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PERFORVMANCE BACKGROUND 5 In sone nenories, it may take several mlliseconds
or microseconds to performa read cycle, i.e., toread information froma

| ocation in nmenory. Reducing the tine it takes to performa read cycle may
i nprove t he W#B%965243er f or mance as nmay be neasured in t ePREUSLOOHBITHISY
operations per second. In order to inprove nenory performance, system
designers are continually 10 searching for alternate ways to read nenori es.
Thus, there is a continuiMBTHOR AND ARPARATED S TWa)MPROVVEEMEMORYr nati on from
a nenory. BRI EF DESCRI PTI ON OF THEHBRAWNIGRICEhe subj ect matter regarded as
the invention is particularly pointed out and 15 distinctly clained in the
concl udi ng portion of the specification. The present invention, however,
both as t oggaCg&@RE@ANDPN and nmet hod of operation, together with objects,
features, and advantages thereof, may best be understood by reference to
the follow ng detailed description en read.w th the acconpanyj dr awi ngs
- whBeht 20 Aneome Menioris, §rua 1ake s Pl milleedous or BCBRBEds Boel ot r e
menory cell; FIG 2 is a graph of the gol arization versus voltage

propert i esPesform a re3q eyledia- 1@ readjinformation from a location in memory.

Reducing the time it takes to perform a read cycle may improve the memory
performance as may be measured in terms of memory operations per second. In
order to improve memory performance, system designers are continually
. 10 searching for alternate ways to read memories.
Thus, there is a continuing need for alternate ways to read information from

a memory.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter regarded as the invention is particularly pointed out and
15 distinctly claimed in the concluding portion of the specification. The present
invention, however, both as to organization and method of operation, together with
objects, features, and advantages thereof, may best be understood by reference
to the following detailed description when read with the accompanying drawings in
which:
20
FIG. 1 is a diagram illustrating a portion of a ferroelectric memory cell;
FIG. 2 is a graph of the polarization versus voltage properties of a
ferroelectric cell;

FIG. 3 is a block diagram of a ferroelectric memory device;



FIG 3 is a block diagramof a ferroelectric nmenory device; 1 WO

2005/ 055242 PCT/ US2004/ 037773 FIG 4 is a flow diagramillustrating a

met hod to read information stored in a destructive read nmenory in accordance
wi th one enbadi nent of the present invention; FIG 5 is_a flow diagram

i | lustrati nfO2°REPHEH to wite information to a 5 nenmor JPCTHS2SY Hdnce with
one enbodi nent of the present invention; and FIG 6 is a bl ock diagram
illustrating ortion of a computjng systemin accordance with gn

embodi ment of Tiks 405 &gl dRarm Hiustathg 2 fmetoddo sead nfparation sigred B,
sinmplicity and clarity of illustration, elements illustrated in the figures
have not @esiuistve read mesiPTYinascordanseavith opg embagdipest of the presenti nensi ons of
sonme of the elenents are exaggerated relative to other elenents for clarity.
Furt her, inNentiongonsi dered appropriate, reference nunerals have been
repeated anong the figures to indicate corresponding or anal ogous el enents.
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specific details are set forth in order to provide a thorough understanding
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in the ar e present invention may ractice out these

speci fic detai}s. ks |- : S,
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obscure the present i nvention, . .

accordance with an embodiment of the present invention.

It will be appreciated that for simplicity and clarity of illustration, elements
illustrated in the figures have not necessarily been drawn to scale. For example,
10 the dimensions of some of the elements are exaggerated relative to other
elements for clarity. Further, where considered appropriate, reference numerals
have been repeated among the figures to indicate corresponding or analogous

elements.

DETAILED DESCRIPTION

15 In the following detailed description, numerous specific details are set forth
in order to provide a thorough understanding of the present invention. However, it
will be understood by those skilled in the art that the present invention may be
practiced without these specific details. In other instances, well-known methods,
procedures, components and circuits have not been described in detail so as not

20 to obscure the present invention.

In the following description and claims, the terms "include" and
"comprise,” along with their derivatives, may be used, and are intended to be

treated as synonyms for each other. In addition, in the following description
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In the follow ng description and clains, the terns "include" and
"conprise," along with their derivatives, may be used, and are intended to
be treated as synonyns for each other. In addition, in the follow ng
description_ 2 WD 2005/ 055242 PCTI US2004/ 037773 and clainms, the t

"coupl ed" aW@XPP8Pdted,” along with their derivativesP TfH?O%"%yréd | t

shoul d be understood that these terns are not I nt ended as synonyns for each
other. Rather, in particular enbodinents, "connected" nmay be used to

i ndi cat e tendtclains. &he ferms Sraupled 'sand Scomnested ialengyihdhpiror el ectri cal
contact with each other. "Coupled" may nean that two or nore elenents are

i n direct defiyatives, nody beased] dakhowldtimctinddristvedethat thesepelds ar@yiotl so nean
that two or nore elenents are not in direct contact wth each other, but

yet still nﬁt%nBQc?%@ts?nQﬁw{n@tf%F 86¢h Bidt. eﬁ’&theptlh‘%ﬁrtnémai' RendRir@d)g

description and clai ns he term "data" may euse to 10refer ‘to both

dat a andlnstru |.ons 0 "infornmptio sed to
refer to dﬁ?ﬁn% | nay; h%lul %‘ﬂg ﬂ]@teq?\aé ocﬂra[apé‘?n RV Sr%{Fl'ﬂ ra?cgort i on
of a ferroelectric menory cell 10 that may be used in enbodi ments of the
presenb i Phyaiceber elpetricabrestact witheaeh pthes. o' Goppdedt mmninsaat thiaé twenor y

that utilizes the ferroelectric behavior 15 of certain materials to retain

data i n a orenhoe)eledenteaienintdiect physiohl poslettrical cantaoteddbiverepol ari zat i on,
even in the absence of electric power. A ferroelectric material 16 may

contai n dog|,pRd®ma} Blsbahbin HatSNEEr ?Ad?@teTén‘?ent%' #e 86t ihdiredt&Gitlet hei r

orientation unless aQ{Stur bed by sone externally
with each other, but yet still co-operate or interact with each other.

In the following description and claims, the term "data" may be used to
10 refer to both data and instructions. In addition, the term "information" may be
used to refer to data and instructions.
FIG. 1 is a diagram illustrating a portion of a ferroelectric memory cell
10 that may be used in embodiments of the present invention. Ferroelectric
memory is a type of nonvolatile memory that utilizes the ferroelectric behavior
15  of certain materials to retain data in a memory device in the form of positive
and negative polarization, even in the absence of electric power. A
( ferroelectric material 16 may contain domains of similarly oriented electric
dipoles that retain their orientation unless disturbed by some externally
imposed electric force. The polarization of the material characterizes the
20 extent to which these domains are aligned. The polarization can be reversed
by the application of an electric field of sufficient strength and polarity.
Ferroelectric material 16 may be a ferroelectric polymer polarizable

material, and may also be referred to as a ferroelectric polarizable material or



I nposed el ectric force. The pol arization of the material characterizes the
20 extent to which these donmains are aligned. The pol ari zation can be
reversed by the application of an electric field of sufficient strength and

polarity. VESQ?@%E%%” c material 16 may be a ferroel eCtlgéﬁU%%lé“\é ZiF]

pol ari zabl e materral, and may al so be referred to as a ferro
pol ari zable material or 3 WO 20051055242 PCT/ US2004/ 037773 a di pol e

ferroelectrj.c terial,..ln_yarious enbodinents, the ferroelectric polyner
e o RePAB e uBb o Salia IR AR HEBOk It thel BHECREYS | e a

pol yvi nyl chloride, a polyethylene chloride, a polyacrylonitrile, a

pol yani depPolyassdngiesiak mayetuBprisep Robmi Atuopde. aHelgethylepsfiHeridexdinpl e of
a b ferroelectric material may include a ferroelectric oxide material. A

f err oel ecpoiyeinyhthioride, aGahgethpgna ghtdrite], agidlyacriplordyrilbealpondydreidle, bet ween a
conductive word Iine 20 and a conductive bit line 22. An electric field may

be appl i edobQykidps tIfsre8E! FdrhbinaBbhs therédmn! Ahaamérbﬁrﬁ%lbrépa potenti al
(vol tage) between the word line (W) and the bit line (BL) so as to effect

ci ol 191 et i dartisf e ool d Frloflicnt; Bte FuallBhdt i1 e "0

pol ari zati on versus vol tage pr.ope ﬁwi es of the ferroelectric cell of FIG 1.
Wien a positi v8 fepoelestnie H‘.ﬁ?['al\/bé BYIRE a pejapealiah P may)befocated i cient I y

| ar ge magni tude (shown here, for exanple, as Vs) is applied to the cell, all
of 15 t hebdbweéms domduhtive evdrddine 2@ aned@ candaictige, bit iine 142,640 @tactfiossi bl e,
in the positive direction, and the polarization P reaches the saturation

pol ari zat ki@l may be applied to the ferroelectric cell by applying an electric potential
( (voltage) between the word line (WL) and the bit line (BL) so as to effect
10 changes in the polarization of the ferroelectric material.

FIG. 2 shows a simplified hysteresis curve 24 that illustrates
idealistically the polarization versus voltage properties of the ferroelectric cell
of FIG. 1. When a positive voltage (e.9., Vigine = Vworaine > O) Of sufficiently
large magnitude (shown here, for example, as Vs) is applied to the cell, all of

156  the domains in the cell are forced to align, to the extent possible, in the
positive direction, and the polarization P reaches the saturation polarization
{ Psat at point 25 on the curve. A further increase in the voltage produces no
further increase in the polarization because all of the domains are already
aligned as far as possible in the direction of the electric field produced by the
20 voltage between the word line and bit line. In one example, a positive voltage
may be applied by applying Vs, e.g., about nine volts, to bit line 22 and

applying about zero volts to word line 20. In other example, two non-zero

positive voltages may be applied to bit line 22 and word line 20 to generate a

4



} e e - PR

Psat at point 25 on the curve. A further increase in the voltage produces no
further increase in the polarization because all of the domains are already
aligned as far as possible in the direction of the electric field produced
by the 20 volt tween the word line and bit line. In one exanple, a
positive V3¥?5§%B5 be applied by applying Vs, e.g., JHHUWnWVWgBV%Its, to
bit line 22 and applying about zero volts to word line 20. In other
exanpl e, two_non-zero Positive vol tages may be applied to bit line 22 and
wor d | i nePosifiveoveians agress metegRlobes/ 055242° PCTI US2004/ 037773 positi ve

vol tage across material 16. If the voltage is then reduced to zero

(fol | owi ng patlhtiB2voltage isi thenaedugesl trt zeo)(folkwvingosathh@2 doramiive abwi t ch t hei r
orientation (also referred to as rotating, flipping or reversing), but nost

of the dos@hi31),eorhd of Bee HoMmalis SRFeh itRelr ofbmationhRISEFéfepbaabrdsc materi al
retains a remmant polarization Pr. |If a negative voltage of sufficiently

| i \ . - ' . lied to th
wor -1 Bt HoRRH 1l Ersinoh ouEAREPpEmTomais talbifbAPb] | BY 00 1O

of thg domai ns_.are forcgd to switch the{ﬁi ori entation ard,the ol arization
reach®s tHEEMMEYRR - s Ahe e PRiRcTric mpterisl fgtaing F%'??B@PBBO pzatiQR b4t i ve

voltage (followi ng path 36 to point 23) allows some of the donains to
swi tch, and tH&adw@datige valtageof sufficierthe arge eagsifudey shovenhere fpol ari zati on
-Pr, which it retains until it is disturbed again. If the positive voltage
Vs is agaéxanaip) hsdvoistthen applied tothowong lipat2o Aflative poibit liddp2 the
domai ns once again switch their orientation, and the cell takes on the
(following path 34 to point 27), all of the domains are forced to switch their
orientation, and the polarization reaches the negative saturation level -Psat.
10  Removing this negative voltage (following path 36 to point 23) allows some
of the domains to switch, and the cell polarization reaches the negative
remnant polarization -Pr, which it retains until it is disturbed again. If the
positive voltage Vs is again applied to the cell (following path 30 to point 25),
the domains once again switch their orientation, and the cell takes on the
15 positive saturation polarization Psat.
For purposes of data storage, ferroelectric cell 10 is considered to be in
the logic "0" (zero) state when the polarization P is positive (preferably at Pr),
and the logic "1" (one) state when the polarization is negative (preferably at -
Pr). The assignment of a logic "1" or logic "O" to a positive or negative
20  polarization is arbitrary, and in other embodiments, opposite conventions may
be used.

A certain amount of charge may be required to switch the polarity of a

domain, so the further the polarization moves along the P axis in FIG. 2, the
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15 positive saturation polarization Psat. For purposes of data storage,
ferroelectric cell 10 is considered to be in the logic "0" (zero) state
when the polarization Pis positive (preferably at Pr), and the logic "1"
(one) state when the polarization is negative (pref erablﬁ at - Pr}z. The
assi gnment BPR%YGRE "1" or logic "0" to a positive or REHEEINHIFT3
polarization is arbitrary, and in other enbodi nents, opposite conventions
may be used. A certain amount of charge nmay be required to switch the

pol arity ofore dogwaing thatsase syatghad angd then@opp rhangeds reauiras dhus.ohg t he P
axis in FIG 2, the 5 WO 2005/055242 PCT/ US2004/ 037773 nore domai ns t hat

are swit clhaedsitiod fidra theregichbste iat poatLd3 esl thellugic Otdiete &t poigitt 2®is from t he
logic 1 state at point 23 to the logic O state at point 25 is acconpani ed

by a S“bsﬁéé‘érhg%niéﬁ'b? §u5’§taﬁhﬁfr%?eas\é’gﬁgc‘;%\?;ge%,gﬁpérreﬁﬁ%é LtPé?\sftfoCS}ﬁnfro‘?Hi nt 21 to

25 (no change state) 1s acconpani e Ittle charge rel ease. This
di fference jn ghar rel ease proyides the fundament al hnciple for a
" dest r uct PO Fe28(ng FARAB &l SttEl B aesampanied Bryers i chrgege
technol ogi es, an operation to read data froma nmenory | ocation nay cause
the daba felegse.destroyed. This is sometines referred to as a destructive
read 10 operation and may result fromthe type of storage nedia used or how
the nenory sy¥hnditferathesiigrohdrgémieaseoprooidesithe fardameetal beincixarfpr e have
destructive read operations. Destruction of the data in a particular nenory

a "destructive"” read of a ferroelectric cell. In some memory storage

technologies, an operation to read data from a memory location may cause

the data to be destroyed. This is sometimes referred to as a destructive read
10 operation and may result from the type of storage media used or how the

memory system is designed. Some nonvolatile memories for example have

destructive read operations. Destruction of the data in a particular memory

location may include erasing, clearing, resetting, and/or overwriting the

memory location. In such memory devices, the data read may be written
15  back after being read in order to behave in a nondestructive read memory

device manner.

In one example, to perform a destructive read, a negative voltage

sufficient to switch the polarization is applied to cell 10 while the charge

released from the cell is observed. A large charge release indicates that the
20 cell was a logic zero, whereas little or no charge release indicates that the cell

was a logic one. The cell ends up in the one state, regardless of its state

before the read operation. Thus, a cell that was in the zero state must then

be rewritten as a zero if further data retention is required.
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| ocation may include erasing, clearing, resetting, and/or overwiting the
menory |l ocation. In such nmenory devices, the data read may be witten 15
back after being read in order to behave in a nondestructive read nmenory

device manner. In one exanple, to performa destructive readS a ne%ative
vol tage suMAZP¥H240 switch the polarization is appli eBCTYSHYNTIH whil e
the charge released fromthe cell is observed. A |arge charge rel ease

i ndi cates that the 20 cell was a |ogic zero, whereas |ittle or no charge

rel ease i ndi cafegoelestric matewals alsgaexhibit fegiliensae wheieinca Ferreglgstrigocelh t he
one state, regardless of its state before the read operation. Thus, a cell
t hat was icantreturaaodtsstembeantysdlartization despite\ar shakdistarbmnoer Forf further data
retention is required. 6 WD 2005/ 055242 PCT/ US2004/ 037773 Ferroelectric

materi al s ghith&*d¥sBhding 8Sddd @f&%@ad}'@@&%bﬁ?moﬁ%r 96bABEIIcErE Yell, a§an return

to its remant polarizaltion despite a“small disturbance. For exanpl e,

assum ng a _one state storage condition for ferroelectric cell, as

apr esent JESHseTEEN P BRRE PO Bl RRT B A3 HRTRGEILFie2ipve 24, a 5
smal | vol tage disturbance of Vs /3 may provide a small| polarization shift 40
al ong Pat sEdl veltags disturbagee PhY svs may@re\ide arfsnallipo@siratiag shift e
ferroelectric cell may realign their orientations to that of the cell's
overal | cléorenpath 88, Hasveviel usigeathedvditageds uemopad hd@9ainis bf theer esi s curve

24. FIG 3 is a block diagramillustrating a ferroelectric nmenory device 40
10 in accqpdapeetit L& ARySERRGH TRdF oRbntaliBntE BRl of tHEEERIN'SBvebfITDr Y devi ce
orientation, as illustrated by return path 39 of hysteresis curve 24.
FIG. 3 is a block diagram illustrating a ferroelectric memory device 40
10 in accordance with an embodiment of the present invention. Memory device
40 includes a cross-point passive matrix memory array 42 having word lines
46 that cross bit lines 48. Ferroelectric material such as, for example, a
ferroelectric polymer material, may be disposed between the word lines and
bit lines to form ferroelectric cells at the intersections of word lines and bit
15 lines. For example, a ferroelectric cell 10, such as that shown in FIG. 1, is
located at the crossing of the word line identified as 20 and the bit line
{ identified as 22 in FIG. 3. In this example, cell 10 is referred to as "active"
because it identifies a specific cell that has been selected to read. The word
line coupled to the active cell is identified as an active word line (AWL),
20 whereas the remaining word lines are passive word lines (PWL). Likewise, the
bit line coupled to the active cell is identified as the active bit line (ABL),

whereas the remaining bit lines are passive bit lines (PBL). Passive word lines

and bit lines may also referred to as unselected word lines and bit lines.



40 includes a cross-point passive matrix nenory array 42 having word |ines
46 that cross bit lines 48. Ferroelectric material such as, for exanple, a
ferroelectric polynmer material, nmay be di sposed between the mord | i nes and
bit lines to formferroelectric cells at the intersection rd |ines and
bit 15 1ine¥029505¥¢&npl e, a ferroelectric cell 10, sucht é@%ﬂ%m in
FIG 1, is |ocated at the crossing of the word |ine identlfled as 20 and
the bit line identified as 22 in FIG 3. In this exanple, cell 10 is
referred 86tiyg worgtlings andbig inge mav alge he; rﬁf%rse%twé@g%%ed)eaddrqmd has been
selected to read. The word line coupled to the active cell is identified as
an acti veomtardet ivoed (iA%E and 20t lvies. eas t he remaining word |ines are passive
word lines (PW). Likewise, the bit line coupled to the active cell is

identified as W?fén%‘éﬂlhg & betivd 8ell, ABtdad or%WTt@l@iﬁgtIE\‘i‘elrmbB'(%)L’i'st l'i nes
are passive bit |ines Passive word lines and bit lines may al so

LS8 AR SR 4500 A8 B 000 o ORI, .

as sel ect ed addressed, or target word lines and bit |inpes. Wen read| ng an
acti veb ceisi de H‘Qde%ﬁj(\fnﬁnnswvtmdm«ahg’npé§§Pff\'ﬁ6¢"ﬂta1ij’eef(fe%9 polarization rexeris! t he
active bit I|ne 22. The read | evel voltage has a magnitude that 5 is

defi ned asf (hdattivereel 1'Guwdhds, fifeedctivenceli is dastrduictivelyt read, aftfeesin a
pol ari zation reversal of the active cell 10. Thus, the active cell is

destructi ¥Ebl}’ca"ti%ﬁdof ieereal Weveﬂ%itb?é‘trhﬂ"'sﬂftch RAe @A pEUALatic $tag8. My
swtch the ce s polarization sta To restore the stored data after a

pol ari zat LI’ Vertﬁglstoregedaqgta?tep%ypéfgnzatlon reversal, the data may be
( written back into the active cell. In some embodiments, memory array 42
10 may be partitioned or segmented into subarrays, and during a read cycle d ata
may be written back to another memory cell as described below.

During the read, the passive bit lines and passive word lines may be
driven with volt.ages that provide quiescent level electric fields across the
passive ferroelectric cells. Quiescent level voltages may be defined in

15 accordance with the resilient qualities of the ferroelectric cell, wherein
polarization disturbances of the cells are kept within a recovery range. For

example, in accordance with one embodiment of the present invention, the
quiescent level may be set to a magnitude no greater than 1/3 the switching
level voltage.

20 Referring again to FIG. 3, the word lines 46 may be driven by a row
decoder block 50 that selects which of the word lines to drive as an active
word line and which to drive as passive word lines in response to various

control and buffered address signals 56 from control circuitry 54. The bit lines
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witten back into the active cell. In sone enbodi nents, nenory array 42 10
may be partitioned or segnented into subarrays, and during a read cycle data
may be witten back to another nenory cell as described below During the
read, the passive bit lines and passive word lines nmay be driven with

vol tages t WO PI¥PHE qui escent level electric fields acPEEYSIAE7Hassi ve
ferroelectric cells. Quiescent |evel voltages may be defined in 15
accordance with the resilient qualities of the ferroelectric cell, wherein
pol ar i zat A&nmay feudrbeancand senseckby @ qodumndaceger bliockiS? thateselssdsy range. For
exanpl e, in accordance with one enbodi nent of the present invention, the

qui escent wisgklof iag bitdinesttot drivee amdyas andetive Wt bed end twisioh To/dBiviehas swi t chi ng
| evel voltage. 20 Referring again to FIG 3, the word lines 46 may be driven

by a row p@ggvg%lﬁt_ IH&QKJ@QpéMtoS@érRﬁIsSchi&Qn@fbdff@e&%@?réés@éné% drive as

an active wor I ne and which to drive as passive wor I nes Tn response to

The bit | BEoR YB SOk cHisSh o SRR Bise DodkebR A bR i

sensed by a columm decoder block 52 that selects which of the bit lines to
drive Bndossnere seose v iifiers tedaciliiatevrsasting of the getives ferpealestiie asilkta j nes in
response to various control and buffered address signals 58 fromthe
control ciprevideroutpdthdatadd4imm decoder bl ock 52 al so includes one 5 or nore
sense anplifiers to facilitate reading of the active ferroelectric cell to
provi de out put THgtRdnbbi circuitry 54 may include some or all of various components

such as, for example, address buffers, read sequencers, data samplers or the

like for controlling the overall operation of the memory device 40 in response
10 to address signals 60 and control signals 62 from outside the device.

The row decoder block 50 may include various components such as,

for example, row decoders, word line drivers, multiplexers, low-to-high

voltage converters, etc. as may be required for the particular architecture

employed in the memory device. For example, if the memory array 42 is
15 divided into subarrays, then a multiplexer may be used to switch the word

line drive signals between the subarrays. The column decoder block 52 may

include various combinations of column decoders, bit line drivers,

mulitplexers, sense amplifiers, write drivers, etc.

Taken together, the control circuitry, row decoder block, and column

20 decoder block may form the peripheral circuitry 44 that interfaces the memory

array 42 to the external world. However, the system of FIG. 3 is only

exemplary, and various arrangements of peripheral circuitry may be employed

without departing from the principles of present invention.



The control circuitry 54 may include sone or all of various conponents such
as, for exanple, address buffers, read sequencers, data sanplers or the

| i ke for controlling the overall operation of the nenory device 40 in
response 10 to address signals 60 and control signals 62 fromoutside the
devi ce. Thevogwws®séter bl ock 50 may include various conRCHESHBUTH as,

for exanple, row decoders, word line drivers, multiplexers, |owto-high

vol tage converters, etc. as nay be required for the particular architecture
enpl oyed i n t has diyousyedi@aboee,. a Faroaactnplpolymér ineenorgnoay storeay 42 is 15

di vided into subarrays, then a multiplexer my be used to switch the word

line dri Vﬁ]féﬂn%}?drﬁgg%m?z'ﬂwé BRcHHDAIHORESN alplymet Wil idFedsr tb 0ck 52 may

i ncl ude various conbi nations of colum decoders, bit line drivers,

mul itplexers,.sense anplifiers, wjite drivers. etc. ,paken,together, the
control c 'lr"c‘{}msy,'%r@\:g) 8@@85@6‘%’ 5@?(?0%5'63%% maY b%oﬁﬁgggd v EEHPB}S'Qgrray form
the peripheral circuitry 44 that interfaces the nmenory array 42 to the

ext er nal aspeeifiefisliiperoltagee esg.s MSmagfoss|tae polyraenmeory aaisrialy, and
various arrangenents of peripheral circuitry may be enployed w thout

depar t§ ngwiichst # polarizablepheterial. By pssitive Msvwaay iflim the pt1ari280an 05634 2

PCT/ US2004/ 037773 As di scussed above, a ferroelectric polyner nenory may

store Inf gloB4d P kridva RBLIYE \Bladd Ridy 1 A Rl atibndn RE ¥EBbsike ! m 10 one of

two directions. I n one”enpbodi nent, the po | zati on may be 't pped” by
ﬁ,gf L%’: 2|g dlarlecS oenc.I tl'hg%rl%rel \yoqta\é%l (;fa% th%t 95 suf}/i%ien%%ro gvsvittc iengpt?\leyrrer renory
polarization state of a memory cell may be referred to as a read voltage and
Vs may be referred to as a write voltage, although the scope of the present
10 invention is not limited in this respect.
To write information, a write cycle may include an erase operation
followed possibly by a write operation depending on the desired logic state in
the memory cell. The erase operation may polarize the material in one
direction, i.e., place the material in a specified or desired logic state ( e.g.,
15 store alogic "1"). Then, at a later point in time, the logic state stored in the
memory cells may either remain at a logic "1" or may be selectively changed
to a store a logic "0" by performing a write operation that may apply a
voltage across the memory cell that is opposite in polarity compared to the
voltage applied during the erase operation.
20 Also discussed above, reads may be destructive. To read information
from a destructive read memory, a read cycle may include a destructive read

operation and a subsequent write back operation. Since information stored at

a particular physical address of the memory may be lost during the

10



5 which is a polarizable material. A positive Vs may flip the polarization
In one direction, and a negative voltage nmay flip the polarization in the
opposite direction. The drive voltage of -Vs that is sufficient for

switching the Esm arization state of a nenory cell may be referred to as a
read vol t ag¥ O OR&2ay be referred to as a wite vol t a§ETUSIOHRTGR ¢ he
scope of the present 10 invention is not limted in this respect. To wite

information, a wite cycle may include an erase operation followed possibly
by a writ desipestintg waddeprsatipngtherinfaimadies may beoyrittesthack tonthet he menory
cell. The erase operation may pol arize the material in one direction, i.e.,
pl ace t henemhanyit@l restora ispdbiefdestruotivel esad epleratighanay abtarizeethg. , 15 store a
logic "1 "). Then, at a later point intime, the logic state stored in the

menory cellgefEYinUncNGredtRiRii B, llade tiROiaterfal in @' sgBRWiFoS8bSIFdd 1¥gicy changed
to a store a logic "0" by performng a wite operation that may apply a

vol tage acyqQss the nenory cel,l .t h i S.0 site in larjity co red to the
vol t age aﬁfﬁq?z(f'%ursf‘?lrﬁ ?%%g"ér ise ﬁ%%'?'aﬁtiagﬁ'?erﬁ)o'ﬂ# %Hﬁ]eséhgi%ﬂcgg%Se, r eads
may be destructive. To read information froma destructive read nenory, a
read c§cl starag in e mamarydeslisrmay ieither egain @ e l9gicon afE Masbesequent wite
back operation. Since information stored at a particular physical address
of the nereleytively dhangedttoctusiong atlbgic T'Q"WY gedSrHing 2l Ay rREHA082004/ 037773
destructive read operation, the information may be witten back to the
Menory to qhesfthcthat may'8ppi9Sd U8lEdde’ Scrb8feth® RRIMRSHBLINMAL RO bBpbSiR ihhe

polarity compared to the voltage applied during the destructive read operation.

Accordingly, the write operation of a write cycle may be similar to the write
10 back operation of a read cycle.

In one example, if information read from a requested address is written

back to the same address, neighboring unselected memory cells sharing the

same word line or bit line as the selected memory cell may experience

"disturbances" of Vs/3 when neighboring selected cells are written.
15 in a ferroelectric polymer memory, for a period of time immediately

following a "flip" of polarization, the polymer memory cell may lose

polarization if subjected to a disturb voltage. For example, this may happen

when a read is followed by a write to the same cell, or when a write to one

cell is followed by a write to a neighboring cell. As is illustrated below with
20 reference to the methods of FIGS. 7 and 8, to avoid changes in polarization,

delays or pauses may be used during reading and writing to a polymer

memory. The delays may lengthen the time between flips and disturbances

to avoid loss of data.

11
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material in one direction, i.e., place the material in a specified or
desired logic state (e.g., store alogic "1 "). Then, at a later point in
time, the logic state 5 stored in the nmenory cells may either remain at a
logic "1 " or may be selectively changed to a store a logic "0" by
perf or mi ng WORWYBSMAck operation that may apply a vol t RgEFUEW48357Bhe
menory cell that is opposite in polarity conpared to the vol tage applied
during the destructive read operation. Accordingly, the wite operation of
a wite cycl e Thg abouitfdetay tmehgsead mag depent ackthepslectrode nftedalr ead
cycle. In one exanple, if information read froma requested address is

witten hasksHovi)hhab ATBo@sled €6 The PRIENIONERDial 65 @bEs heshmBRNBEIY, TRE! S

sharing the same word line or bit line as the selected menory cell may

exper enc‘@erqg't@wfqﬂgﬁe;cg{ﬁe Yalhlgtn ?ﬁn%98wérwea\%ﬁ?ﬁ@gg@eﬂp@eaf e

witten ferr e po or a peri

I mredi atel y foIIovmn "fli of polarlzatlon t he menory cell may
| ose pol éﬁﬁUitam@ﬁ'swr §D%‘j’ é’éttg%i POBrizatipr in,the mﬂrrf%ryé:e"pt)% WEXBAMOEY “t his may
happen when a read is followed by a wite to the same cell, or when a wite
t o oneb ceperationbaireé pacdringd avithint & relatiely shgtthperiodgofcimnie, As is illustrated
below with 20 reference to the nethods of FIGS. 7 and 8, to avoid changes in

pol ari zation, TdeliRy o FIG PRAUSIRSWABY alTRwWEiS %adunlua@aﬂr@a@mwhwﬂowdtl ng to a
pol yner nenory. The delays may | engthen the tinme between flips and

di stur banfesy inknf2¥ioh 4tdr8d fn ielfhGivelrdad Refidy/if 20dAahtd: Wﬁ%@l@‘” 037773

embodiment of the present invention. Method 700 may begin with receiving a

request to read information from a requested address or location in a memory
10 (block 710). For example, control circuitry 54 of FIG. 3 may receive a

request to read information from a requested address in memory array 42.

In one embodiment, the total memory capacity of a memory may be
separated into at least two separately addressable memory segments. These
segments may also be referred to as arrays or regions, and may be physically

15 separated from each other.
Referring back to FIG. 4, after receiving the read request, it may be
( determined whether the requested address is in the same memory segment as
the last, or most recent, memory operation (diamond 720). A memory operation
may be a read, a write, or an erase operation, although the scope of the present
20 invention is not limited in this respect. An erase operation may be part of a read
cycle or a write cycle.
If it is determined that the requested address is in the same memory

segment as the last memory operation, then a delay operation may be

12



The amount of delay tinme used may depend on the el ectrode material (not
shown) that is coupled to the polyner material of each nenory cell. The
interaction of the electrode material with the polynmer nenory material may
result in a_disturbance of the polarization in the nenory cell if two nmenory
5 operati onY O 54 ormed within a relatively short per¥SE'U§?°°‘!/i’3ﬁ%7.3 Tur ni ng
to FIG 4, shown is a flow diagramillustrating a nethod 700 to read
information stored in a destructive read nenory in accordance with one
enbodi menperdermerk (hjeels 30) i nineene examplsy RoiMeOOr aeynteegnay Be useddeei ving a
request to read information froma requested address or location in a nmenory

10 (bl ockddla)the Freddirg afhformatiohriedmahe ceqiesyedbdddfesslfor a3 may receive a
request to read information froma requested address in nmenory array 42. 1In

one, embod Ebtorntigy ity THTRY 4#8PAAE HioP o dFy BioraBY vhis Separal ed [ nto

at | east two separate essabl e nenory segnents e segnments may

al so be referred,t s . arra or _reqgjons, and.may. be physically 15

separ at edp?rﬁgrrw%%ﬁ\fgqrﬁgp_préé?tg.rw YRERNY %PW&haf, p%%égr %'Peébei ving the
read request, it may be determ ned whether the requested address is in the
same n@noinjorestiemmaysbe dagtruetively seadrrom thecreatestednasdidrespéilaek on (di anond
720). A nenory operation may be a read, a wite, or an erase operation,

al t hough 7Re).stropre @katripte, a dslkaptof2000 Mierisecondssmiagtbd used betweert hi s
respect. An erase operation may be part of a read cycle or a wite cycle.

If it is ﬂ?etrﬁér'i}‘ atioWd int R éé?ﬁé’%%%ﬁ@-nﬁ.ddr ess is in the same nmenory
segnent as the'last nenory operatioh, then a delay operation nay be
If the requested address is not in the same memory segment as the last
memory operation, then the destructive reading of information from the
10 requested address may be performed immediately without delay (block 740).
For example, the reading of information from the requested address may be
performed during the successive clock cycle after it is determined that the
requested address is not in the same memory segment.
After the information is destructively read from the requested address,
15 then it may be determined whether a blank location exists in another
segment, i.e., a segment other than the segment where the requested
address is located (diamond 750). If a blank location does not exist in
another segment, then a delay operation may be performed (block 760). A
blank location may refer to a location that has been previously erased either
20 by an erase operation or a destructive read operation. Although the scope of
the present invention is not limited in this respect, in one example, a delay of

100 microseconds [may be used between memory operations in the same

segment. After the predetermined amount of time has passed, then

13



12 WD 20051055242 PCT/ US2004/ 037773 performed (block 730). In one exanple,
a timer or counter nmay be used to delay the reading of information fromthe
request ed address for a predeternm ned anount of tine after the prior nenory
operati on was erformed. After the predeterm ned anount of tinme has passed,
then 5 info?ﬁﬁ?&%ﬁ5ﬁﬁy be destructively read fromthe re§GEISENEBess
(block 740). In one exanple, a delay of 100 m croseconds nmay be used
between nenory operations in the sane segnent. If the requested address is
not in thénfeemetiommayybe egitten back théhe renuestashaddrespén sihé¢ samet hen t he
destructive reading of information fromthe 10 requested address may be

per f or med skgmedt @lecly 7wo).hout del ay (block 740). For exanple, the reading
of information fromthe requested address may be perforned during the

successi ve cl Oﬁ‘ka B%ﬁkﬁogée%ﬁ{eﬁ%&tg %ﬁﬁgg%bﬁ'?eﬁth%eﬁ 'i’l’?e V\;@g%q(ed address is

not in the sane nenor . Arter ormation Is structively read
fromthe requested address, .15 then.it. he determ ned whet her .a bl ank

| ocati on é)pgga[tgmi rﬁa)ér‘nr(‘ﬁ'Hé? Wré’é@QThﬂ‘?k, the @?‘,T’i tkoé‘grr?é‘ﬁtfrpﬁ% eA4ASEe segment
where the requested address is |located (dianond 750). If a blank |ocation

does nbt eddeassitn tharidankelocatigndnithe pthat segmandyblegkrZ8QlonWriindoe per f or med
(block 760). A blank location may refer to a |ocation that has been

previ ousl ynferrmaten eb ahethe?Gdamait Frmemonpeithél tHanosarAe deghient) mag r ead
operation. Although the scope of the present inventionis not limted in
this respgghrovd mBRors taridrfrante 3§ A%ifhg delay operations. "Sneak™ current
may refer to a residual current that may flow in a segment after a write and
may interfere with a subsequent read. By writing information to another
10 segment rather than the same segment during a write back operation, this
may allow "sneak" current to settle. In addition, by moving information to a
new location during a write back operation, information that is accessed
frequently may be moved around the chip, thereby leveling or evening out the
wear patterns of the memory. This may extend the life of the memory. In
15 summary, method 700 may allow for faster operation, reducing sneak
current, and leveling of wear patterns, which may improve the speed,
reliability, and lifetime of a destructive read memory.
In one embodiment, the total memory capacity of a polymer memory
may be arranged into thirty-two separately addressable segments. The
20 segments may be activated one at a time so that during a write, only the
unaddressed cells within the active segment experience Vs/3 disturbances.

Cells in the other thirty-one segments do not. Without such segmentation, a

read may consist of a read + writeback with the same address being active for

14



100 m croseconds [may be used between nenory operations in the sane
segnent. After the predeterm ned anount of tinme has passed, then 13 WO
2005/ 055242 PCTUUS2004/ 037773 information may be witten back to the
requested address in the sane segnment (block 770). If a blank |ocation
exists in aOPAB5¥Yent, then the wite back operati oRCHE2PHBTde
writing back the information read fromthe requested 5 address to the bl ank
| ocation in the other segnent (block 780). Witing information to another
segment obothenbhys, rthetrells i dhe sgtive segment Mmasabhe viularable teemddigtuses"f or mance
by avoi ding del ay operations. "Sneak"” current may refer to a residual
current tBatsegmentingwhe memsegrhetread aad variter back aperationy maytbefere with a
subsequent read. By witing information to another 10 segnent rather than

the same seOmmOtsadidrdtBin AdAFddsSspRREX nBPRY BfneQRs With aulBy). atHiothaysheak”

current to settle. In addition, by noving information to a new l'ocation
during a wite back .operation, information t.hat i$ access frequently may
be moved QF%QEHB“S?WE] l&»ﬁ{eﬁ%Iq%gpgggd[eesgeqqdﬁ\gnhpget{pé:%it,qga E%P?(ﬂﬂ‘éat'%'gr patterns
of the menory. This may extend the life of the nenory. In 15 summary, nethod
700 me§ abhother segmest.c Paspés aet st buldathergneviedito apgthesmegmend in evel i ng of
wear patterns, which may inprove the speed, reliability, and lifetinme of a
destructi yie reatbrirerBycausé nthe neritendudt spenbtion ketd atsegmupniereapéont y of a

polymer nmenory nmay be arranged into thirty-two separately addressabl e

segment s. ylNGestructive read operation, the cells that were flipped during the read may
not be disturbed by the write back. Thus, faster speed or memory access
times may be achieved without memory "disturbs.”

10 Turning to FIG. 5, shown is a flow diagram illustrating a method 800 to
write information to a memory in accordance with one embodiment of the present
invention. Method 800 may begin with receiving a request to write
information to a target address or location in a memory (block 810). For
example, control circuitry 54 of FIG. 3 may receive a request to write

15 information to a target address in memory array 42.

In one embodiment, the total memory capacity of a memory may be
separated into at least two separately addressable memory segments. In
various embodiments, segmentation of a memory into at least two memory
segments may be achieved by physically separating word lines and bit lines,

20 using decode circuitry, and/or using one or more voltage sources.

After receiving the read request, it may be determined whether the target
address is in the same memory segment as the last, or most recent, memory

operation (diamond 820). If it is determined that the requested address is in

156



20 segnents may be activated one at a tinme so that during a wite, only the
unaddressed cells within the active segnent experience Vs/3 disturbances.
Cells in the other thirty-one segnents do not. Wthout such segnentation, a
read may consist of a read+witeback with the same address being active for
14 WO 2005/ ¥930P5BET| US2004/ 037773  both. Thus, the cel PGI/ER2004B87H3¢ i ve
segnent may be vulnerable to a "disturb."” By segnenting the nenory, the
read and write back operations may be spatially separate in address space,
not in tithe $amme Marnopaseament ahithke lasy mamorycanarplionhdentg deledi ng one
address and witing back to a blank location in 5 another segnent. Data is
not | ost, operatioatrhey bepeetbrinedabiidked 3Gy bhe igxaniphe, areimeryor ddenderse t he
wite back operation is to a segnent different from the destructive read

operationpmg “ﬁeaﬁﬁéd %gayftv@rﬁnﬁh%w ofHELA HoRE thé FéhfBRYed H&&re’é@bgi sturbed

by the wit aster speed or nenory access tinmes may
achi eved wi thout, nemary,"disturhs,” 10 Turning to FIG 5, shown is a flow
O Bar e ar Braderar A ndd amein 0 Jirpe Fief TP GRS PABIG Rlor y i n

accordance with one enbodi nent of the present invention. Mthod 800 nmay
begi n i t perferra¢di ng a request to wite information to a target address or
| ocation in a nmenory (bl ock 810). For exanple, control circuitry 54 of FIG

3 may receive AfteftheEptededemhinke ahfourtfafriiraé has pagséd,! tieigheadmjetss in
menory array 42. In one enbodinment, the total nenory capacity of a nenory

ey be  SgRaedl fhy Bt réled @RS B4G). SRPARALLANpRIY @97BE OFRTOrY Segrrent s.

microseconds may be used between memory operations in the same segment.
If the target address is not in the same memory segment as the last memory

10 operation, then the erasing of the target address may be performed
immediately without delay (block 840).

After erasing the target address, then it may be determined whether a
blank location exists in another segment, i.e., a segment other than the
segment where the targeted address is located (diamond 850). If a blank

15 location does not exist in another segment, then a delay operation may be
performed (block 860). After the delay operation, then information may be
( written to the target address in the same segment to satisfy the write request
(block 870).
In some embodiments, both the erase and destructive read operations
20 may polarize the material in one direction, i.e., place the material in a
specified logic state ( e.g., store a logic "1"). Then, at a later point in time,

the memory cells may either remain at a logic "1" or may be selectively
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vari ous enbodi ments, segnentation of a nenory into at |east two neno
segnents may be achieved by physically separating word |ines and bit
20 usi ng decode circuitry, and/or using one or nore voltage sources.

receiving t request, it may be determ ned whet her_the target
s‘&ﬁ@a(ﬁzﬁﬁﬁ‘g segnent as the last, or nost recen’fé,T/H%’l‘?ﬁ‘V‘%ﬂé
If it

s in the

(di anond 820).
20051055242 PCT/ US2004/ Q37773
oper at i onchangsd 1@ 3%s "Oo fyr BRTYRMIRGP WEIGBR

exanpl e,

Is determned that the requested address is in

RUOR Yk VEEE) . I n

a timer or counter may be used to delay the witing of inf

fromthe operaisned address for a predeterm ned anount of tine after
prior nmenory operation was 5 perfornmed. After the predeterm ned anmount of

time has passefl.a bIBRR IddRidnPEESTs in Bt SseierRetirFeermiMiatinag48) - |1 n one

exanpl e,

a delay of 100 m croseconds may be used between nenory ope

segmont - aVTie e bishk 00 afk A Suorh, {aCkaddly e REHEREY

ry

i nes,
After
addr ess
peration
15 WO

}he,sama rrem)rgllbge nment as the |ast nmenory

one
ormati on
t he

rati ons

y
get

address may be rforned . imediately wthout dela bl ock 840). After
sty 1 IogiapBol. Hiias infoimation fo Hagthse SaSTEnioh SeRASE NI ank
| ocation exists in another segnent, i.e., a segnent other than the

segnent

wher e t hesaémegegowniddiessan ¢rase opatation dayniomero8sMhempfy petfbemangesby ocat i on
does not exist in another segnment, then a del ay operation nay be

10

15

20

avoiding delay operations.

Generally, embodiments described above provide a method to reduce
memory disturbs in unselected cells and improve memory performance by
partitioning a memory into at least two memory segments, creating blanks in
one segment either by, e.g., a destructive read operation or an erase
operation, and then, performing a write or a write back operation in another
memory segment. By increasing the number of segments, it will be less likely
that a delay operation will need to be performed. For example, in a memory
with thirty-two physically separated memory segments, there is less than a
4% (1 out of 32) chance that a delay operation may be used.

In one embodiment, a read from a requested address may include
reading all memory cells in a row of an array. This may be accomplished by
applying a read pulse to a single word line, and applying zero volts to all bit
lines of the array. Similarly, memory cells may be written to by writing to the
full width of the array, which may refer to writing to all memory cells in a row
of an array. In one embodiment, the size of the array may be 512 bytes,

although the scope of the present invention is not limited in this respect.
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performed (bl ock 860). After the delay operation, then information may be
witten to the target address in the sane segnent to satisfy the wite
request (block 870). In sonme enbodi nents, both the erase and destructive
read operatjon may pol arize the material in one direction. i.e., place
the material’ izﬁosé{%?zéf)ecified | ogic state ( e.g., store at 188?’6’04"9?77'7)3. Then,
at a later point in time, the nenory cells may either remain at a logic "1
" or may be selectively 16 WO 2005/ 0‘13)5242 PCT/ US2004/ 037773 changed to a
logic "0" by p-Elr"fnﬂTgﬂ%é'Ch B SOV ik DIRSd: AP OF 3CQPPYENY SpeteR ion. 1f a

bl ank | ocation exists in another segnment, then information may be witten
to the bl 80R ih @caoidance withencrkedigegtehthe present dnyention. wAstsbomeguest 5
(bl ock 880). Witing information to another segnent of nenory rather than

same segnpFIER8,9h one EhBSENRAE CpUing EstémIIO0 endiEimelydePs pfodesemce by
avoi di ng del ay operations. Cenerally, enbodi ments descri bed above provide a

met hod t Oggﬁgé%iragﬁggﬁ{ggfleﬁ'?éﬁ@,sa .Egcﬁ@ﬁ'u%!rr?cﬁgeg?ﬁeéﬁcf?qﬂgsé %E@’ee menory

per f or man 'oni ng 'a” menory 1n 1east two ne y segnents,
creating blanks in one segnent either by, e.g., a destructive read operation
or an 2ra$80. operation, and then, performng a wite or a wite back
operation in another nenory segnent. By increasing the nunber of segnents,
it will be | esBrdcekedryS10Q may be dedengralmirposenr gpetiakpypose pheceseer or med.
For exanple, in a nenory
such as a microprocessor, microcontroller, application specific integrated
circuit (ASIC), a programmable gate array (PGA), or the like.
In one embodiment, cache memory 930 include memory 40 as
10 discussed above with reference to FIG. 3. In addition, in various
embodiments, computing system 900 may be adapted to implement method
700 (FIG. 4) and/or method 800 (FIG. 5) discussed above.
In one embodiment, cache memory 930 may be a relatively large non-
volatile disk cache memory adapted to cache information for mass storage
15 940. For example, cache memory 930 may be a ferroelectric polymer
memory. To implement methods 700 or 800, cache memory 930 may be
( partitioned into at least two memory segments. Mass storage 940 may be a
mass storage device such as, for example, a disk memory having a storage
capacity of at least about one gigabyte. Mass storage 940 may be an
20 electromechanical hard disk memory, an optical disk memory, or a magnetic
disk memory, although the scope of the present invention is not limited in this

respect. In one embodiment, cache memory 930 may have a storage

capacity of at least about 500 megabytes and may include ferroelectric
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15 with thirty-two physically separated nenory segnents, there is | ess than
a 4% (1 out of 32) chance that a delay operation may be used. In one
enbodi ment, a read froma requested address may include reading all nenory
cells in a row of an array. This may be acconplished by a_F/%I ing a read
pul se to a YPRYPOSNE2d 1ine, and applying zero volts to Bf 5%94/ "Bi nes of
the array. Simlarly, nmenory cells nay be witten to by witing to the full
wi dth of the array, which may refer to witing to all menory cells in a row
of an arr awemony ceils, wheseinraach celliackidge adierroplectia RYlVimer etsied byt es,

al t hough the scope of the present invention is not Iimted in this respect.

17 WO 200%ddavéP Betviréan BERRGHLNE cohdlucTive ineg TheFeffoekectiddpolymer a bl ock
di agram of a conputing system 900 in accordance with an enbodi nent of the

present i %ﬁ%&eﬂﬁ%% ashé}mleégtgﬁg%o%riz%lé H\a?é}?aLeﬁfrﬁ’%HHg%WEh@ system

900 may i rocessor , a menory controller a cache nenory
930, and Ss stor.age,5 940. Prgocessor 910 may ,be. a general - pur pose or
speci al - pg‘ng%fé“E‘??}é'ﬁg%%Ymeé qater. 'QaYﬁceP\t%'rSScaeé@}SY',nyhﬂEP%%fn? roll er,
application specific integrated_ circuit (ASIC)., a progranmmble gate array
(PGA) , 5or polvethylere fluaridaca eebevinyhahioridea aHeolvethlepeditionidelaide menory 40 as
10 di scussed above with reference to FIG 3. In addition, in various
enbodi mentpdlyacpyipnitiileg a podyanide)0opelymizes atapdE dricombipbdorstheredhod 700
(FIG 4) and/or nethod 800 (FIG 5) discussed above.
In an alternate embodiment, cache memory 930 may be another type
of plastic memory such as, for example, a resistive change polymer memory.
In this embodiment, the plastic memory may include a thin film of polymer
10 memory material sandwiched at the nodes of an address matrix. The
resistance at any node may be altered from a few hundred ohms to several
megohms by applying an electric potential across the polymer memory
material to apply a positive or negative current through the polymer material
to alter the resistance of the polymer material. Potentially different resistance
15 levels may store several bits per cell and data density may be increased
further by stacking layers.
( Accordingly, as discussed above, methods, apparatuses, and systems
have been provided to reduce memory disturbs and improve memory
performance. In one embodiment, a method includes performing a read cycle
20 in a memory, wherein the read cycle may include a destructive read operation
and a write back operation. The memory may be a non-volatile ferroelectric

polymer memory, although the scope of the present invention is not limited in

this respect. The destructive read operation may include reading information
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di sk cache nenory adapted to cache information for mass storage 15 940. For
exanpl e, cache nmenory 930 may be a ferroelectric polymer nenory. To
I mpl ement cache nmenory 930 may be partitioned into at

70 800,
| east two g@h&?@”ﬁ’d?’eg{s. Mass storage 940 may be a ma8STAFWPUYEdevi ce

such as, for exanple, a disk nenory having a storage capacity of at |east
about one gigabyte. Mass storage 940 may be an 20 el ectronechani cal hard

di sk menoffPm adirghmeserygediof emopy agd g Neftecdback ereratiaBMay al t hough

the scope of the present invention is not limted in this respect. In one
enbodi nmentnclude weitimgnibieyin B8 hation read drosm she fissfeneomppciellytocd setorideast about
500 nmegabytes and may include ferroelectric 18 WD 2005/ 055242

PCT/ US2004dpidr{ /cll EiRRr MeRfIry $f tHehedcohl mambnrfe ebil id BGAilkbesS aigferroel ectric
pol ymer material |ocated between at | east two conductive |lines. The

ferroel ectric  pol teer] ferrpel | ' mat eri al .
In vari ou%Féés%goo itﬁgﬁ{'s T%tfﬁé{ ﬁ'leernﬁrcgr I%@trﬁ?’é%éo%?ﬁg% %ggﬁlgggé%%wcgfnpri se a
pol yvi nyl fluoride, a 5 polyethylene fluoride, a polyvinyl chloride, a

pol yet Pyl &emamesyi and the S%{S!'V‘a%‘ﬁ*m%ﬁ cell ey be, IqgAtGA A ae%@ceasoﬁegW§

thereof, or conbinations thereof. |In an alternate enbodi nent, cache nenory
930 may bef dhentemotyythat i physisallycsenanated fseroithadjrsf segmeanplde a resistive
change polyner nenory. |In this enbodinent, the plastic menory may include a

thin fil myadtheaInaEfurtddt inBREBEYWABLE e infemnatidre el fbnd fies Aikdes of an
address matri x. The

memory cell back to the first memory celi if the second memory cell is not

blank and after a predetermined amount of time has passed.

10 The method may further include delaying writing to, or reading from,
the first memory cell for a predetermined amount of time if another memory
operation to the first memory cell follows the destructive read operation. The
other memory operation may be an erase operation that includes applying a
voltage having a negative polarity and sufficient to switch the polarization of

15 the first memory cell across the first memory cell to erase the memory cell to
store a logic value of, e.g., a logic "1". Alternatively, the other memory

( operation may be a write operation that includes applying a positive voltage
across the first memory cell to program the memory cell to store a logic "0"
value.

20 In another embodiment, a method includes receiving a request to write
information to a first location in a ferroelectric polymer memory. This

method may future include writing the information only to a second location

in the ferroelectric polymer memory and not writing the information to the

20



resi stance at any node nmay be altered froma few hundred ohns to several
megohns by applying an electric potential across the polyner nenory

mat eri al
mat eri al

to apply a positive or negative current through the pol yrrer
to alter the resistance of the polyner material. Potentia

di fferent r¥9i2AB45242 15 | evel s nay store several bits pe]r’cyHﬂoo“é‘Ha”ﬂata

density may be increased further by stacking |ayers. Accordingly, as
di scussed above, nethods, apparatuses, and systens have been prow ded to

reduce mefitstyoeatian inyespARse

met hod i ncludes performng a read cycle 20 in a nmenory, wherein the
cycl e mayThadirstdlecatioke shayube iitva firetdrrapefr dhe derroeladtriz polyiner beerhoryper at i on.
The nenory may be a non-volatile ferroelectric polyner nenory, although the

scope of L& tRéE §866Hd I0R4BIBhIrAEy be |ﬁ<atsécbnuta¢ﬁw & tﬁéwrcre%sﬁﬁégo{xfgw
destructive read operation may include reading information

2005/ 055242 PCTI US2004/ 037, | .. Of

the wr i t e R oﬁ"es,\’} 91 oM 5 arralsPEbBsip D) sPRISt fiftl i rdsoRe AR,
first menory cell to a second nenory cell of the nenory if the second

merror y5 celTheiferagiapirisop@lymer gnemopy BayPeod dspHHRTIVEFRAG ij'lsgtcaﬁﬁﬁnry cel | may
be located in a first segnent of 5 the nmenory and the second nenory cell may
be | ocat eehemoy, atthough $legseope obthe heseetimventibatis net fimiteddalthis separ at ed
fromthe first segnent. The nethod may further include witing the
informati pgydogad fromthe first nenmory cell back to the first menor
I f the second nenory cell is not

10

15

20

In another embodiment, an apparatus includes a memory having at
least two memory arrays and a read circuit or memory controller coupled to
the memory to perform a read cycle that includes a destructive read operation
and a write back operation, wherein the destructive read operation includes
reading information from a first memory cell of the memory and wherein the
write back operation includes writing the information read from the first
memory cell to a second memory cell of the memory. The read circuit may
be a portion of peripheral circuitry 44 (FIG. 3) or memory controller 920
described above.

The memory of the apparatus may be a ferroelectric polymer memory,
a ferroelectric oxide memory, or any other ferroelectric memory, although the
scope of the present invention is not limited in this respect. In alternate
embodiments, the memory may also be a non-ferroelectric memory. The
memory may include at least two memory arrays, wherein each memory array
may include ferroelectric memory cells that may include a layer of a

ferroelectric polymer material having ferroelectric properties located between

21
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bl ank and after a predeterm ned anount of tinme has passed. 10 The net hod may
further include delaying witing to, or reading from the first nenory cel
for a predeterm ned anount of tine if another nmenory operation to the first

menory cel | I he destructive read operation. The t her nmenpry

oper at i on ngéﬂ@%ﬁgﬁu rase operation that includes applyiﬁéTQSNVﬂwvgﬁe havi ng
a negative polarity and sufficient to swtch the polarization of 15 the
first menory cell across the first menory cell to erase the nmenory cell to
store a | &yeEs obelgetrodese 9., a logic "1 ". Alternatively, the other nmenory
operation may be a wite operation that includes applying a positive voltage
across the fir¥thileweorain features of {hedgventionihaverdeen\jllustiated end tesaibedl ogi ¢ " 0"
val ue. 20 In another enbodi ment, a nmethod includes receiving a request to
wite inhergimtrhany thodHicktiors, stbstittiiens, chagdseand egeivalents pill nove bceanor y .
This nmethod may future include witing the information only to a second

| ocation td thosB@kAIBH IPHeRL. [tGs, ARérafire, RIDINIASS oA Mhatthe tppenddle
information to the 20 WD 2005/ 055242 PCT/ 1352004/ 037773 first location in

responge : ﬂyﬁ% i f gﬁ?ﬂﬂ i i i I LI st

| ocat i %n tﬁ%ﬁ%%ﬂ%ﬁ a Idrtgtcogglre%@ 0 tﬁéfﬁ? gﬁ@gg@;@}@%g@y@ﬁﬁ@%gy and

t he secon Ioca&iﬁﬂ]may Qe in a second array of the ferroelectric polyner
menory, HPSPRLO qW‘§@"%}ray is physically separated fromthe second
array. 5 The ferroelectric polymer nmenory may be a destructive read disk
cache nmenory, although the scope of the present invention is not limted in
this
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respect. In another enbodi nent, an apparatus includes a nenory having at

| east two nenory arrays and a read circuit or nmenory controller coupled to
10 the nenory to performa read cycle that includes a destructive read
operation and a wite back operation, wherein the destructive read operation
includes reading information froma first nenory cell of the nenory and
wherein the wite back operation includes witing the information read from
the first nmenory cell to a second nenory cell of the nenory. The read
circuit may 15 be a portion of peripheral circuitry 44 (FIG 3) or nenory
controll er 920C|gipgcri bed above. The nenory of the apparatus may be a
ferroelectric polynmer nenory, a ferroelectric oxide nenory, or any other

ferroel ectric FEADhgthod! ddMRptlind:HRrfoRRRita Riad GRIPMRE ftludesLNtion is not
limted in this respect. In al tde?%ate 2 errbod(iﬂ%ents, the nenory may al so be

a non-ferr {ri - LAcl at least two nenory
arrays, mﬂgﬁtﬁi&éégﬁgﬁggr@rﬁ?ng:ﬁ?aay%%géqu@elﬂ%@’ é(raraoel ectric nmenory cells
that may include a.l gyer qf ferroelectric | ymer. material. havin

forr ool ot ric. et Medestuclve itk oopafion nolBRs 8anganiematan 85084/ 037773
| ayers of electrodes. Wile certain features of the invention have been

i |1 ustrat 8t memerysstliad@imemerearay aad wheseinthe writehack epgration ut i ons,
changes, and equivalents will now occur to those skilled in the art. It is,
t her ef or e jndumesevritindethetiofodmatiar reduefram pies st memory cell to a second

memory cell of the memory array.

2. The method of claim 1, wherein reading information includes:
applying a read voltage across the first memory cell ; and
determining the amount of charge released from the first memory cell to

determine the logic state of the information stored in the first memory cell.

3. The method of claim 1, wherein writing the information includes

applying a write voltage across the second memory cell.

4. The method of claim 1, further comprising: delaying writing to the first

memory cell for a predetermined amount of time.
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5 clains are intended to cover all such nodifications and changes as fal
within the true spirit of the invention. 22 Clains 1. A nethod,

conprising: performng a read cycle that includes a destructive read
operation and a wite back operation; and wherein the destructive read
operation includes reading information froma first nmenory cell of a nenory
array and wherein the wite back operation includes witing the information
read fromthe first nenory cell to a second nenory cell of the nenory
array. 2. The method of claim1, wherein reading information includes:

appl ying a reag. md iretifodof €laitn 8 hehérelrsther@mitingytoahe lfirst raevodetedr m ni ng t he
anmount of charge released fromthe first nenory cell to determne the logic

state of {rfideRappNAd 8 irstivoNtage ihavihp_% ﬁ&fﬁénan@rﬂwsscmblﬁrsﬁnem@y met hod of
claim1l1, wherein witing the information includes applying a wite voltage

across th : 4 L conpri si ng:
del ayi ng \%??%3&{1 gﬁ gﬁ?‘f\’:&ﬁégﬂe |sn§eur$flérf§ntg§}spﬂg B%%B%@Qg@ﬂv&éﬁhé '%Em)unt of
time. 23 5. The thod of claim4, wherein the witing to the first nenory
cell incMARAYELED ying a first voltage having a first polarity across the
first menory cell, wherein the first voltage is sufficient to switch the

pol ari zation of the first nenory cell.

6. The method of claim 1, wherein the destructive read operation includes
reading information from a first memory cell of a non-volatile polymer ferroelectric

disk cache memory.

7. The method of claim 1, wherein writing the information includes writing
the information read from the first memory cell to a second memory cell if the

second memory cell is blank.

8. The method of claim 7, wherein the write back operation further
includes writing the information read from the first memory cell back to the first

memory cell after a predetermined amount of time has passed.
9. The method of claim 1, wherein the first memory cell is located in a first

segment of the memory and the second memory cell is located in a second

segment of the memory that is physically separated from the first segment.
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6. The nethod of claim1l1, wherein the destructive read operation includes
reading information froma first nenory cell of a non-volatile polyner
ferroelectric disk cache nenory. 7. The nethod of claim1l1l, wherein witing
the information includes witing the information read fromthe first nenory
cell to a second nenory cell if the second nmenory cell is blank. 8. The

nmet hod of claim 7, wherein the wite back operation further includes
witing the information read fromthe first nenory cell back to the first
menory cell after a predeterm ned anount of tine has passed. 9. The net hod
of claim1, whtd.eAmatticée comptising@stgragelrhedisml lendngestiored thefreorst segnent  of
the nmenory and the second nenory cell is |ocated in a second segnent of the
nmenory t hadstrustighyy atalvhegn ereaitad ¢ d camplith) plaffeim sesment peAérmiidg aAn
article conprising a storage medi um having stored thereon instructions,

that, wh hpgive)! : e BEMI Sy d
a € aﬁfﬁ@%\‘g Gt g%l R sUTeK Ve rgé% gﬁé’?a'{u&‘?%%ta Wiite tick db’e%tﬁméger rea

cycle tha udes structive rea eratron and a wite bac ation,

wherein the destructi,ve. rea rat.ion jncludes. readi ng,.i rmpt.ion froma
first  neRDRiPR U Seet el i d BER LR o Nigsd PR e MO BER Wsber at 1 on
includes witing the information read fromthe first nenor ell to a
second nemﬁrsyoraéa%il oh@ MemenmBHaY 9"%?’\%&9@'“ he wiitrebagk PREratioh ¥'19?Léﬂ% 10,
wherein the instructions, when executed, further result in: delaying
writing twriting the infermatienrread &lom therfirat peewer eelhionz gecentbmemasy cell pk.

the memory array.

11. The article of claim 10, wherein the instructions, when executed,
further result in: delaying writing to the first memory cell for a predetermined

amount of time.

12. The article of claim 10, wherein the destructive read operation includes
reading information from a first memory cell of a non-volatile polymer ferroelectric
disk cache memory and wherein writing the information includes writing the
information read from the first memory cell to a second memory cell if the second

memory cell is blank.

25



12. The article of claim 10, wherein the destructive read operation includes
reading information froma first nenory cell of a non-volatile polyner
ferroelectric disk cache nenory and wherein witing the information
includes witing the information read fromthe first nmenory cell to a
second nmenory cell if the second nenory cell is blank. 25 13. A nethod,
conprising: receiving a request to wite information to a first location in
a polymer nmenory array; and witing the information to a second location in
the polyner nmenory array in response to said request. 14. The net hod of
claim 13, furth®rA ewtped, dongpridiriger m ni ng whet her the second location is
avai |l abl e and wherein the witing includes witing the information only to
the second | ocgiceRiing 8 réd\fest @ WHRS inf@TRtYN itd arfRstieesNt A 4 pelymepquest . 15.
The met hod of claim13, wherein witing includes witing the information to
t he secon i On. not witing the information to the first |ocation
in respon&eérﬁ&o@:drﬁ@r gggest if the second location is available. 16. The

met hod of claim.l3, .whectein.the first lLocation |s in a first array of the
pol yner _memor y WS i REEEan e eaecand FEant b biadlesr mehed AR por ymer
menory, wherein the first array is physically separated fromthe second
array. 17InfEsEonsq KoRpidreqyestm 13, wherein the pol yner menory is a
destructive read ferroelectric nenory, and the first locationis in a first
segnent of the

14. The method of claim 13, further comprising determining whether the
second location is available and wherein the writing includes writing the
information only to the second location in the polymer memory in response to the

request.

15. The method of claim 13, wherein writing includes writing the
information to the second location and not writing the information to the first

location in response to the request if the second location is available.

16. The method of claim 13, wherein the first location is in a first array of
the polymer memory and the second location is in a second array of the polymer

memory, wherein the first array is physically separated from the second array.
17. The method of claim 13, wherein the polymer memory is a destructive

read ferroelectric memory, and the first location is in a first segment of the

polymer memory and the second location is in a second segment of the polymer
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pol ynmer nmenory and the second |location is in a second segnent of the polyner
26 menory, wherein the first segnent is physically separated fromthe second
segnent. 18. An apparatus, conprising: a nenory having a nenory array; and a
menory controller coupled to the nenory array to performa read cycle that

i ncludes a destructive read operation and a wite back operation, wherein
the destructive read operation includes reading information froma first
menory cell of the nenory arra and wherein the wite back operation
includes witing the information read fromthe first nmenory cell to a
second memznyorgewhemin thedfirshsegmentds physicdly.sepaeatag frmnathessedond| ai m 18,
wherein the first and second nenory cells are ferroelectric nmenory cells
conpri si ngegmepn- vol atile ferroelectric polymer material. 20. The apparatus
of claim 19, wherein the non-volatile ferroelectric polynmer material
conprises a polyvinyl fluoride, a polyethylene fluoride, a polyvinyl
chloride, a polyethylene chloride, a polyacrylonitrile, a polyam de,

copol yners theggo i j .thereof. 27 26. A nmethod, conprising:
receiving a reﬁﬁ'éé’? agéaﬁﬁggﬁ{?{'gﬁﬁati onto a first location in a
ferroel ectric nmenor rray; and writia(nygﬁtaaeinformationtoasecond

P

| ocation in thd MEPPYIVIIG p ERARY AT in response to the request.

a memory controller coupled to the memory array to perform a read cycle
that includes a destructive read operation and a write back operation, wherein
the destructive read operation includes reading information from a first memory
cell of the memory arra and wherein the write back operation includes writing the
information read from the first memory cell to a second memory cell of the

memory array.

19. The apparatus of claim 18, wherein the first and second memory cells
are ferroelectric memory cells comprising a non-volatile ferroelectric polymer

material.

20. The apparatus of claim 19, wherein the non-volatile ferroelectric
polymer material comprises a polyvinyl fluoride, a polyethylene fluoride, a
polyvinyl chloride, a polyethylene chloride, a polyacrylonitrile, a polyamide,

copolymers thereof, or combinations thereof.
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27. The nmethod of claim 26, further conprising determ ning whether the
second |l ocation is avail able and wherein the witing includes witing the
information only to the second location in the ferroelectric nmenory in
response to the request. 28. The nethod of claim 26, wherein witing
includes witing the information to the second |ocation and not witing the
i nformation to the first location in response to the request if the second
| ocation is available, wherein the first locationis in a first array of
the ferroelectric menory and the second location is in a second array of
the ferroel ect 26.cA method,, conmgtisiiie receiving @ request tawrity infermativrsiocafitsy
separated fromthe second array. 28

location in a ferroelectric memory array; and writing the information to a second

location in the ferroelectric memory array in response to the request.

27. The method of claim 26, further comprising determining whether the
second location is available and wherein the writing includes writing the
information only to the second location in the ferroelectric memory in response to

the request.

28. The method of claim 26, wherein writing includes writing the
information to the second location and not writing the information to the first
location in response to the request if the second location is available, wherein the
first location is in a first array of the ferroelectric memory and the second location
is in a second array of the ferroelectric memory, and wherein the first array is

physically separated from the second array.
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