-1- . =" .NON DESTRUCTI VE READ FERRCELECTRI C MEMORY CELL =
UTI LI ZI NG THE RAMER- DRAB EFFECT This invention relates to a
random access menory, and, nore particularly, to such a nenory 5
that can be interrupted during readout w thout |oss of the stored

i nf or mati on. Many mlitary and sonme civilian systens
require data storage capability in a random access menory that s
nonvol atile and resistant to data 10 |oss due to disruptive events. A
nonvol ati |l e nmenory retains the stored data~even when power is turned
off for a period of tine. Such nonvol atile nenories are often based on

physi cal changes tha ' V.6 n.d ' d,
whi ch physical 15 chgﬁgggﬂg§tﬂﬂgglygb§§§§® g¢k§§E§3%¥@§gCu@gﬁoFﬁéﬁiggg
of power. Ferr oel eBTELEZING Bl Er RAMER-DRARVEFFECTheen
successfully devel oped for use in nonvolatile nenDrles

appl foation of an el ebitBcat By tpn PIFE1E R UE CAnaFERS %E%ts»ﬁe
change under gone EFMQ#YonagnéblcmﬂninpmstﬂouM%nﬂw ta maghnacmempmmj
is applied. 5 Thehfzef r oghBCt beC intermiptéal duadsdderadisatagastidat lbss
physical state of the stored information.

Many military and some civilian systems
require data storage capability in a random access
memory that 1is nonvolatile and resistant to data

10 loss due to disruptive events. A nonvolatile memory
retains the stored data even when power 1is turned
off for a period of time. Such nonvolatile memories
are often based on physical changes that occur in a
memory element when data is stored, which physical

15 changes are not reversed or randomized upon the loss
of power.

Ferroelectric materials have been
successfully developed for use in nonvolatile
memories. A ferroelectric material i1is one whose

20 physical state changes upon the application of an
" electrical field, in a manner analogous with the
change undergone by ferromagnetic materials to which

a magnetic field 1s applied. The ferroelectric
material has the advantages that its physical state

25 can be controlled by the application of a voltage
rather than a magnetic field, a measurable physical
state 1s retained after a power loss, and small-size

memory elements can be constructed by
microelectronics fabrication techniques, which
30 result in memory elements which consume 1little
power., '

Random access memories can be classified as
destructive readout (DRO) and nondestructive readout
(NDRO). In the destructive readout memory, the
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25 can be controlled by the application of a voltage ~ rather than a

magnetic field, a neasurable physical state is retained after a power

| oss, and snall-size menory el enent s can ' be constructed

by - m croel ectronics fabrication t echni ques, which 30 result in
menmary el enents which consunme little power . Random
access nenories can be classified as destructive readout (DRO and
nondestructi ve readout ( NDRO) . In the destructive readout nenory,
t he -22- physical state of the
menory unit is altered upon r eadout such that the stored data value is
lost to t he i es Ll hefe a

| oss of |nforrrat|on e st ét%lﬂval S’g mJ 5’9 Illlgg g%t aqteearc%& hu}:S)on

readout so that tﬁ?%ﬂﬁﬂ?ﬂiﬁ%?& th%%eat%ﬁaﬁFQBﬁﬂ data yalyghdeyukest to
readout. In the the ammmeyoﬁnrlefsrsessrummef- blet idat aisi takenQossid! £vbod

read the data onl¢ndae loss of - 1dgbAHLY1 8RN 'Hs,aé'@e& el VEad st BEY
t hat 10 refrgihln%f C%%Eésfla? y occur % F

readout / refresh cy&r&e r uBt teE ﬁ&ﬁknﬁeﬂéﬁﬁ i &P haﬁaih@héﬁﬁﬁﬁ@ data
enpl oyed in such éreuatdawmblabihe fout hex agubse@uen& hewdotrt. thain the
assunption cannot gp e e |
i vt L R

In many applications, it may be assumed that

10 refreshing can reliably occur as a regular part of a

readout/refresh cycle. Destructive readout memories

may therefore be employed in such situations. 1In

other applications, however, that assumption cannot

be made  because there may be a disruption

15 experienced by the system in the brief period of

' time between the moment when the readout 1is

accomplished and the moment when refresh would

normally occur. Such disruptions can result due to,

for example, power interruptions to civilian systems

20 and nuclear events which may be experienced by
military systems.

To date, ferroelectric destructive readout
memories have been developed and applied. While
useful for some applications, such memories are of

25 1limited value where the system must be resistant to
the effects of disruptive events. A nondestructive
readout (NDRO) ferroelectric memory would have
application in situations where the memory state
must be retained through extended power outages and

30 also must be stable through brief, multiple
disruptions that may occur while the memory is belng
read. Several nondestructive readout memory
approaches have been proposed. However, none are
truly nondestructive in the sense that the data may

35 be read an arbitrarily large number of times without
refresh.
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time between the nmonent when the readout is acconpl i shed and
the nonent when refresh would normal |y occur. Such disruptions can
result due to, for exanple, power interruptions to civilian systens 20
and nuclear events which my be experienced by mlitary systens.
To date, ferroelectric destructive readout menori es have been devel oped
and applied. Wile useful for sone applications, such nenories are of 25
limted value where the systemnust be resistant to the effects of

di sruptive events. A nondestructive readoaB- ( NDRO) ferroelectric
menory would have application in situations where the nenory state
nmust be retained through extended power outages and 30 also nust be

st abl e through brief, nultiple di sruptions that may occur while the
menory i s being read. Sever al nondestructi ve readout nenory
approaches have been proposed.SUNMARYEOF MBiE: INVENTIONul y
nondestructive in the sense that the data nay 35 be read an arbitrarily

| ar ge number of tines wthout refresh,.

- 3- ToRvary @ efeRENVENTIIBYention provides a

ferroelectric-based memory that is nonvolatile. The
memory utilizes a true nondestructive readout and is
5 stable against data loss resulting from
disruptions. The memory provides usable readout
signals even after an indefinitely large number of
disruptions and/or reads without refreshing. The
memory utilizes little power and is compact. It may
10 Dbe fabricated using microelectronic fabrication

techniques. The memory may be provided in a form
that 1s also hardened and stable against radiation
damage.

In accordance with the invention, a memory

15 unit 1is ©based upon a ferroelectric capacitor having

an insulator formed of a ferroelectric material

characterized by a zero field capacitance that

varies according to the manner in which the zero

field state 1is reached. The material reaches the

20 first zero field capacitance after the polarization

has Dbeen saturated by applying a voltage of at least

several times the coercive voltage in one

direction. To obtain the second zero field

capacitance, the material is first saturated by

25 applying a field of at 1least several times the

coercive field of the material (as above), followed

by a partial depolarization by application of a

fleld of about +the coercive field in the opposite
direction to the initial saturation.

30 The memory wunit may use one or two of these
ferroelectric capacitors, arranged in parallel if
‘there are two. The memory unit includes means for

writing two different polarization states to the
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The pr esent I nvention provi des a ferroel ectric-based nenory

that is nonvolatile. The menory utilizes a true nondestructive readout
and 1s 5 stable agai nst dat a | oss resul ting from

disrupti ons. The nmenory provides usable readout signals even after
an i.ndefinitely | arge nunber of di sruptions and/or reads w thout
refreshing. The . nenory utilizes |ittle power and is conpact. It may 10
be - fabricated using mcroelectronic fabrication t echni ques. The
menory may be provided in a form that is-4trso hardened and stable

agai nst radiation damage. In accordance wth the

i nvention, a ”E”U?¥r¥%ef€35riés ba%@$% Pl R Lgrroele [dcC Cap%%ff%rent

havi ng an insul tor orne er roe %ria
characterized byPP4ari&ati 94e|%ta§§§m§Q¥#@@tiﬂgaﬁiff&&ﬁmésSt&ﬂﬁ#cﬁﬂga

to the manner Valweisch the Pieepe ifs elalls6t aneaniss feRchpdadill® . the

material reaches g a%QﬂHﬂéﬁ(é?ro L:g%é*ﬂ¥?kf8@§%é¥¥f¥ thP@@fqégegbon

has been saturs’;\ted ¥1 ylﬁg

the coercive éﬁﬁp 15%@ ng (i e onchargero seatein afhe the
second zero fiefarroedammnceapammes)ahnuSWfimmiusaappatyqdag)yaZEC
applying a field plagt |f93stq Sevsr akpl ”qﬁezt{‘&alec%?qrc' é‘%ééglt%rg } If

parti a epoI arl za cation

material (as abov follao
of a field of 8%% Vﬁb%’r%.%"i‘f’&kf‘f#%ﬂecapa@ém@ isdPﬁ@@tp ilgn the
the initial saIurE?W@ﬁY:ﬂﬁnit thee abswlyteunvhluedsy usf dthe dwd V®epd

these  ferrtel ecleil@ Caudd OfSncas! a'ﬂﬁf&t' ”anE-ébb%udé?? Bh%rheat A fley
h

two. The nenory t clu an Wit
pol ari zati on statﬂg&tobgh ‘EF ngui ea from eac Other two

ferroelectric capacitors are used, the 1nformation
may be stored as a relative capacitance value. The
latter 1is preferred, because of possible variations
15 in the characteristics of individual ferroelectric
capacitors that are formed in large memory arrays.

Storing the information as a polarization

state in a ferroelectric capacitor renders the
| memory nonvolatile. The ferroelectric polarization
20 state changes only under the application of an input
field, so that the stored information will not be
lost 1in the event of a power outage. When the
stored data is read, only the capacitance is sensed,
and there 1is no switching of charge or polarization
25 state. Consequently, the data may be read from the
memory unit as many times as desired without
altering the state of the ferroelectric capacitors
or the stored data. The memory is therefore immune
to data 1loss by power outages at any time or
30 disruptions during the read/write cycle.

The present invention provides an advance in
the art of random access memories. The memory of
the 1invention 1is nonvolatile and utilizes a truly
nondestructive storage and readout that is resistant

35 to disruptions occurring when the stored data is
being read.

A}



-4- ferroelectric capacitor(s), t he di fferent

pol ari zation states reflecting different stored data val ues. There
is also means for reading the capaci tance(s) of the ferroelectric
capacitor(s), 5 wthout swtching the charge state -of t he
ferr.oelectric capacitor(s) and w thout applying a DC bias field to the
ferroelectric capacitor(s). If only a single ferroelectric capacitor is
used in the menory unit, the absolute values of the two zero 10 field
capaci t ances nmust be recogni zed so that they=5- may be distinguished
from each other. If two ferroelectric capacitors are used, the

i nfor mati on may be stored as a rel ative capacitance val ue. The | atter
is preferred, because of possible variations 15 in the characteristics of

i ndi vidual ferroelectric capacitors that are forned in | arge nenory
arrays. Storing th8RINPOIDESCRDIPTION [OF arHEADRAWINGState in a
ferroelectric capacitor renders the menory nonvolatile. The
ferroelectric polarizatiop,20 state changes only under the application of
an i nput field, so thaflBHESstdredl$ ntoraRacdtanee-rodtsge Plotifox a
the event of a poWdr oufepeceleetrtive materddldatwséd read, 18y phesent
capacitance is seqsfftbntiofRd there is no switching of charge or

pol arization 25 state. ?bnsequenthéé the data may be read fromthe
memory unit  .as many TigULe o2 i RegaPRiciHARCEe-ValtagenP Lok foxt @

of the ferroel ect i¥Piephctooventiomal hfeproedd ot bc mAterdAYy i S
therefore i mmune to dafaghpes &y POVEraO0ULRGRhAE1 8NYrht TR of a basic
memory unit using a single ferroelectric capacitor;
Figure 4 1is a schematic drawing of a basic
10 memory unit using two ferroelectric capacitors or
one ferroelectric capacitor and a linear capacitor,
in parallel:
Filgure 5 1s a schematic drawing of a basic
memory unit using two ferroelectric capacitors in
15 series; and
Figure 6 1is a block flow diagram for the
method of practicing the invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention 1is based upon the

20 utilization of a newly observed phenomenon found in
some ferroelectric materials, which has been named
the Ramer-Drab Effect. Figure 1 depicts the
capacitance-voltage characteristic of a
ferroelectric material used in the present invention

25 as the ~Insulator in a ferroelectric capacitor. The
useful capacitance characteristics can best be
understood in a discussion of the behavior of the
material during the application of an electric field

to the material. Throughout the discussion

30 reference is made to a "Y1" material that



30 disruptions during the read/wite cycle. The present invention
provi des an advance in the art of random access nenories. The nenory of
the“invention is nonvolatile and utilizes a truly nondestructi ve storage
and readout that is resistant 35 to disruptions occurring when the stored
data is bei ng read. BRI EF DESCRI PTI ON OF
THE DRAW NGS Figure 1 is a capacitance-voltage plot for a Y1l
ferroelectric material used in the present i nvention; 5

Figure 2 is a capacitance-voltage plot forer typi cal conventiona
ferroelectric material; Figure 3 is a schematic drawing of a

basic ~ memory %ﬁﬁmmeassmeﬁs reaehild | crapRagidlirtc material

Figure 4 mat.1 c menor uni t t Wo
ferroelectrlc capatitBidife  thge 3@??6@3£ﬁ9|%f€§ﬁ§mIxﬁh%ﬁﬁ 53 Fﬁ ces
capaci tor, I n gaeal nplde not by whygwfe 1imitstian sdhetlei efdleat ragnadf

a basic its application, but by way of illustration of
5 values and properties.

Figure 1 1s a capacitance-voltage plot for a .
material exhibiting the Ramer-Drab Effect, in this
case the Y1 material. As a negative voltage of at
least about six times the coercive voltage, or about

10 -3 volts or greater in the case of Y1 material, is
applied across the ferroelectric material, the
capacitance of the ferroelectric material follows
curve 20 to the 1left to the fully polarized state
22. When the electric fleld 1s removed, the

15 capacitance follows the curve 24 to the right, to a
first zero field capacitance 26. Thus, creation of
a saturated polarization state in a first direction
results in the first zero field capacitance 26.

As a voltage 1s next applied in the opposite

20 direction across the ferroelectric material, a

positive voltage in the illustration, the
capacitance follows the extension of curve 24,
indicated as curve 28. As the positive voltage
increases, the polarization state of the

25 ferroelectric material changes from the fully
saturated polarization state to a partially
polarized state. However, in the present approach
the applied positive voltage 1s 1less than that
required to fully saturate the polarization state,

30 and is preferably about equal +to the coercive
voltage, as shown in Figure 1 at numeral 30.

When the voltage 1is returned to zero, along
curve 32, the capacitance 1is measured as a second
zero field capacitance 34. The second zero field

35 capacitance 834 differs from the first zero field
capacitance 26 by a relatively small, but definite
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menory unit using two ferroelectric capacitors in 15 series; and

Figure 6 is a block flow diagramfor the net hod of practicing the
I nvent i on. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

-The present invention is based wupon the 20 utilization of a newy
observed phenonenon found in sone ferroelectric materials, which has
been naned the Ranmer-Drab Ef fect. Figure 1 depicts the

capaci t ance-vol t age characteristic o} . a ferroelectric
material used in the present invention 25 as the insulator in a
ferroelectric capacitor. The usef ul capaci tance characteristics can

best be  under ghgody Ieraséhxdwwssgm;pﬂcimnéehauhqvmfeﬁbe (aswesia).

d th | f | ot
Throughout he —dEcLSARAF LEPTEPeAIIdeTepge L, tapiGelhCbitpe order

material that of about 10 percent of the capacitmnce vadyasigpdsis
the preferred fehuepleifddne ofm"tﬁre' adouagébl Ebglﬁ(bdhe Rarrer - Dr ab

Ef Th f f
oot T LT Rl ity Tl Sheidhsh o9 et

writing to a single ferroelectric capacitor to
establish the first =zero field state 26 to record
one sense of a binary data bit (e.g., the "0" state)
and, at some other time, to establish the second

10 zero fileld state 34 to record the other sense of the
binary data bit (e.g., the "1" state). The data is
read from the memory unit by sensing the capacitance
value in a conventional manner. If, as 1is
preferred, the sensing of the capacitance is

15 implemented such that it does not alter the
polarization state, the data bit can be read from
the memory as many times as desired, without
requiring any refresh of the memory unit. For
reasons that will be discussed subsequently, 1in

20 practical applications 1t 1is preferred to use two
ferroelectric capacitors arranged in parallel so
that the opposite states can Dbe alternatively
written to the +two ferroelectric capacitors and a
differential capacitance sensed during reading of

25 the data. This memory unit using two ferroelectric
capacitors operates on the same physical principles
discussed above in regard to the ferroelectric
material as the memory unit using a single
ferroelectric capacitor.

30 Figure 2 illustrates, by way of comparison,
the - capacitance behavior of a conventional
ferroelectric material when driven to the fully
saturated polarization states by an applied field.
When the ferroelectric material is fully saturated

35 with a negative voltage (the leftmost extent of the
curves) and returned to the zero field state, a zZero
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5 val ues and properties. Figure 1 is a capacitance-voltage pl ot

for a material exhibiting the Ranmer-Drab Effect, in this case the Y1
material. As a negative voltage of at | east about six tines the coercive
vol tage, or about 10 -3 volts or greater in the case of Y1 material, is
appl.ied across the ferroelectric material, the capaci tance of the
ferroelectric material foll ows curve 20 to the left to the fully

polari zed state 22. When the electric _field is renoved, the 15
capaci tance follows the curve 24 to the'righthfo a first zero field
capaci tance 26. Thus, creation of a saturated polarization state in a

first direction fdedd ts dapdbethhecsl zes® fiekd capael@dge 26. If the
As a voltage is nef%r?@@fé%kﬂfbthe?%%?¥ﬂée}%g 85?%%: ertﬂgfiy sagé}ated

ferroelectric material,
illustration, th¥1th carneshhtee voltame (hbe olghrigiast ektewdr f BHe

in?icated_ as curvurv%&R dﬁ? thétﬁ@ﬂédvet30|tﬁ§ezerdrFi€§§e§¢atéhethe
pol ari zation 5 stg 0 err myterd al . chan
hfie Olzerd eff% 14 %‘é{ %{angg 5 1 §APFEFV %%s hag]

the fully saturated _polarization
pol ari zed state. istmé%ﬁ' 4?P?heféﬁéﬁyncapp¢éaance tpnpduppﬂ|®w fully
positive voltage sa$uﬂa£ingtYEMB pbalarizd€0oh’ ednn@t Wd YusSahUiaideifeag

pol ari zation stateg aQt%Pqndiéhtﬁ}eferab|y about equal to the
coercive vol tage, as shown_in ure 1 at nuneral 30. When t he

voltage is returned to zero, LEbngelecdnie maperipglec knospmces akde e¥hibits
nmeasured as al@ecotlie dﬂémmrémﬁidl e#eLi £ Bt cépaciliEhSeCc@idciised in

field 35 capaC|tan§ela%qoﬂnff he ,first z fi
y sna%@ %) 1. Tnd E%peferred Y1

capaci tance 26 b¥ at| ut_definite
erroe ectric material is a known layered
superlattice ferroelectric material that is

available commercially from Symetrix Corporation and

15 is described, for example, in PCT publications
w093/12542, w093/12538, and w093/10627, whose
disclosures are Incorporated by reference. Y1
generally has a composition of

(Alyg)+al (azyp)taz. ., (ajyy)+al

20 (S1g1)*+81l (S245)+82, . (Skygy)+Sk
(31y1)+b1 (B2y2)+b2...(31y1)+b1
(QZ)_zs

where A1, A2, +++ AjJ are A-site elements 1in a
perovskite-like structure; si1, 82, +ss Sk are
25 superlattice generator elements; Bl1, B2, and Bl are
B-site elements in a perovskite-like structure; Q is
an anion; the superscripts indicate valences of the
respective elements; the subscripts indicate the
average number of atoms of the element in the unit
30 cell of the perovskite-like structure, and at least
wl and yi1 are non-zero. " Examples of A-site elements
include strontium, calcium, barium, bismuth,
cadmium, and lead; examples of B-site elements
include titanium, tantalum, hafnium, tungsten,
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-1- and neasur abl e, capacitance difference (delta C). The
capaC|tance difference is typically on the order of about 10 percent of
t he=capaci tance values and is i ndependent of the voltages applied. 5

A- menory unit can therefore be based upon witing to a single
ferroelectric capacitor to establish the first zero field state 26 to
record one sense of a binary data bit (e.g., the "0" state) and,

at -sone other time, to establish the second 10 zero field state 34 to
record the other sense of the bi nary dard~ bit (e.g., the "1" state).
The data is read fromthe nmenory unit by sensing the capacitance

vakue in a C%Yﬁ%&uﬁnalanﬁan%¥rco Examples Tef%ﬂﬁﬁblaEQ§ce

sensi ng of the ca g tance enente oes

not alter the &€ PfatlﬁﬁQQ%ﬂ¥§ thén&éH¥QMt Eiﬁmﬁégweadq?%ﬂg um,
the nenory as ywEwiumi,nes lanthhesumed, wnthiowdny, reduiomingm, anyand

reiresh of the MRAPLYumil! ! exanffes . bASONMidRL W indihdd SCHRggen,
subsequently, i:n 2 ctical plications Is preferred to use two
ferroel ectric éapag?}gFg Srrﬁﬁaegql g PEr1 el so that the opposite
states can be alternatiThely lamwreden t superlabtieer oelfemroelectric
capacitors and a matéirihekentsth C@@aﬁita%ehsae%m feki 3G PRtk HOf et 12ue
the data. This negor'y nit us nitﬁ ierroel ectric s.capamn&ors e
operates on the séﬁg ok ?lcalﬁﬁé¥ HFie BT QReELLES -above MY | QFRSF
to the ferroelaﬁ¢r%06 eciitiay | amatepialshe exhidnbty a udiegragahgons in
single fermoel e i+C pINAT AU 1N progeﬂiib%e a?téﬂ'dﬁﬁéﬁéﬁ§ stite
way  of conparlsom’witchgg é?”x¥ﬂéan%ype @%ﬁﬁf%ed OEn a ferpggfg f¥¥%
memory device. Materials such as Y1 are not subject
to much, if any, fatigue-based degradation.
Figure 3 depicts a basic form of a memory

135 unit 50 having a single ferroelectric capacitor 52
whose 1nsulator shows the differential-capacitance
phenomenon. A first side of the ferroelectric
capacitor 52 1is connected to a variable voltage
source . 54. A second side 1s switchably connected to

20 a saturating voltage source 56 having a voltage
sufficient high to fully saturate the ferroelectric
capacitor 52, to ground 58, or to a measurement
capacitor 60. A voltmeter 62 also communicates with
the second side of the ferroelectric capacitor 52.

25 Data 1s written to the memory unit 50 by
connecting the second side of the ferroelectric
capacitor 5§52 to the saturating voltage source 56 to
fully saturate the ferroelectric capacitor 52 in the
negative direction, and thereafter connecting the

30 second side of the ferroelectric capacitor to ground
58. A voltage pulse 1is produced by the variable

. voltage source 54. If the ferroelectric capacitor
is to be 1left in the first zero field capacitance
state to record, for example, a "0" data bit, the

35 voltage  pulse has a zero voltage. If the
ferroelectric capacitor 1is to be left in the second



ferroelectric material when driven to the fully saturated pol arization
states by an applied field. When the ferroelectric material is fully
sataurated 35 with a negative voltage (the | eftnost extent of the
curves) and returned to the zero field state, a zero

field capacitance 36 is observed. If the ferroelectric
material is thereafter fully saturated with a positive voltage (the
ri ght nost extent of the curves) and returned to the zero field state,
the 5 same zero field capacitance 36 ist®bserved. That is, the
zero field capacitance produced by fully saturating the polarization

cannot be used itgp %&B ﬁieldai%ﬁﬁéﬁkgﬁ(Eﬂé¥at?laP recor&‘f?BEo%Q%ﬂﬁié

mat eri al known as fferen zero field ca aC|t
di scussed in ?elaﬂlon daty bEtgyr $he | voltagenpulsgp e, ggPo
ferroelectric vol tagel aS|sshown MmmMFigmnge&edprefenpbﬂwabuu&i to

ferroelectric gﬁgﬁ&la&hetr@%e &%e é?@g#@blgfco C|ggkydgyyatr1c
Synetrix Cor PQr at | on g%@ i's iV%%be exarwfS le al,
publ i cati ons X, V‘é§3/ 8 cas%nﬁf b7 e1
di scl osures ar e‘chencnleygaht’eel sbyuradfimgencel tageYls -4 gveqértal | wrthstlae
conposition of  positive voltage is about 0.5 volts.
The data 1s read by any approach that can
sense the capacitance value of the ferroelectric
10 capacitor 52. The reading approach preferably does
not utilize a switching of charge in the
ferroelectric capacitor, as this would reduce the
number of possible interrupted reads to a value that
depends wupon the switched charge. The reading
15 approach also preferably does not utilize the
application of a DC biasing voltage to the
ferroelectric capacitor, as this requires additional
circuitry and can also cause switching of charge.
In the 1illustrated memory cell 50, data is
20 read from the ferroelectric capacitor 52 by
connecting the second side of +the ferroelectric
capacitor 52 to ground through the measurement
capacitor 60, applying a small read voltage pulse,
typically about 1 volt, to the first side of the
25 ferroelectric capacitor 52 using the voltage source
54, and sensing the voltage on the second side of
the ferroelectric capacitor 52 using the voltmeter
62. The greater the measured voltage, the higher
the capacitance of the ferroelectric capacitor 52.
30 A read logic wunit 64 uses the values of the first
zero fileld capacitance state and the second zero
field capacitance state used to store the data bit,
together with the measured voltage produced by the
read pulse, to determine the identity of the stored
35 data.

While operable, the memory cell 50 has the



(Alferr])[err] (A2[err])[err] . . (Aferr])[err] 20 (Si[err])[err]

(S2[err])[err]...(Sk[err])[err] (Bilferr])[err]

(BZ[err])[err] .(Bl[err])[err] (Qerr])[err], where Al,
. A are Asite elements ‘in a perovskite-like  structure;

Sl,_ S2, ... Sk are 25 superlattice generator elenents; Bl, B2, and

Bl are B-site elenments in a perovskite-like structure; Qis an

ani-on; the superscripts indicate val ences of the respective el enents;

t he subscripts indicate the average nunbél-of atonms of the elenent in

the unit 30 cell of the perovskite-like structure, and at | east wl
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-0- ni obi um aetuwracpni um Theaw ! esadiiesupean aldpered upganeraatbations
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ant i nony, chron1un1 Fons e
oxygen, 5 chl o?i nd ETARLkECBF LRe. capacitor TheFoﬂe%&%%ﬁge mﬁﬂﬂﬁya%YFBEv
ferroelectric chteer | atsr sathoas Y1 e twbeghl W nddsi sdeal t Tefratdglectric

capacitors may be sufficiently great that ambiguity
can arise 1n sensing the stored data values in
different ferroelectric capacitors. Reference

10 values must also compensate for temperature effects
in the ferroelectric capacitors.

To overcome this problem, known techniques
for constructing two-capacitor memory units can be
used. The two—capacitor memory unit allows

15 information to be stored as the sense (i.e.,
positive or negative difference) of the capacitances
of the two capacitors, so that the absolute values
of capacitance of the capacitors need not be known.

Referring to the embodiment of a memory unit

20 70 1illustrated in Figure 4, the first sides of a
first ferroelectric capacitor 72 and a second
ferroelectric capacitor 74 are connected in parallel
to a variable voltage source 76. The second sides
of the ferroelectric capacitors 72 and 74 are

25 connected to a write/ground source 78 having the
same function as the saturating voltage source 56
and the ground 58 of Figure 3. The second sides are
also connected to a capacitance or differential
capacitance measuring instrument. In this case, the

30 second sides are connected to ground through
respective measurement capacitors 80 and 82, and to
a differential voltmeter 84. The differential
voltmeter may be supplied with an isolation buffer
to ensure that the reading of the capacitance states

35 cannot alter these states. A read logic unit 86
interprets the relative magnitude of the sensed

£



of the pol ari zati on properties. Many ot her ferroelectric
materials exhibit a degradation in 10 their polarization properties after
nuner ous state switches of the type required in a ferroelectric
menory device. Materials such as Y1 are not subject to much, if any,
fati gue-based degradati on. Figure 3 depicts a basic formof a
menory 15 unit 50 havi.ng a single ferroelectric capacitor 52 whose

i nsul at or shows the differential -capacitance phenonenon. A first
side of the ferroelectric capaci tor 52125 connected to a variable
vol t age source . 54. A second side is switchably connected to 20 a

saturating voltaggpaqWdifce °0d1 FR¥rRAcel VO! 1 9HRse AWnid et §Nbplirditd Oin

fully saturate th erroelectric capacitor 52, to ground 58, .or to a

rreasﬁr enent cagggi t 5T, W%‘Ffrreta%‘r @%?’éﬁsegméﬁ! ca‘f"efa%iif’ﬂ to i He
second si de of thembedicEnttef cFtgpae try &RcepPd as disdmssedi nex®itten
ferroslectrios aapacitor 52 1 o0 e o e e feoiectric
fully saturat® thgaggﬁioteqrecﬁ#c iﬁpaartiowe%Z gﬂ tﬁ’é‘eg giPrPvESES LT 04,
and t hereafter corppacitipnde 30statesd sinid othehe sfearamdt| eferiroedapatrior
to ground 58. capacddr@gezapulge drsiwERdUesd Rhd o vRérablre the zero

e 100 oo o Bhpd Rl ERRRELC T Ce R0 (b, whpd B LY Bop
data bit, the 35 exempg, ptheefingd ferroeteotris tcapacitorf is riven
ferroel ectrigocapae t ajhé s 16wép | 8blrd F1dEdSeapaditance and the second
ferroelectric capacitor is driven to the higher zero
field capacitance. To write a "0" in this example,
the first ferroelectric capacitor is driven to the
higher zZero field capacitance and the second

15 ferroelectric capacitor 1s driven to the lower zero
field capacitance. The data is read by determining
which of the two capacitors has the higher
capacitance, and there 1s no need to establish the
absolute capacitance values.

20 The memory unit 70 also is§ operable if only
one of the capacitors 72 and 74 is a ferroelectric
capacitor and the other is a conventional linear
capacitor.

The Ramer-Drab Effect has been demonstrated

25 in the Y1 material. A ferroelectric capacitor was
constructed which had a first zero field'capacitance
of about 3.42 pf (picofarads) when measured one
second after being established. The capacitor had a
second =zero field capacitance of about 3.77 pf when

30 measured one second after being established. The
stabllity of the capacitance difference was

determined by establishing the Zero field
capacitance state, measuring the capacitance,
allowing the ferroelectric capacitor to sit for
35 period of time, and then remeasuring the

capacitance. It was projected from measurements

)
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-10- zero field capacitance state to record, for exanple, a "1"
data bit, the voltage pulse has a positive voltage as shown in
Figure 1, preferably equal to about the coercive voltage of the
ferroelectric 5 capacitor. In the case of a typical Y1 material

the negative saturating voltage is -4 volts, and the positive voltage is
about 0.5 volts. The data is read by any approach that can

sense the capacitance value of the ferroelectric 10 capacitor 52. The
readi ng approach preferably does not uti14i%e a swtching of
charge in -the ferroelectric capacitor, as this would reduce the

nuaber of possi bl ek pbRAHWY €d fLads; §o a wé@n&§'at thadSPendiStnoRph e
swi tched charge. h ream|¥%£ﬁgsapgkpach a
a

T r ef er abl oe
not utilize the °apaﬁg|t?6’e&% on agge b?igghé'ﬂyvdﬂ%eh’flﬁ’ %'ﬁ’eey
ferroel ectric capareor, saf fildkentelyi r estaddie i onthat cithri tegpand temce
SBSOdC?US? S\é\ﬂ tCh'd‘gfﬁ]{er%WéJ?hof the zer'loI '}j[ité"fd' bhb&rcfi?ctef}%%'eg’@éi‘.e%e'does
, data is rea LO e erroel ectric aci t,or
connecting the secddRl sﬁﬁ?%ﬁ t%e #%rrB?P&ﬁﬂﬁcPf %ﬁgpgayg}naﬁzdgfgerence
ground through twetikpashaent1012capecionsds 50, afpleyiuspfubness odache

vol tage pul se, RamepaDBatrboid laVobheild £die §thdleS! domi-téPmlmemory

ferroel ectric capagjt usi ng the voltage source 54, and sensing the
vol tage on the segg%deéFiéqﬁ pﬁbY%@‘ferroelectric capacitor 52 using the

vol t met er 62.  The greatdamonsbrasiomw aewmoryagdeyiae himethat hown
capacitance ofptheifier Faghaw ri£ capacii@cdizsedOcatl i'edadrasd 08bhis trtidted4

second zero 11 eTRCERE.cr R cHire GEATbrERErAY noaadlfor® e ' Was

toget her with the HieR3ac&d volhkge Brodddaeayy theapacitor as discussed

earlier. The ferroelectric capacitor used Y1 as the

insulator material, was 0.18 micrometers thick, and

15 was 100 x 100 micrometers in lateral dimensions. A

data Dbit was successfully stored and read by the

approaches previously described. To determine

whether the memory wunit had a truly nondestructive

readout, 105 simulated read pulses were applied

20 without any refresh of the stored data, and then the

stored data was again successfully read. There was

substantially no degradation of the measured
capacitances after 105 reads without refresh.

Figure 5 depicts another type of memory unit

25 90 utilizing the ferroelectric capacitor exhibiting

the Ramer-Drab Effect. A first ferroelectric

capacitor 92 and a second ferroelectric capacitor 94

are connected 1In series to a voltage source 96 and

act as the data storage cell. A linear first sense

30 capacitor 98 and a linear second sense capacitor 100

are connected 1in series to the same voltage source

96 and act as a reference cell. A sense amplifier

102 1is connected between the two series arrays, with

a first input 104 communicating with the 1line

35 connecting the ferroelectric capacitors 92 and 94,

and a second input 106 communicating with the line

A}



read pulse, to determne.the identity of the stored 35 data.
Wi | e operable, the nenory cell 50 has the dr awback t hat
t he-absol ute val ues of the two zero field capacitances nust be known to
sone degree of accuracy. These val ues can depend upon vari ations
in the dielectric material and the geonetry of the 5 ferroelectric
capaci tor. For a large nenory array, the wvariations bet ween
i ndi vidual ferroelectric capacitors naydP sufficiently great that
a

anbiguity can arise in sensing the storec ta values in di fferent

ferroelectric capacitors.” Ref erence 10 val ues nust al so conpensate
for tenperature egpfigleztingn !Rfef €7 'RYKCI 1 £2pBRAAUSES. 98 and

1e0.
meor y uni t5 can BRTOTTRNEPR  © Lfd VL ERR kD! t SR FerBrRO i LY | ool
15 information &enep@allyoredin as thehe samee Mmanner p8si t idesarribed
TR absel b ¢ gt Lpe oSy fopaty Somrgl il | SHay Sage Kusrae e th:
Referring to tié §%R&ﬁﬁiﬁﬁsgfsg m&ﬂﬂjl?#n€°238704#§{E5?3ge8%3?4§ {hégﬁ,
the first sides ofSa  €s¥ablisbedoel edd¥ic thepaciRamer7Praynd fect.
second Information is read from this memory unit by
measuring the capacitances of the two ferroelectric

capacitors 94.

10 Figure 6 deplicts a preferred method for
practicing the method of the invention. A memory
cell based upon a ferroelectric capacitor exhibiting
the Ramer-Drab effect 1s provided, numeral 120.
This memory cell can be of any of the types

15 discussed herein, or other cells based upon this
physical effect. A first capacitance state 1is
written to the ferroelectric capacitor, and, where
there 1s a second ferroelectric capacitor in the
cell, a second memory state is written to that

20 second ferroelectric capacitor, numeral 122. The
‘data 1s later read from the cell by sensing the
capacitance values or sense  of the capacitance
differences, numeral 124, as discussed above.
Reading 1is preferably accomplished without switching

25 the charge state of the ferroelectric capacitor and
without applying a DC bilas field to the
ferroelectric capacitor.

The present invention provides an important
advance for ferroelectric memories. The utilization

"30 of the Ramer-Drab Effect allows a true NDRO memory
cell to be constructed. The memory cell can be
written and read in various ways, and various
modifications can be made to improve 1ts performance
as desired. Although a particular embodiment of the

35 1invention has ©been described in detail for purposes
of illustration, various modifications and
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ferroelectric capacitor 74 are connected in parallel to a variable

vol tage source 76. The second si des of the ferroelectric capacitors
72 and 74 are 25 connected to a wite/ground source 78 having the

sane function as the saturating voltage source 56 and the ground 58 of
Figure 3. The second sides are al so connected to a capacitance or
differenti al capaci tance neasuring instrunent. In this case, the 30
second sides are connected to ground _through respective

measur enent capacitors 80 and 82, and to ~ 5-differential voltmeter 84.
The differential vol tmeter may be supplied with an isolation buffer
to-ensure that th%n‘h%iﬂié}?e s eGP LRgAE %%h%%@%egap%qtng #t6h the
t hese states. %ﬁ; Sgic uni |nter ative qgﬁgltg
of the sensed pir Scegﬁacﬂﬂa\‘f’&% BVPPé:rié’Hb'es "‘i’F'?é?e;L

operate in t hdnyent hemnet sasnditscussedben ddimdtiexh texclept as by the
enbodi nent of F|g@qpéidéacgpgiﬁg.discussed next. I n

operati on, t he i rst ferroelectric 5 capacitor 72 is driven to
one of the zero field capacitance states and the second
ferroelectric capacitor 74 is driven to the other of the zero
field capacitance states. To wite a "1", faor exanple, the first

ferroelectric capacitor is driven



10 to the lower =zero field capacitance and the second ferroelectric

capac;ror‘%s-dr%veﬂ—%e»Lhe hi gher zero field capacitance. To wite a
"0"-in the first ferroelectric capacitor is driven to the
hlgherl ""ﬂbapacitance and the second 15 ferroelectric
capaci the | ower zero field capacitance. The data is
read by detern1n|ng whi ch of t he t wo capacitors has the

hi gher capaci tance, and there is no need to establish the absol ute
capaci tance val ues. 20 The menory —4At 70 also is operable if
only one of the capacitors 72 and 74 is a ferroelectric capaci tor
and the other is a conventional |inear j tor. The
Ranmer-Drab Effect has been denonstrated 25§ﬁggﬁﬁ%he Y1 material. A
ferroel ectric capacitor was constructed which had a first zero field
capaci tance ofWWhaboui s 3c#2ifakd( gigeof arads) when neasured one second
after being established. The capacitor had a second zero field

capaci tance of about 3.77 pf when 30 neasured one second after being
establ i shed. The st abt | | Aymegory twelt,cgomankntRe: difference was

determined by est abl ashfegroellltactrzer eapadicts haviapacid ant€ulator
state,  measuringg r%é? ofapchEFFﬁé}ectrﬂ"%@fﬁb%%f Eﬁh@%ﬁf@%ib%d by

capacitor to sit for erio remeasur
the capaci tan®e. 2§F0 hde &wn%ﬁﬂ%ﬁitﬁPGﬁlﬂ%&hﬁ%neﬁﬁs controlldbly
5 dependent upon the electrical charging path by which

the zero field capacitance is reached;

a writing circuit which controllably writes
two different capacitance states to the
ferroelectric capacitor at different times, the

10 different capacitance states reflecting different
stored data values; and

a reading circuit that reads the capacitance
of the ferroelectric capacitor.

2. The memory unit of claim 1, wherein the
memory unit further includes:
a second ferroelectric capacitor in parallel
with the ferroelectric capacitor and having an
5 insulator with the same materials properties as the

ferroelectric material of the ferroelectric
capacitor. '
3. The memory unit of claim 1, wherein the

memory unit further includes:

a second 1linear capacitor in parallel with
the ferroelectric capacitor.

4. The memory unit of claim 1, wherein the
memory unit further includes:

a second capacitor in parallel with the
ferroelectric capacitor, and

5 wherein the writing circuit includes a circuit that

P



extending to 10[ err] seconds that, although the capaci tance

val ues change slightTy over tinme, they are sufficiently stabl e

t hat H difference of the zero field capacitance
states d mmmﬂml ﬂ , to 25 percent of the original difference

until abbut¢ 1O0[ err seconds. The useful ness of the Raner-Drab as
a basis for stable, |ong-term nmenory I s thereby proved. A
deoonstration menory device |like that shown 10 in Figure 4 and di scussed
earlier was constructed, except that tHA&-ferroelectric capacitor.
74 was repl aced by a | i near capacitor as discussed

earlier. The ferr ric at og

material, was 0.1 r%ggéneter?¥§1% §g?§££¥%%§% X f&?rncrone EPS|ﬁ?e
| at er al d|nen3|omfe¥W091©&QRQQNQ3N®Si§9§c&§ﬁLﬂh? seeoad LAPFehl0By t he
approaches previously descri bed. To determ ne whet her the nmenory

unit had a truly nondestr%ct Ive o‘ﬁg’gﬁe - X f{r] ?§.| %ryat(fﬁ éf?ﬂm&“'zseé

were applied 20 wi thout any refre§% ed da
stored data was addtPreiBceddiail I5eadkng vHSCALhsinclugasiantlinrngt ddat
degr adati on of détermimasur ethich capacithacesinbter cdje¢ttoreadnd the

W t hout refresh. onFe a déH%5*5h€§p5§?%4¥§?Egapgﬂﬁﬁé§° ENOry unit 25

90 utilizing the ferroe | ¢ ‘capacl mer - Drab
Ef f ect. A first ferroelectrlc capacitor 92 and a second
ferroelectric capacitor 94. &'ee comemoirgd iumberi ef tamy obl thgeémeoB -4,

00 and |13t S herdae S afefRihy Adii AR ¢! 1E8Y RIS 381 50T Ay

98 and a linear sgg F nse capacl tor are connected I.n series

the sane voltage SHRFEEM ni%ﬁsaﬁﬁeacFa§§9§§%ﬁ%ﬁeneg cdie Af%ﬁﬁ?@leCtric
anplifier 102 ¢apaodrteat ed daed weethehe toapsetittenca raysf wihe second
first input §04-c§€ggg@d¥ﬂing with the l|ine 35 connecting the
ferroelectric capacitors 92 and 94,

7. The memory unit of any of claims 1-2,
wherein the ferroelectric material 1is characterized
by

a first zero field capacitance following

5 saturation of the polarization by a first applied
- voltage applied 1in a first polarization direction,
and '

a second zero fleld capacitance following
saturation of the polarization by the first applied

10 voltage applied in the first polarization direction
followed by partial depolarization by a second
voltage applied in a direction opposite to the first
polarization direction.

8. Thé memory unit of any one of claims 1-7,
wherein the reading circuit includes
a circuit that reads the capacitance of the
ferroelectric capacitor without switching the charge
5 state of the ferroelectric capacitor and without

applying a DC bias field to the ferroelectric
capacitor. '



and a second input 106 conmunicating with the |Iine

114._._,_eeﬂnee%fﬂg——rﬁé sense capacitors 98 and 100. | nf or mati on
is =written menory unit 90 generally in t he same
manne l“ﬂl‘ ‘Mim !@gg‘l previously, by charging the two

ferro I ors 92 and 94 to the different capacitances as
establ i shed the Raner-Drab Ef f ect. Information is r ead
from this nenDry unit by measuri ng the capacitances of the two
ferroelectric capacitors 94. 10 HiRw e 6 depicts a preferred
met hod for practicing the nethod of the invention A nmenory cel
based upon a ferroel ectri,c cap or exh|b|t|n Raner - Dr.ab _ef f ect
provi ded, numeral 120. 9'Thls (ﬁﬂlung n°fb@n¥ﬁ°n%n9f Gia Hﬂﬁal

types 15 di scussedls her 8irn, c%,othﬂheCGHMG baseel uferrdelectrphysmadierial
effect. A firssompapaeid ance Stagered siheri8R1%d NorbRroatleryic

capaci tor, and, W@ althere S second erroelectric capacitor in
t he cell, a secon nenﬁry state |s witten to that 20 second

ferroel ectric capaci tor, nuneral 122. The data is later read fromthe
cel | by sensi ng the camaci tange medhbd HBr SERSPi aaa redRyEipis e
di fferences, h ﬁﬁfi n dk@pus ed aQPye. eading is
preferably acconp rshed S out sWi t mlﬁ}eps ot

providing a ferroelectric capacitor having an
insulator formed of a ferroelectric material
5 characterized by a zero field capacitance which is
controllably dependent upon the electrical charging
path by which the zero field capacitance 1is reached;
writing one of a first capacitance state and
a second capacitance state to the ferroelectric
10 capacitor, the first capacitance state being written
by applying a first voltage in a first polarization
direction sufficient to saturate the polarization of
the ferroelectric capacitor, and the second
capacitance state being written by applying the
15 first voltage 1in the first polarization direction
sufficient to saturate the polarization of the
ferroelectric capacitor, and thereafter applying a
second voltage 1in a direction opposite to the first
polarization direction to achileve partial
20 depolarization of the ferroelectric capacitor; and

reading the written capacitance state of the
ferroelectric capacitor.



25 the charge state of the ferroelectric capacitor _and W thout _applying
a DC bias field to the ferroelectric c pﬂQh&O%ETFASBEEN:'The

present invention provides an inportant advance fof“f@&g Haetric |
menories. The utilization 30 of the Raner-Drab Eff Liows-—a—true.

menory cell to be constructed. The nenory cell can be witten
and read in various ways, and various nodi fi cati ons can be nade to
i mprove its perfornmance as desired. Although a particul ar enbodi nent of
the 35 invention has been described in detalt%or pur poses of

il lustration, vari ous nmodi fications and

15 enhancements miyowieRRRUEIT REHAFERABEUEVRRIC ARMORY ACELECOPE
of the invention. According yU the invention_Is not taq E bg&;ed except as
by the appended cl ai ns. -"UTILIZING THE RAMER-DRAB EF

ABSTRACT OF THE DISCLOSURE

A memory cell (70) 1s constructed using a

5 ferroelectric capacitor (72) having an insulator
formed of a - ferroelectric material that has a zero
field capacitance which 1is controllably dependent
upon the electrical charging path by which the zero
field <capacitance 1s reached. Preferably, the

10 material is characterized by a first =zero field
capacitance following saturation of the polarization

by a first applied voltage applied 1in a first
polarization direction, and a second zero fleld
capacitance following saturation of the polarization

15 by the first applied voltage applied in the first
polarization direction followed by partial
depolarization by a second voltage applied 1in a
direction opposite to the first polarization
direction. A second ferroelectric capacitor (74) or

20 a 1linear capacitor may be placed in parallel with
the ferroelectric capacitor (72) to form a
two-capacitor memory cell. Data may be read to or

from the capacitor cell without impairing the state
of the stored data.

This Sheet Has Been Relplaced

WA




- 16- CLAI M5 VWhat is clainmed is:

1. A nenory unit, conprising: a ferroelectric capacitor having
an i‘nsul at or formed of a ferroelectric material characterized by a
Zero field capacitance which is controllably 5 dependent upon the

el ectrical charging path by which t@ zero field capacitance is

r eached; a witing circuit which controllably wites t wo

di ff erent capaci tance states to t he ferroelectric capacitor
at different tines, the 10 different capacitanceg4qstates reflecting
di fferent stored data val ues; and a readi\ng c¢j rcuit- that
reads the caqu tance of the ferroelectric capacitor. 3

The nmenory un claim1l1, wherein the menor

a second ferr hec ric capacitor in parallel i
capaci tor and hajing an 5 insulator with t#&

properties @s 4fe ferroelectric mat eri al ' eragoel ectric
capacitor. w 3. The nmenory unit of cIa|' » D N the
menory uni tSf urd hef i ncl udes: a second i in
paral I el wi l he GARAGHIQBt ri ¢ capaéPt 4. 26rhe
menory unlt—of3(§a|m1 RUEELLEi n t he
3 24
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menory unit further includes: a

parallel with the ferroelectric capacitor,
writing circuit includes a circuit that

=-17- wites different capacitance states
ferroelectric capacitor and the second capacitor.

second” capacitor in
and 5 wherein the
into the
5. The

~menory unit of any of clains 2-4, wherein the reading circuit includes
a circuit that determ nes which of the first capacitor and the second
capaci tor has a higher capacitance. 6. The menory wunit of
any of clains 2-4, wherein the reading circuit includes a circuit for
determ ni ng the capacitance of the ferroelectric capacitor and t he
capaci tance of the second 5 capfCrton 7. The nmenory
unit of any of clains 1-2, wherejn thg ferroelectric material is
characterized by a fifsto Zero field capacitance
following 5 saturation of the polabzgtion by a first applied

voltage applied in a first polarizat
©
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a-second zero field capacitance follow-ng - saturation of the
pol arization by the first applied 10 voltage applied in the first

pol ari zation direction followed by partial depolarization by a
second voltage applied in a direction opposite to the first
pol ari zation direction. 8. 3Ihe menory unit of any one of clains
1-7 wherein the reading circuit includes a circuit that
reads the capacitagge of the ferroelectric capacitor w thout swtching
the charge 5 state“0Ofathe ferroel ectric capacitor and w thout app! yi ng
a DC bias field to t tri capaci tor.
9. The nenory unit of anyVENJABEcItar s 1, 2, or 7, wherein
the ferroelectric materipl SOUREmpri ses a | ayer ed superl attice
ferroelectric mat eri al b 10. A method for storing and
recovering data, conprising 1he steps of: provi ding a
ferroelectric capacitor having a I nsul ator formned of a
ferroelectric nmaterial

;g

52
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5 <characterized by a zero field capacitance which is control |l ably

dependent upon the electrical charging path by which the..zero..field o
capaci tance is reached, witing one of a flrst'bagagA@@@g@T§$a#ﬁ
and a second capacitance state to the ferroelectric 1 capacitor, the
first capacitance State being witten by applying a fi rggtevcﬁbg}é’ﬂrﬁ&]
first polarization direction sufficient to saturate t

the ferroelectric capaci tor, and t he second capacitance state
being witten by applying the 15 first -Mpttage in the first

pol ari zation direction sufficient to saturate the polarization of
t he ferroelectric._capacitor. and thereaft cond
voltage in a direﬁékaPEﬁhﬁﬂﬁ?EVFo&ﬁﬁPfEF%#OS{E%§®¥Qr@%ﬁPBX éﬁi?ectlon
to achi eve partial- IATHEPBING ZZHE RAMER+DBRABe BRREETt ri ¢ capacitor;
and reading the witten capacitance state of the

rerroelectric capaciion:  ARSTRACT OF THE DISCLOSURE

A memory cell (70) 1is constructed using a

5 ferroelectric capacitor (72) having an insulator
formed of a - ferroelectric material that has a zero
field capacitance which 1is controllably dependent
upon the electrical charging path by which the zero
field capacitance 1s reached. Preferably, the

10 material is characterized by a first zero field
capacitance following saturation of the polarization

by a first applied voltage applied in a first
polarization direction, and a second 2zero field
capacitance following saturation of the polarization

15 by the first applied voltage applied in the first
polarization direction followed by partial
depolarization by a second voltage applied in a
direction opposite to - the first polarization
direction. A second ferroelectric capacitor (74) or

20 a 1linear capacitor may be placed in parallel with
the ferroelectric capacitor (72) to form a
two-capacitor memory cell. Data may be read to or

from the capacitor cell without impairing the state
of the stored data.

(Fig. 4)



