‘);;111 > ]5% ari zabl e
material in theatlelsSor switching speeds approaching the highest possible speed of
polarizable material in the cells.

20 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 large 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

25 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
optimization in the memory device. Finally, the segmentation of the wprd
lines implies that errors during readout or addressing will be located in a

30 single word in the event of a single word line fault.
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20-.d) The readout nethod is conpatible with large matrices. In addition the
-~ menory device of the invention can be realized with a reduced nunber of
sense anplifiers, which is an advantage when the nenory is large and also
with regard to the power consunption of the sense anplifiers. This can be
hi gh, but may al so be reduced to sone exteﬁ? by 25 appropriate power
management of the driving and addressing circuitry. Mreover, a reduction
in the nunber OE s%ggf anplifiers inplies that real estate devoted to
sense means can“lé anced to achi eve overall area optinization in the
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|atter constitu

memory cel 110( 13)dewcphwae@arpaéil%r89m1 $qL( lét) r“ﬂgi ﬁf’%pqcétoﬂﬁfl‘fe Séﬂlc\{ur%% ﬁi\éﬂrﬁré(?rlon :
material (12) afntHememosp m@rlﬂe(nsa@amhwrwshngsdﬁtwnm wiord llinge end bitherasi n

the nmenory cells (13) of the e

passive matrix Ff%? %ﬁﬁ%P§WHngac %ﬁgﬁ&ﬁrﬁgﬂ§%%§5%§%8 tﬁﬁ@g@@%ggn@ﬁsa
addr essed for aocﬁnalpasmrveamatnr&e(dél,l‘bhﬁrﬂna%&hv\mfﬂom?Fé W)Caa?w aetCt‘iVF%’e
(BL), 15 wherei 3@, Brellid RrOPRER/QR R raisEIRIywerl liné {R)L )taldesit pha¢BLby

est abl i shi n esired pol ti t at
o ape”belRo e s bbb SOV B ARl
bit Iine (BL) delksinedgolahizatieh kiate whthegiel yainganppf ¢ saltogs beigs appt if@t

ooy 2Py ohes 2 IRhELH URFALIARE At IMANPLY Hnd BR IFRIBL) @éfiding 1) oclt, 1 s

ead operation tmgmpaaa@@pwdiééﬁ%e?@?ﬂw%qa%ﬁéié A HEPT e AR o
Z;M f ggls tngoor gﬂﬁtb mmeomemlry age (vfg br0istaldée rEswitsh betee 1By pokmtatienect i ng
(BL), % states tchere&? Biereil’a Rld %Bgﬁ'ﬁtonctﬂkéseﬂﬁcgﬂy taBﬁlyl?ﬁé a voltRES
smaller than the switching or polarization voltage V; to the memory cell (13)
and detecting at least one electrical parameter of an output current on the bit
lines (BL),
characterized in that

25 the word lines (WL) are divided into a number of segments (S1,.q), €ach
segment comprising and being defined by a plurality of adjoining bit lines
(BL) in the matrix (11),-and that means (25) are provided for connecting each
bit line (BL) assigned to a segment (S) with an associated sensing means
(26), thus enabling simultaneous connection of all memory cells (13)

30 assigned to a word line (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 in the bit line (BL) connected
therewith in order to determine a logical value stored in the memory cell (13)

defined by the bit line.

35 2. A non-volatile passive matrix memory device (10) accordihg to claim 1,
characterized in that said means (25) for simultaneous connection of each bit line
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characterized in that 25 the word lines (W) are divided into a nunber of
segnents (Sl,...q), each segnent conprising and being defined by a
plurality of adjoining bit lines (BL) in the matrix (11),.and that neans
(25) are provided for connecting each bit Hine (BL) assigned to a segnent
(S) wth an associ ated sensing neans (26), 'thus enabling sinultaneous
connection of all nenory cells (13) 30 assigned to a word line (W) on a

segment () for geadoy ge%xle A ()i %55@999915 18 Bdns (38)furoBlalidRbsihdere

segnent (S), enS| erng adapt ed r sensing thé charge
flowin the bltmlulltmiexeBL) connected therewith in order to determne a

| ogi cal value stored in the nenory cell (13) defined by the hit line. 35
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characterized i \ }P’%Ct@‘?kﬁ HP@H?&{ @mﬁ&foﬁhwﬁtl@&%(%g%@ i&)hwtootfheeaCh

bit | \ t d f
Seoment (93w { e cembeeal Borpng Bl ) SeR e R ot st ige Fre”

nul tiplexers. 3segnéibewtd @érlde@td@la\&ﬁh\a&splmiﬁdmuhqur devi ce (10) according
to claim 2, characterized in that the nunber of nultiplexers (25)

corresponds to ghe 5A|rﬁ‘>rng@(ﬂfat1 RUPRSTveQhatPixt mEinB8S déBES (m':)faclabftgngttsegirmnt

(S), each bit I|ne of nt be| copnect ed w th

nul tipl exer. 4. AC*FﬂSﬁCtGBF% iI} abgges?lg}guh%{]?a[ Iﬂ%m}?{e&g# C@f&%“ﬁ%&f%l ng
to claim 3, charagilesersttg meahhgdo)t he out put of each nultiplexer (25) is
connected with ,a single sensing neans (26). 10 5. A non-volatile passive
matrix nmemppy dSV' CeAaffovlatil: paysbleanatrik metioay detiee azentding tohdnim He

si ngl e sensing ans ense, a f I assi ve
matri x nemory dé @r@gteg@(g%g%'?r}pgtﬁ%s@%gﬁ% ng 1 %%ﬁsa% %S?éz)gdﬂ/ slﬁ%na%%;?]lgiﬁergal d
means (25) for si rrultaneous c nnection of each egnment
(S) to an assocPat edASENsY HGHFeRISVEIBF I HUTE W@r)ige%lﬁﬁla%% rﬁh‘?m élaﬁ%ztg
means. 7. A nonchQiaatelrizedp)mslsat\smdmbamsx(?délfmryndétanceusa@mmedtlﬂg of gaeh Bitm 6,

characterized i Tlggg%ie%ff ly Qéh}eﬂ @sto(ﬂésso%mt% Rhsih §§ﬁ9&fﬁr@6§ Shrifg €

connected with each gate neans having a nunber of
out put's cdﬁrespdﬁmsﬁggtlbatglﬂé‘l magder of bit lines (BL) in the respective

segnent (S), 20 that each output of each gate neans (25) is connected wth
a specific bus I7ine 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),

20 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 largest 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,
25 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)
30 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
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(27) of an output data bus (28), the nunber of bus lines (27) thus

scorresponding to | argest nunber of bit lines (BL) in a segnent (S), and
that each bus line (27) is connected with a single sensing neans (26). 8.
A non-vol atile passive matri x nenory device according to claim®6, 25
characterized in that the gate nmeans (25) d§nprise pass gates. 9. A
non-vol atile passive matrix nenory device according to claimé,

characterized in that_ th
met hod for r ead%‘flcgf& ¥ Serg?ﬁrg\g‘ld é‘ééﬁl%?}ﬁ arlr@t(%ﬂioegrr‘iﬁb {}Etd%@Shgseto E}%
cohrrp[) [ tSl ng ﬁn tebleetrbd@sad)ﬁmembmd zeatt(llé) dhe later coostiteting yinlamesr (Bl 1, (nlzf 30
exhi biting hys

ﬁr{elr%:éwsgp%\;lcgge@r Sae?elfl%hﬁldﬁloﬁf&él? gl mﬁﬁ la@lapaRGL Bk sai d

menory materi al r ovi ndw ¢ a first set
and second set §tructs) isgiefinednche mempsy Material{dd) éggﬁoﬁ@némgﬂ‘}‘%‘gor

wherein the el gty oges aal btlmnéé (fB~E) selerdid4he ﬁ@mdrytcetle(mr@fﬂhemnéw) of
t he rrem)ryc\ rt.: \fLrnsll ?IP ?2 cto o 996 ci 1(136 and
are provided in %Y}Sgt( StNLE ‘718165??& ?eargﬁsg’ns m%g”t el ?rodes of
the second set (mERqrytckd (13) tan be selsttivaly iaddrassed fqrrﬁe‘é’rleq?steﬁd Qﬁefatﬂ%vk@eﬁmry
gev' ce (10), "‘“%‘?Mn@ W@)'Eﬁq Bf?P e((B3)), WhERiR vweRBY ler@foh't'o"'d?meﬁ'IoEy'@éMre i's
efined in the %ﬁ'ﬁe at ‘¢ OSSI n ween wo es (W)
and bit lines (BL%) ta PléF%bYﬁétaméﬁl%‘Pﬁ sjred @ %“Z@me‘ﬁéatﬁéﬁgl??celljg% ce
((:élol) ((322)5'[ o ut gn{e'aﬁls @fté%mffage obiny qmsistive thatell xia the)respeeeiveiworddate  nenory
can ect,i r

word Hine (v CRIIRE oif ¥ (BEUSRARR. oo, ik sBplieRdoRRE athal T8 O
(13) takes pl acestbbllﬁsngbld%fmnngeépﬁblﬁzﬁ@@lnﬁﬁllt%lrﬂ @&tqeélrprsk?ed’@%apge oY E‘g“l

by 10 means of g, , | |
line (W) and gll t&% | ﬁg@ve‘%ﬁ thdp ]@fhﬁilz'aﬁgn fs@.tésh‘hefe%'f wﬁb@uﬁ heea[&sp@fatmne wor

.
est abl i shi ng a Cr?ew ﬂ%ﬂ I¥ing A9 essc‘%at Eer thartﬁg Sc“élPﬁmIE)gOBg Lnaz% g Eger
switch thescel Ivobege/v&/@mo tiwempnloay el | Hrarst detestinghatrleadt, Om‘tfétlnala read

oo B BlrRE, B BRlath Brenial h?%ﬁl 8 égaignért@@h%?&n i bty o

pol ari zati on 15P ete | e st
one el ectrical cgmrpawes éﬁepﬁ)foracip%liﬂlb% e FTF“eP\‘?teBHa Stof 3 WOFé;ﬁ‘I‘é‘gg ﬁh'))

glhler ei ndt Ihe net Bmln&qml 1&%8 tlﬁteepcsorﬁﬁratabfﬁshmﬂ ddtgrdihges mipropabent i al s on
WOr I nes

according to a éiv%zpék?mg %18%5?0 ténes éqgc?ée@ f EhmﬁOﬁqﬂ{e@Ia}ﬁtﬁgPB%hl L

ric ences for ’all word
| i nes and BDt Immasgmgzsmdaproingwlrtg O@mmwpmte@é@lyc oa%‘ﬂ)rrprl se a read cycle,

and provi di ng dughididd@ufis@theal yéR ol hR *ASTIgNMeARADSchee Sliges char ges

flowing in the bit lines, and wherein the method is characterized by
dividing the word lines (WL) into a number of segments (S1,...84), each
segment comprising and being defined by a number of adjacent bit lines (BL)

25 in the matrix (11), connecting each bit line (BL) within a word line segment
(S) with an associated sensing means (26),
activating according to the protocol one word line (WL) of a segment (S) at a
time by setting the potential of said one word line (WL) of the segment (S) to
the switching voltage V, during at least a portion of the read cycle, while

30 keeping all bit lines 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

35 keeping all word lines (WL) and bit lines (BL) when no memory cell (13) is
read or written, at a quiescent voltage of approximately 5 of the switching
voltage Vi,
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flowwng in the bit lines, and wherein the nmethod is characterized by

s dividing the word lines (W) into a nunber of segnents (S1,...Sq), each
segnent conprising and bei ng defined by a nunmber of adjacent bit |ines (BL)
25 in the matrix (11), connecting each bit line (BL) within a word |ine
segnent (S) with an associ ated sensing nedfls (26), activating according to
the protocol one word line (W) of a segnent (S) at a tinme by setting the
potential of said one word |line (W) of the segnent &g{ to the swtching
vol tage VS duri aefivatingessording & theoprosgcod wae medd [ VEh) aht Heesly ReEEBEng
all bit lines ofhelhiRes@dEnhid Se dord Ehe (WL )est thalsegi@balt (SJabeharswitoginghe

| ogi cal | t d t he individual.. el | . : .t h
sensing moans (Seyag.Y ' AroRal Faste D5t dITOREY R k8o ihite RERRRE LS g
to claim 10, cliaca(k)yoztd sogmBSt kBegtizerp adtentiek dnfli nes (W) and bit Iines
(BL) when ng rreaa%yrgﬁg@ %}?}eé-%a? valR3doRl iWthé hflvidah ﬁae%r?%@ﬁ@(l_%m tage

of approxi mately 3 chi n& vol tag?1 VS, c:\work\transtil'linger\o
p632apct eng. doderged bydhe sersinggeans M HyIneheAeadhFiiecol one word Iine
(W) at a tine by setting the potential of said one word |line (W) of the
segment (S) to ihe sThe u$d ofja nonivodajde wessive magrinmanetdeyigroti®on of the
read cycle, whilg&dt@RRitB% Akl 1Rl a hiMed foBkdadelit AR r&R@NBMairS)1 0 #t azer o
potential, and 5 determnnin i ndi vi dual

the | ogical value stored in,t
memory cel |'s (139UMSHE dglasForags aé’@ggait‘ﬁbwﬁgfn@ufaééyo ﬁ?qcﬁﬁgﬁ_%ﬁ ead cycle.
12. The usé0of &P n¥p:Vvokath layepéRsiorepmung ioxe wé tiny poteviatde passive awtnx di ng
to claim1 and dout according to claim10 in a volunetric
data storage ap%gﬁrgggﬁcga(g@%l urality of stacked layers 10 (Pi, P2,...),
each layer (P) conprising one of the non-volatile passive matrix menory
devices (10). c:\work\frensu Ilinger\o p652apcteng. doc
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