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WD 2005/ 055242 PCT/ US2004/ 037773 METHOD AND APPARATUS
TO | MPROVE MEMORY PERFORMANCE BACKGROUND 5 In sone
worzeesnses) it may take several mlliseconds orPCT/US2004/037773

m croseconds to performa read cycle, i.e., to read
information froma location in nenory. Reducing the
time it takemMETHOB ANDARPARATOBCT® INBROVEMERORE
menory performance apgOBaAesured in terns of
menory operations per second. In order to inprove
menory perfornmance, system designers are continually

BA & ing for alternate ways to read nenories.

; re is a continuing need for alternate ways to
read information from a nenory. BRI EF DESCRI PTI ON OF
THB SIRABINNGBOTIRE, i tgyeieke srvera nmiligacents ersmidieseconds to
invention is particularly pointed out and 15

perféting hireatilcycld, aelned réad irffernsativr frding laeatibn dnmafmaorye
speci fication. The present invention, however, both

Red g\n&{lﬁ ?he rtlﬁﬂpi‘t £30kd O SUHbriRh hesd efclersaimmove tt9g Aoy

obj ects, features, and advantages thereof, may

Peff%ﬁ%{‘%e%y ESL% Btes sied £ BHEAGH m%’ﬂowq(zp(%rgcénp BPsecond. In
ordef f¢ HBPYE BT ORLGREBFS oYL SBeloeTs a1 coptinpally |

FIG 2 is a graph of the polarization versus voltage
searghipgdot pliernete waysdered wmedesel |; FIG 3 is a block
di agram of a ferroelectric nenory devi ce;
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
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:

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;
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1 WD 2005/ 055242 PCT/ US2004/ 037773 FIG 4 is a flow
diagramillustrating a nethod to read infornation

W@ 2Wsesh2#n a destructive read nmenory in accorRErts2004/037773
wi th one enbodi nent of the present invention; FIG 5
is aflowdiagramillustrating a nmethod to wite

i Fi@r #ag bdlow diagrarh illustrating Brmatits thareer! inférination stored in a
enbodi nent of the present i1nvention; and FIG 6 is a

destr@b%réad%éarmry il HSdorddndedwith Rie émaoefm@nwmétarégent
systemin accordance wth an enbodi nent of
lnvenzf) sent invention. It will be appreciated that for
licity and clarity of illustration, eI enent s

i1] ystrat in the fj s have n nec, r|I been
a9 a3 daorin ThibtiRie 3 Metiarb At tomdish Eore
of the elenments are exaggerated relative to other
memeryeifrencordancecyish pog emhpdiment ofhe present inyenéian; and
appropriate, reference nunerals have been repeated
amrb@g6tibea bloglrdisgram illdiradihg @ pordspafd ngnguuting system in
anal ogous el enents. DETAI LED DESCRI PTION 15 In the
acco Hc‘év‘évﬁg Q‘?EFHH ?%gﬁtsﬁf {1 bﬂarberﬂqﬁgéﬁﬂ§n5990' fic
etails are set forth 1n order to provide a thorough
under st andi ng of the present invention. However, it

Rl R S b s sRehBkees

lustialch e oy e B8 MBRpRR e A TR87E8. HEYEXRETPle,

been described in detail so as not 20 to obscure the
the djsnensions pheemeiddthe elemends peg pyapagraied celapve & ot
clainms, the ternms "include" and "conprise," along
elementstfot blarity. denithvert ivhess comsidére duappropaate, asterente ndestrals
to be

have been repeated among the figures to indicate corresponding or analogous

elements.

DETAILED DESCRIPTION

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
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

2
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treated as synonyns for each other. In addition, in
the follow ng description 2 WD 2005/ 055242
WERDANS2@04/ 037773 and clai s, the terns "couplt@UUS2AMI037773
"“connected,"” along with their derivatives, nmay be
used. It should be understood that these terns are not

and tRiMsMe’ By TsOupIdd'f and €ashnedfedr" aRmd evith ikReir

particul ar enbodi ments, “connected" may be used to
. i . .
dor RSk 2o b0 SO LB God gl Pyl B are o

) "Coupl ed" may nean that two_ or npre elenents are in
intengledett SyMRRYBaIIOLRaE 8ERT cBRtEsntnaRAtIGEAGBIDOdIments,

"coupl ed" may al so nean that two or nore elenents are
"conmettad! mhiaydud usexht@didicadet thatdwho ot heore dletnerds aeiihldirect
co-operate or interact with each other. In the

e T O o e

addition, the.term "information" nmaybe used,to refer
or m{e plepiehscats o et PSICAEpeBlep B Eomtiff Howeler
illustrating a portion of a ferroelectric nmenory cell
"coupted "haiayralgo Iheeans Bt tive /b oARreesleests @he netds éﬁtect contact
i nvention, Ferroelectric menory is a type of

withnezthobtiier | ButrpeDstyll tbaipeudte dizidsertabe \iehrexrlhectirarc
behavi or 15 of certain materials to retain data in a

gﬁ h¥ fSlRWiS§ deScr %nfé}LdTblﬁ mARE YT "dakf megaki Med to

ol arization, even in the absence of electric power.

e SRS 1 RO oSl B BpuSly e

orientation unless disturbed by sone externally
useq igggtardo dada apd insUYICERNS-The pol ari zation of the

materi al characterizes the 20 extent to which these

ddrigi. risisaa diagragnidstratieg gopertionaef @ fevaelansricenemssy cell

by the application of an electric field of sufficient
10 tBAT RRGLe aBed RPkabddiments of the present invention. Ferroelectric
memory is a type of nonvolatile memory that utilizes the ferroelectric behavior
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
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
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Ferroelectric material 16 nmay be a ferroelectric

pol yner pol arizable material, and may al so be referred
WQ 20080584% erroel ectric polarizable material orPGI/U§004/037773

2005/ 055242 PCT/ US2004/ 037773 a dipole ferroelectric

material. In various enbodinents, the ferroelectric

a dipe® Jeredela@drier materfaY |6 Q/EpIOUS %nﬁ’bmhwﬁt@ylthé foabeRetri@
pol yet hyl ene quorlde a polyvinyl chloride, a

polyr918} X%BVEFR.% @%%Iaﬁué’ 16’5” én,gdlg?thglene fluoride, a

opo éners or ¢

thereof Anoth exanpl rroe ectric ma eria

polyvigy! ¢hleridaea » \é@th@s@n@c&'%d%ﬁ gehiaenEionginie sa polyamide,
ferroelectric material 16 having a pol arization P nay

copobaméccidtezedof, metawrebinations diereoy.e Avarther iexandflearfda a
conductive bit line 22. An electric field nay be

ferro@ ltr'l@%ét%nfah%a%h&ﬁ%‘ee&?ér'rc?elé@ﬂric Midanplayémg. an

ectric potentla (voltage) between the word |ine

(??Qfﬁré%'spﬂﬁ aretinTe WBrlned S pBlul-BuBh £ hay e RS

FIG 2 shows a sinplified hysteresis curve 24 that
betweenus epadeetive wediling 2alang a pengetiive Pik ling AderAn glectric
vol tage properties of the ferroelectric cell of FIG
field lnay\bermpplipd ot theefevi@leleaagdc cell ®y, apfiyingd aa eledtizr dotential

line > 0) of sufficiently |arge nmagnitude (shown

(vo|t9§é)e|%e§\ﬁéer€mo% 2%, (VD) ér%cf amPbitamhet gadL)h& %ﬁ'tb ef%ét

e domains in the c are forc to align,

the .extent possible, .in_the asitive. direction, and
changgg 'Béf‘ {zagionpoty ﬁ'ﬁ’cfr?é@eﬁfg”géff‘ﬁﬁeé'ﬂ on pol ari zati on

Psat at point 25 on the curve. A further increase in
t FdGv @ shows pr sinpidedny stenesisheurviend4 dhet illustrates
pol ari zati on because all of the domains are already

|deali3.s|tic§ﬂ?Qhé?d&iza@ﬁm%%h@|v©|tiaﬁe thepétiticecodf eie dérrodlectric cell
el ectric el d produced by the 20 vol tage between the

of Fl \}\/\ewgﬁ aaBQSIP% \Jdlf}:\%e (erb o%,t ,Eg‘a”(PV'VOE, line >p8rc‘b¥ s\’;?ﬁmently

OI t
large magnitude (shown here, for example, as Vs) is applied to the cell, all of
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
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
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may be applied by applying Vs, e.g., about nine volts,
to bit line 22 and applying about zero volts to word
WO 2098/02042 | N ot her exanple, two non-zero posiRGWES2004/037773
vol tages may be applied to bit line 22 and word |ine
20 to generate a 4 WD 2005/ 055242 PCT/ US2004/ 037773

posntﬁ/és‘lléllté/gjia ¥OldsegRateiaP9®. material 16. I1f the voltage is
then reduced to zero (foll ow ng path 32 to arrive at

o9 i §3hae L e 05 LM g 7t e o

_or reversin but nost of the domains retain the| r
pointo? | e fOANE Qiﬁ%%qlfi'eg\a'%é"\f"&ﬁ‘rU@'Te‘ért'?rftét'ﬁ’é‘t $urefestes "r%as

a remant polarization Pr. |f a negative voltage of
rotatigf, filippiegtdryrelvarsigg)rbanint esteo f( Hleodembireretbor their
exanple, as -Vs) is then applied to the word line 20

orlen%ﬁoﬂ 'Tﬁ‘ust Qh@'f@rrbbl&%‘cﬁ@ mdtbAkLI @G PPEMNAft tp%lé}i%a"ﬁfon Pr.

domains are forced to switch their

S OB R T LA T

vol tage (follow ng path 36to(§30|nt 23) allows sone
exanmgfle t - \ds))nlﬁuthgnta@p@ﬂﬂtt@rtheaﬁgr liee 28/ llelfa*@vartpztat ligg 22
reaches the negative remant polarization -Pr, which

(folloving §arh 184 tdipolnti 27)i, alldifstherdedaimgaire. fdréed he switch their
positive voltage Vs is again applied to the cell

orlengét%A oéMJ‘ﬂw Bbﬁrlggt i&? rOUHYs #1) ne aght S ceFPénq & -Psat.

I swtc elr orientation, es on

ositive satur olar| tion Ps
Remwpgagén%sataea wSiEiast RohOWis palh 8Bisor Boted 4 3hefws some
considered to be in the logic "0" (zero) state when
of the ltmmaihartozawitem #nd theosll polazsizépoeireaabey the rRdative
and the logic "1 " (one) state when the polarization
remn'aﬁt PeLRiZaYien(-PF,efvaIcit Yefdins uRti) it i iesRFBEGRITGRIM. [9ftha

logic "1" or logic "0" to a positive or negative
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
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
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

5
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20 polarization is arbitrary, and in other

enbodi nents, opposite conventions may be used. A
waez2oos/asn42anount of charge may be required to SRET/EER0041€37773

polarity of a domain, so the further the polarization

noves along the P axis in FIG 2, the 5 W 2005/ 055242

morepégﬁ]bﬁg%éﬂ/a%EWW’&Imfﬁcﬁmmetdmfrg@Iser@Wme@hG’@huaﬂcthe
the nore charge is required. Thus, the transition

transgi%ﬁrtogrftllué’ %r%ﬁc %5‘53{&% Gt tonpcoﬁﬁttof}ﬁgtlf?gl%h@ stNS & pgfmt 25 is

conpan e substanti

rel ease of char ge, reas t e transition from
accompanpbby e REIANGE 1616056 Ies TG A sHpa TR sy from
little charge 5 release. This difference in charge
pointr 2l easzb fmiochdege i stdtehdnaecompapiedny peey lidle clarge
"destructive" read of a ferroelectric cell. In sone
re|eagg_rrory storage technol ogies, an operation to read
ata froma nmenmory |ocation may cause the data to be

dest.r d. This is so tines r
e Bfetoncs 3 ghieiefivadh oo R T "Bl e piinite for
type of storage nedia used or how the nenory system
a "desgrupsivegriead Sonrkerreaieoirist¢elk Weﬁ@me@emv&%r@ﬁpe
have destructive read operations. Destruction of the
techi@logidsn af dprationtareat maty frdno Gatieororpaycation oty cause
erasing, clearing, resetting, and/or overwiting the

the d?‘ftgqg%é 9&?[’6 Eﬁ%@b{ﬁgﬂﬁ& &L ab réedé’s?&@ct'i@é%ad

being read i n or er
behave in a no d structive r g ehe
operfiion RRdARaNFOI {9ane sYie o7 depRanPdie assor BB E{aw 6
negative vol tage
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
back after being read in order to behave in a nondestructive read menmory
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
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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sufficient to switch the polarization is applied to

cell 10 while the charge released fromthe cell is
wobwsnsed: A | arge charge rel ease indicates theET/UsR9042G87773

cell was a logic zero, whereas little or no charge

rel ease indicates that the cell was a |ogic one. The

C efdrrauiéistriemateridie alyoce gibit eesitieney, dvhsreinfa férsosibetriz cell
before the read operation. Thus, a cell that was in

can {6 Ra3pfirarf t?%%%{bg 9% ﬁﬁé”@”ﬂ%%sé%sﬁé
PCT/ US2004 /113 7 7 7 Ferroel ectr terials.als
exangglgi BFSUPEY @ |°é‘ﬁc%at‘?/vﬁ’é¥ agf candiiqny re% grieelggfnic CE@naS

return to its remant polarization despite a snall
repratiested bgmemnafdrpolanzatinepositieniddhgl Aystezesisatwve 24, a
storage condition for a ferroelectric cell, as

small 98&8@@mﬁdr@hdeemvat/snﬂbwréﬁﬂbcmsm%ﬂ dxma?t%mfsmft 40
hysteresis curve 24, a srrall vo tage di sturbance of

son el BRSPS

of the ferroel eptric_cel_l ma_y realign their
ferroglacéne aell gnay realiamsthel otieatadens e thak ehrthe cell's overall
orientation, as illustrated by return path 39 of

orieMiygbder esilkbistated bl dretlninGoath 88 of Hylsoeresid agwvani4.
illustrating a ferroelectric nenory device 40 10 in

agqar @airécz?b\’éﬂctkhdléa dﬁgﬂ't?ﬁ’@étf:@cmg Rf ﬁB@leEEn@@ﬁ%mory deVIce 40

i nventi on. nory 40 |nc udes a cross-poi nt
42 havi.ng word

in acBRidanaroR R eTHRELTIEBt OFShF GEFERY niEe it VAR Qe flevice

as, for exanple, a ferroelectric polyner material,
40 mniydmamrgmpemtmsmmmmx WRTdon Ay Aihawing worddines
to formferroelectric cells at the intersections of

46 th& 6rolsk s lindil4BL FelrfoeldctRS mdteFialexadPhe, fd example, a
ferroelectric cell 10, such as that shown in FIG 1,

ferrole%é:;c]tlclc,’?)?)eﬁggs%g alt'nf: eb%% Qg{osteﬁeoé‘w&eqer’ {Hbeword lines and

nd t

bit lines to form ferroelectric cells at the intersections of word lines and bit
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),
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.
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identified as 22 in FIG 3. In this exanple, cell 10

is referred to as "active" Dbecause it identifies a
WEpwssi2¢2 cel | that has been sel ected to read. POYES204/€B7773

line coupled to the active cell is identified as an

active word line (AW), 20 whereas the remai ning word

Activd DeFdadinesp@asbbitdinedmilay aesbé Pilelredlidk esvissRctédieadddessed,
line coupled to the active cell is identified as the

i s [ : whereas the remai ning bit
or taﬁér;[eos{’%ﬁghggg@?v%éﬁﬁs'l ines (PBL). Passive word |ines
a bit Iines may .al so referred tq as unsel ected rd _
T Rb8niRadBIG: o PhEKe Sallyroube) Gaiang lovel voliage 1Vs) is
PCT/ US2004/ 037773 Active word lines and bit |ines nay

appliatiso the acther biédined?2 2sThelret edel udidags hed,a magnitadgah at
word lines and bit lines. Wen reading an active cell,

is define8as QV,,SW Yching dRVel suffkbieddfo (6ot 4 polaRBliIbEHeVérsal
the active bit finhe 22. The read | evel voltage has a

of thgugtys §8iLy B ThyS, L BFHYE BRNTS eblpludt? goao. wherei
p

ol arization reversal of the active cell 10. Thus, the
appligatipp ofctbe| repd lenaltvoliagevepy svaseh thhepkisnpolarization state.
application of the read |evel voltage may switch the
To raszble shepotaet 2hith aftestaap@arizdibon estersal, tthe datamneay Hat a

after a polarization reversal, the data nay be

itteh - ifati0e (def. ARtdorke Rldodi & 42
Wnttghnb%éﬁrr}'g E?g !ﬂe r?gm?ycrégr r ayéo42e %0 Br?ad)}h%en%%ar te .”%‘.”X naér yor
nted i,nto subarrqys, and d read cIy I

egne [ urin C t
may HEP B tiANer SRR PR (Rl T ey RUTRS a06ad ©yERe data
descri bed below. During the read, the passive bit
may |bienesittemdbaels £0 wpotiar aneineey cathstdescdibieddrel o h
vol tages that provide quiescent |evel electric fields
aqy @5y the redBShieVigaskBIe iElliAes laind sRsivie Wit akeemhay be

| evel voltages nmay be defined in 15 accordance with
drive&hh\glritif\?]élké&ég tf%lf%rb\t/iidgsqlﬂésééﬁ? Ié\%l re‘?&t’:ﬁﬁtﬁélﬁs %%Hss the
passive ferroelectric cells. Quiescent level voltages may be defined in
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.

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

8
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pol ari zati on disturbances of the cells are kept within

a recovery range. For exanple, in accordance with one
wepdesdsaent of the present invention, the quiBSUESR004/037773

| evel may be set to a nagnitude no greater than 1/3

the switching Ilevel voltage. 20 Referring again to

48 ntdye AriveRaantpsshdddnieg adfolimn decdslidr eclbB 2ahaoWelects
decoder bl ock 50 that selects which of the word |i nes

whlcff WHth?t ﬁﬁgé‘%%ﬁwe\’ﬁwd uord idg Bﬂqln\@'f’glﬂqﬁh‘?cﬁj% Yiﬁv@sas

ve Wor nes 1 n response to various contr

buffered address signal s 56 fromco |try 54
passigebiBines 1 FPENSROSIGURBSEIHIHEN bsgﬂqdlﬁgaffﬁ sjdnals
7 3 48 may be driven and sensed by a col utm decoder
58 flanodke SAntiohtirsaitectThe ebluoin déecoder btk 152halsotioclddeseone
and as an active bit line and which to drive as

or mBRS 8é& BirplifieRefo FALiliRePPaRANG ‘bf"tﬁé'éé@ﬁ/ecf@%'e@ctﬁ@@ell to
buffer ed address signals 58 fromthe control

re t )é E coI um decoder bl ock 52 al so includes
provig e® r%? sense anmplifiers to facilitate reading
of the actlv.e ferroelectric cell to provide output
dathe eantrgheireWhyrot neay elvds semengiyal] AL Vatdaus 6REIRGNENts
all of various conmponents such as, for exanple,

suchaskrfes exbnipler sddrees dusiesienadrsequaaterss alapd sampderstdrethe
like for controlling the overall operation of the

like fﬁ?&%ﬁ.’ro‘l’l ot;i ngﬁ ég%fag d&ﬁe??f?@ﬁ of th. r\ggm?ﬁ@ 'dg\?&esdf@ W"f‘lrésrﬁ%se

contr rom out si evi ce

o S o S et L

drivers, multiplexers, lowto-high voltage

c oFveerawrdgcogiet blegk ﬁ@yn@‘e inalydée vadofis componsAits istoh &s,

architecture enployed in the nenory device. For
for e Erovl fdebBBerE RN Idid abivérd, insultiplexers, 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
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

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.
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15 divided into subarrays, then a nmultiplexer may be
used to switch the word 1line drive signals between
WO kw5e8M342 r ays. The col utm decoder bl ock 52 neBCT/US2004/037773
i ncl ude various conbi nati ons of colum decoders, bit
line drivers, mulitplexers, sense anplifiers, wite

dray gistusSé@ abdakean fereeldbsric pb?@nmﬂbmﬁry%év $itdriey ,
row decoder bl ock, and col umm O decoder bl ock may

. t ' ral . Gl reul ks face
inforlyB B 2B RS o, ST I A bolbr thiR SREFSF (R
. systemof FIG 3 is only exenplary, and yariou .
direcgippgndBrRitd §m@PdHEFPbHBPa9°?%"|'Z@6l9“t MAYrRE ﬁl@psﬁpﬁwyw'vmg
wi t hout departing fromthe principles of present
a spedifieddrive. va@tad®, 2005/\05 E48sPCTe Py bidrirhefior g rmaterial 3
As di scussed above, a ferroelectric polynmer nenory may

whicﬁtiFraepoliaﬂfz?l'ilg%bfﬁ"riakw N?b@ﬁivé! g nfd\efild te FbIRPEEoM h dne
p filmin f two d e

ol yner one O irections. In on

. enbodinent, the polarization be "fl.ipped’ b .
direof35y sl Beas PpLacarToL Mo parigaoRiyihe Bpgsice
~ the polymer nenory material, 5 which is a polarizable
directigner Th¢ drixepediadevefl s that is suficipet i swtshaindoie n
one direction, and a negative voltage may flip the

polaraitin gaté of d mehieryapiosialy e iferet itoras dheadivoltage and
voltage of -Vs that is sufficient for switching the

Vs ngag) BE iréi%tr}eQﬁc?BQtaew?ige @esﬁsgg,; é{ltﬁ&idr} R sB6pd 8F Shé §eddht

a read voltage an be referred to as a

i wite voltage,, .although the scope of the present 10
INVeRtiRNs P%hh'i"'gteﬁdf‘ thsrﬁq%é?ﬁcr'n this respect. To wite

information, a wite cycle may include an erase _

opler mtriterinfdroldtiomed pugsidycle imayadneltidecarp peaset dparation

depending on the desired logic state in the nmenory
follo®w@l! posEisly &y28 GvieRes BéradidnrBpePairdy bE &ht R sIFBl 8 didl state in

one
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.,
store a logic "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 "O" 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.

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
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direction, i.e., place the material in a specified or

desired logic state ( e.g., 15 store alogic "1 ").
Wabkwa/0sas2 a |later point in tinme, the | ogic staRE/E$290£eB7773

in the nmenory cells may either remain at a logic "1"

or may be selectively changed to a store a logic "0"

destrO¥tiPe ré&d BpeatforythkenRpaTaaionomal/ e wrverapptl te the
vol tage across the nenory cell that is opposite in

: . - o
o), Bt oFEIPAFE shouhltve Yold BB8AREL 1ES sblpO o
destructive. To read infgornmation  froma destructiv .
mateanin WehE/GtIans bad AGEH aryAt o I FoSRwIER i qsyEd logic
read operation and a subsequent wite back operation.
stateSi euge, stoferanegicohl St ofleeh,at a Etpapointihdmehtis alic state
address of the nenory nay be |ost during the 10 WO

store@qg%gﬁﬁgﬂ%rggﬂly}?\@%é‘ithéﬂ%rﬁaiﬁ dt 3 1sgetucdr yayrsad

operation, the infornmation nay be witten back to the

nmenpry, to restore it. The dgstructdve.read e i on
seloclyhenainae it Actolsa i by ReHar Puld AduARFbELK

place the material in a specified or desired logic =
operaficn &hqt may.appdy 6rvltageoiiress the ymempencelhithat isaerposite in

point intime, the logic state 5 stored in the nenory

polarit§¢! dompaiedeid tey voleags ap@gliedadlngg ¢hé Hestructimy rbad operation.
sel ectively changed to a store a logic "0" by

Acco\?@iﬂg% %@%ﬁt%&)&%t%ﬁc& a Qn:}:’rzl]rel""é\i{cﬂgtntn DAbeEhiIBPRS ¥h& write

age across € nenory I's opposite In

pol ari.t onpared to the voltage applied during the
back ppgratie iO&@n&@goC%%r ation. Accordingly, the wite

operation of a wite cycle nay be simlar to the wite

10n maeke>aveplat ifonfamatiorerandciroimea requesiedaddipseis written

information read froma requested address is witten
backP88 khé Qahfteadddes 2H6HRBE6rNg RingblRetéd endmMeB) €sllLsharing the

menory 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.

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
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.
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same word line or bit line as the selected nenory cell
may experience "disturbances” of Vs/3 when nei ghboring
w@2jososed2 cel |s are witten. 15 In a ferroel eck@1/6S2004/037773
pol ymer menory, for a period of tinme imrediately
following a "flip" of polarization, the polynmer nenory

ceiHe &MYBuhPBE deRY Bflez@ddddmalyf depsiidech ete tetecarstes inatbrial
vol tage. For exanple, this may happen when a read is
I ' e -
ot BLRALTACH AU fo e BOREApo ot AT LA The
) cell. As is illustrated below wth 20 reference to the
interation@é the elacgdermaterial With the AalyBRAAYRECMaterial may
pol ari zation, delays or pauses may be used during
result @adidigtuabahee of thng polarizatiohymehe memory celflifetwle iragmory
may | engthen the time between flips and di sturbances

oper%t?olrgé’giéjpér@éﬁnéﬂ viaiia-a ﬂe\aN@l?Q@@rPﬁéﬂé@ ofP@&Hh&/S2004

7 7 7 3 The anmount of delay tinme used nay depend

C RSt ikt ety i 8 oot BB AR bR UG T

interaction of the el ectrode material with the pol yner
read ifapngtiorastoredin agstruclyg read inamgng N AgRRdaNGs with one

pol ari zation in the nenory cell if two nmenory 5
embagimeat obthe Eresemianyenticed Mietihddh 790 eayt hagih ywikihaeceiving a

period of tinme. Turning to FIG 4, shown is a flow

requédd@ ARd ihfoteidtRd 8nRamBEhested0stdrass bf st dtidroimn@méiory
stored in a destructive read nenory in accordance with

wtoc§igr QPR AP oA EERRL SHUEPl o AL 0

information froma requested address or location in a
requesinter keatonfarmation7from apgpuestefpaddresin MAMeNYr Ay A2

54 of FIG 3 may receive a request to read

i nh@nEaéinbbdini@n, ahe eqti shetoagdapasity of mememorgrmay be

42.
separated into at least two separately addressable memory segments. These
segments may also be referred to as arrays or regions, and may be physically
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
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
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In one enbodi nent, the total nenory capacity of a

menory may be separated into at |east two separately
w@seseébl e nenory segnents. These segnents PEl/USA084037773

be referred to as arrays or regions, and may be

physically 15 separated from each other. Referring

perfo%@ti bodk! EBOY, 1AfdRs ek@eple)i M niehor iRamhtéeaisgShe ubed to
be determ ned whether the requested address is in

ool 5 OB SR e AR R o

may be a read, a wite, or an erase operation,
Dfedﬁpffﬁmﬁ@hamﬁtén'é@Bﬁlén%ﬁfﬁéhﬁr%%rﬁ‘?erﬁer\f APEFRLIBHWES not

limted in this respect. An erase operation nay be
perfopaued. OAfter te@gredstetrmireed amount ef ¢iynd bas Idassed| then
determ ned that the requested address is in the sane

Y [
o B g SRS AP Rt ol o

/ US2004/ 03777 erf.o bl ock 730
740) o 13 A RAMPlénd delBY R e EendS 2oy bR GRLDetreen
reading of information fromthe requested address for
memary ppedstomsniniibd samesegofenti ne after the prior nenory
operation was perforned. After the predetermn ned

anptHY refucktdte abidsesgas 3o, intthesamed miconomt seymenmtyadehe last
destructively read fromthe requested address (bl ock

memé?&pbge@?@?{,‘ ?hsﬁ efﬂglo%stl%cgﬁleaﬁéaghﬁm(%n%r%m BrRYS tHEY

menory operatiofs in the sane
segnent. If the re ueste .address is not in th a
requARIAR AdLRIHENY B& PEHOMEG M %ewv Shont delay Rk 740
destructive reading of information fromthe 10
For exaquis; tek wadirgs of mfprivatiperffamrtbe reawestiest addregs nmube
del ay (bl ock 740).
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,
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
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
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For exanple, the reading of information fromthe
request ed address may be performed during the
W@ awseseive clock cycle after it is determ nedP@TiES$20041€37773
requested address is not in the sane nmenory segnent.
After the information is destructively read fromthe
mforfn%‘ﬁi@ﬂ%@ﬁ bRA@éteh badibtd Bed réduetiyd e dessseinmhrkesame
whet her bl ank | ocati on exists in another segnent,
€. nt ot her than the segnent where the
segnieggdglé)?lé ddress is located (dianmond 750). If a
bl ank | ocation does not exist in another segnent,
t hed blantelogptiopepdsisdn anghpeseRIPEBE: rﬁé@n(%\eowm@eyk
bl ank | ocation may refer to a | ocation that has been
operi@y haysing lieteaseiting bduk tHOinfyrraatien aszd troen abhe oseqoestad
destructive read operation. Although the scope of the

addrédL&FPHe bﬁ\ﬁﬁ%b@ﬁoh% ﬂﬁ’é othdP deRfnérit (bld&k V%@Pe(\ertth

one exanple, a delay of 100 m croseconds [ may be used

. n ne era n th ne

mformi'oartga%racﬁﬁﬁ?/ sEATaRb GOy R LhanSEER SxdERMhdney
WO 2005/ 055242 PCT/tJS2004/ 037773 informati on may be

improwé memotyad founanee by Ayeidied detryt eperatipnshe” 3agak" current
segnent (block 770). If a blank |location exists in

may a8t hera seii®N curidhnerhahmay lléw ihac kegmpat afieprra walte and
include witi ng back the information read fromthe

may grft%%% Gth 3 & SUT 3 gﬁE g%&tdhe\ﬁ{}l Anti rJgo ) r%l?lo’cher

er segrren tlng |n ormati on

anot h t of menory rather than S Y e
seamgRy rafHAsrBOR S SEITEPHAHERY L A8 kAR ra%mﬁyn this
operations. "Sneak" current nmay refer to a residual
may aliowetegneakitcumgntftocsettla. dnsslghiton, &f neoviagwniorenatied to a

may interfere with a subsequent read. By witing

new IdYRI0MPE Iy BOvAR® LEEK 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
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
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



10

15

20

10 segnent rather than the sane segnent during a wite
back operation, this may allow "sneak” current to

W@ 2106085242 n addi tion, by noving information toPGI/USREO4/037773
| ocation during a wite back operation, informtion
that is accessed frequently may be noved around the

both CHihus, thecehy of eMelaichige Wegavatti may By vilnerableas a "disturb.”
patterns of the nenory. This may extend the life of

By ségﬂﬁ? e rr#é]”naal Stﬂgrp%éf ardERied b%%g %Baéfaﬁ&ké’W\J\Pﬁe

per ati sneak curr

Ievelln of wear patterns, which may inprove .
spat@%\ééaparaﬁ%vr? aefi{qstSfpa&ﬁanFf%f'm]%(%%/ %{Fﬁegw t i s may be

read nenory. In one enbodi nent, the total nenory
accongyiabed yoyofeadinwobdyeraddrassoand wriatmgabaak tarsgeldnk deeation in
thirty-two separately addressable segnents. The 20

anotﬁ&gé?g{iﬁénmwa’p@.@ﬁéﬂ MRk eBuRRhat rrﬂ)\Iédn‘R) §ﬁot‘h|éatsegﬁfelnlﬁ%
a wi only the unaddressed cells within the active

v SEREF BT Sl SRR e o

segnent at i on, read may consi st of a read+ witeback

the dgistrwctive rgaw@psmﬂ%sth@eqthg that wererilipped dyring the read may
2005/ 055242 PCT/ US2004 /113 7 7 7 3 both. Thus, the

not b&bilsmr@bdtﬂi/etmwme beegnefusTeiashe spdeldeoramemdrq @ Ccess
"di sturb. By segnenting the nenory, the read and

tmeé"@%ﬁfb@%%he@%@ﬂﬂth%? nEoRe"digRabsal | y separate in

r'ess space, not I1ntinme (as wth pauses). This may

NS B EiCare STEAF ﬁ%‘%’fﬁﬁv SRR GG et Sq o

not lost, but rather noved to another segment in the
write iefeongtioBta a meemenein@dooedancekwidh epataropodigient oathe present
segnment different from the destructive read
inverfipar a¥lethivd 800 eV Ikegimalittwesoeivihg e udist itogvtitee r ead
may not be disturbed by the wite back. Thus, faster

inforiERM U a TR AdAFSESSr location in a memory (block 810). For
example, control circuitry 54 of FIG. 3 may receive a request to write
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,
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
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times may be achi eved without nmenory "disturbs.” 10
Turning to FIG 5, shown is a flow diagram

WO Rloges2#x i ng a nethod 800 to wite informatiRET/URO4/037773
menory in accordance with one enbodi nent of the
present invention. Method 800 may begin wth

the shAfeLNENiEryasdsieSAs tife YddtirRemioRy @paRdticr) thena tHelaget
address or |ocation |n a nenory (block 810). For

4 @
operdtiTRigy bg AHopnoi b BAOR o8 BeatiplEla HRRE dfbdbnter
menory array 42. In one errbodl rrent t ot al

may Eﬁgﬂf@ﬂtf}? delay thenuriingwy Ia@rr@émrf@@u%%f%%mfgtﬁeﬁfe%
two separately addressabl e nenory segnents.

for apaedeiesmémdab dimoemtt f tﬁngraétHrahbq:TimfmamvrmgeraMmV\eﬂs
| east two menory segments may be achieved by

erfotpmégl cally separating word lines and bit lines, 20

usi ng decode circuitry, and/or using one or nore

sourc s. After rece| the read, r ,
S i ?{@a G AT o haE phES, CBENTES taldet
t he sane nenory ment as the |ast, or nost recent,
addressninay bepeasgdi (bip 84fbnin gze)examplex ajdelapeptrMbhed
that the requested address is in 15 WD 2005/ 055242

micrd¥ebio82 R4y B3 /skd béeveaindrony ypSagonstin ake tshend asgment.
menory operation, then a delay operation nay be

If thep?é'rh?f Eﬁére(s%' %tqﬁgke Slaﬁqeﬁoay t?f@"?égﬁ'ne@t Lé ?ﬁé 14t memory

e use Ing o
i nformation fron1th ested address, f
operaiom P ?1 RISt Y D SAEEP ARG DBTRSTOTRSFbr y

' operation was 5 perfornmed. After the predeterm ned
immexdiately wdthautndelapdbloak<sH)).t hen the target address

may be erased (block 840). In one exanple, a delay of

1Q%ter 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
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

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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m croseconds may be used between nenory operations in
the sane segnment. |If the target address is not in the
WG 2v8/05#Dry segnent as the last nenory 10 opeRPGR/USR004/037773
then the erasing of the target address nay be
performed imrediately wi thout delay (block 840).
chan§éd @b £load NQ" tepdrds@isihgaf Airte badkh@perationeyr devrite
et erm ned whet her a blank location exists in another
egirent i.e., a segnent other than the segnent where
e targeted address is |ocated (dianmond 850). If a
bI ank 15 | ocati on does not exist in another segnen
A blanfeloaptione?XitiSdR AN BleSeyBRRbER PH" '%mav be
After the del ay operation, then information may be
writtanitbttbe blenk hecatamgietthaduthes segmeni¢o ssartis ' dyerawitet wquest
satisfy the wite request (block 870). In sone

(blocR B, nﬁmtﬁ\%mbf‘mhf‘@n ) %ﬁ%tl@éﬂséﬁ?ﬁéﬁﬂ@f eémogaEhther than

operatlons O may polarize the material in one

oper

ce the ter|
samq 5pobf Alter ah.ergBe BEBgl, afinBrold afbmfEbrhfiflnce by
| ater point intime, the nmenory cells nmay either
avoidisgnglelpyaeperatigfise " 1 " or nmay be selectively 16 WO
2005/ 055242 PCT/ US2004/113 7 7 7 3 changed to a logic
" Gerwralherdrbotlingerits Wdstcebbd @b oopgirat/idena onethodr ot educe
operation. |If a blank | ocation exists in another

mem%ﬁg RAbrbd | *ﬁ%ééﬂé@%ﬁ%n@ BN S ve WhbEHR) ﬁe?fc}rpr?ank&lew

["'ocati on |n the other segnment to satlsfy the wit
partiGdg A HRHBED o dARt A DS SRRl ”ca%%’uﬁé‘ﬁﬁfm?s in
erase operation, may inprove nenory performance by
one sagrheiineitiie by, @ge,rad'ea‘ngctive 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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General |y, enbodi nents descri bed above provide a

nmet hod to reduce nenory disturbs in unselected cells
w@pwsospeove nenory performance by 10 parti tiRelR/H§R0e4/037773

menory into at | east two nenory segnents, creating

bl anks in one segnent either by, e.g., a destructive

I FRENPREIAL ARG, Whodtn & a3RocloBRIGh PO addinpleiy system
performng a wite or a wite back operation in

900 ggé%oidgngg eraﬁe%ﬂ@? engxseﬁif (%g‘ntl‘l‘ﬁr e&%ﬁ ﬁt m\% ﬁﬂm’e/&s %i’IOWI‘I

peration will need to be erforrred For ex erIe in
in Fl%ﬁorryoms qmqulmm Wm%'%wt@m PPOBA3NrIRE erﬁaﬁmﬂssor
segnents, there is less than a 4% (1 out of 32)
910, charerrotyhednteoltke | 230, op enelé omermayy B80uaad. a hmassrstorage
enbodi nent, a read froma requested address may
o.include reading all nmenory cells in a row of an
array. This may be acconplished by applying a read

p e word |ine, and P zero_ vl

P §rafessir Bh iyt Sefendraay Phge HRHCI o s Bigsbssor

ceIIs may be witten to by witing to the full width
suchgfs @ ineiceanragessatii aticiegpnireller, arpligationripecticaimtegnsied y

cells in arow of an array. In one enbodi nent, the

circuti (2651C), 4 Peoganarabieygdie il (BGAS, or e lilaugh t he
scope of the present inventionis not limted in this

R eSSBS ity

Tur ni ng hown 1's a bl ock diagram

ut| n 900 i ord W th an.enbodi nent
d'SCL@ﬁ %e‘é’éﬁt’e {ERee 10 I8A§ ' PR, [ YArUS i n one

errbodl ment conputing system 900 may i nclude a
embguliowess,ocompuiing systaror§0Q oy bé laskapded) to émpleshent method

nmenory 930, and a nass storage 5 940. Processor 910
700 (M. 18 dhdIsNRie@hod BOROFRGO6) HRRLisBbd RiIOR@SE processor

In one embodiment, cache memory 930 may be a relatively large non-

volatile disk cache memory adapted to cache information for mass storage
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
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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such as a mcroprocessor, mcrocontroller, application

specific integrated circuit (ASIC), a progranmabl e
wQais/oseny (PGA), or the |like. In one enbodi nEE/US2004/037773

cache nmenmory 930 include nenory 40 as 10 di scussed

above with reference to FIG 3. In addition, in

membay icels, wheksidigaeRtdoll iBeRisi 41 GerbyeléemcOdsly Ry rmgterial

adap ted to | npl enent nethod 700 (FIG 4) and/or
0
o R0 A, 7 S e 0B VD

non- volatlle di sk cache nenory ada ted tQ cach
materigf Sdabe enfarelerits raleiizaple majeyal Inpygrieus, gRIkediments,
cache nmenory 930 may be a ferroelectrlc pol ymer

the femwelectrid poiyrmpéemantrialanbhyp donT@iseoa p@OQinyglakthericeerr y
930 may be partitioned into at |east two nenory

poly SRIIEH Buol®S Sa pbRARYA m.d@ya BSIy@thW@ﬁé c%l&'icﬁg%

device such as, for exanple, a nenory aV|ng a

s e T R R

menory, an optical disk nenory, or a nagnetic disk
mnmnyaltennate egtbadirest.oprehss memoryr2Q may heanatber Tye
not limted in this respect. In one enbodi nent, cache

of pla®i®hyerfidh, suoh heyforeearmplaga residpiasidnangt pailyin@amemory.
about 500 negabytes and may include ferroelectric 18

In thi¥2A88a rQé#tﬁAE P@é’c% 110 y;ﬂ%grln&uae?a fFﬁanbf] §ebb&mer

ereln eac roelectric polyner

St 5 BB ot A PR 1

ferroel ectric polari zabl e material. In various
resistarimedareny siodetrhay foer altered dromca b@lvylmdrﬁdt@m%tlto sayeral
conprise a polyvinyl fluoride, a 5 polyethyl ene

meg&lHMg:l?yﬁﬁppﬁlerobb{‘éllé&hc‘i:fﬂt@ﬁhé’leacras@ﬂhé/QbRMh@ﬂfnemory
material to apply a positive or negative current through the polymer material
to alter the resistance of the polymer material. Potentially different resistance
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
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, aithough the scope of the present invention is not limited in

this respect. The destructive read operation may include reading information
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pol yacrylonitrile, a polyam de, copolyners thereof, or

conmbi nations thereof. |In an alternate enbodi nent,
weawhesehory 930 may be another type of pl astPCI/Hs004/§37773

such as, for exanple, a resistive change pol yner

menory. In this enbodinent, the plastic nmenory may

fromi d'fitdtdRemoricellfdfl theGhe®@iry BRd thEOwhesBaYk BHcREtieh may
sandw ched at the nodes of an address matri x. The

. Si Si. / I

incluffE P8 o Bl RenfBERd or 3B Arg! RierhbRT: A 1§ second
el ectric potential _across the pol yner nenory terial

mempEgy &I the poemErY & Bie $RepAd mEemQTy el 'stm@e}ae[&%-:
polymer material to alter the resistance of the

erasqabby bnkneTlee ifmst meot@ytdall mpydid flecated ines fisstasapamant of
| evel s may store several bits per cell and data

the rﬂ@%‘r\} ¥nBBheR&oREN RBRRAY cellthBPhel¥catrCi A%ekaN8segment

ccordingly, as discussed above, nethods, apparatuses,

of trg Eegk AL RVva T S pRPOEALS SHRAERY The

enbodi ment, a nethod includes performng a read cycle
methpal inayfunihesinsludaeveiing the infesmatipn|reagdyomnidieidst o
destructive read operation and a wite back

mem@Pgicall ibaidk tohehenfirsdmyernayy bell & thensecanat meenory cell is not
ferroelectric polynmer nenory, although the scope of

blanl%ﬁgdgdé‘@% {é(ﬂa\fsmﬁn B dmio@t of ifid RSs lggsséé‘.i S respect.

I've read operation may I nclude reading
informatjon 19 005/ 0552 PCT/ US2004/ 113 7 7. 7
f ridif wethed may rtéerc'é‘FR'C@’fé‘?%ﬂﬁmﬁeWﬁ'i“?gaWd o[rﬂga%ngtfzom,

back operation may include witing the informtion

the firesadhdmonm ¢célbfdri a predasavminededmount af siseeifdaneten nyemory
cell of the menory if the second nenory cell is

oper&N?ﬂlw lkaRhe first Hwemo?f GSIEfblRIv DR WestihEtifé Fedd BRERItIoN. The
ce

may be located in a first segnent of

other memory operation may be an erase operation that includes applying a
voltage having a negative polarity and sufficient to switch the polarization of
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.

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
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5 the nmenory and the second nenory cell nay be | ocated

in a second segnent of the nmenory that is physically
wazpanieéd fromthe first segnent. The net hodPCm(YyS2004/037773

further include witing the information read fromthe

first nmenory cell back to the first nenory cell if

first 10tati®AAANEsPERTEY 10 Rl Feqush it thebsedsundlttadibhdas available.
predeterm ned anount of tinme has passed. 10 The net hod

The {iFS %é‘éticﬂ%}dm% g et %VrjaQQ)f}"foh'retferl’lgaetI%’pt i8Rt Aemory
amount of time if aother operation to the

and 1 SRCORGBFFTICRITaY BRIID g SUHIHELRY g Dd oroglpetnic polymer
operation. The other nmenory operation may be an erase

memopgr ahiecein tthatfirshetragéds phgpicyllngeparatetitfegye thavdargnd array.
negative polarity and sufficient to switch the

The mrﬁlé@tﬁbl sl @fer FeerhBey fﬂarySE)e REQEYYUGRId re%%lrdi§§ dalBRe

first rrem)ry ceII to erase the rrem)ry ceI to store a

I c.val ue 1t
memgppestiaT I spddler ofe higreba vanidkIShEFiinSirio bl
i ncl udes appl ying a positive voltage acr oss the first
respeddrory cell to programthe nmenory cell to store a
logic "0" wvalue. 20 In another enbodi ment, a nethod
i nalandelser @aebdimenta aneapreshtusoinstudes a imdraonphavingtat
a first location in a ferroelectric polyner nenory.

Ieast.-r{]vi{é méfﬁbgpgrrg?% a%gté;}:@ad E‘l?dl}if%r W‘ié%bﬂg cBHﬁoller coupled to

ornmatli secon ocatl1 on

the METGPAAS FSHOFBY EIREAG6YAB Bt 094352 %w%%@owaﬂﬂ%eramn

7 7 3 first location in response to the request if the
and g evritedbackcapérations veherelnatiieedestiietive read pperatioorinalies
be in a first array of the ferroelectric polyner

readiMQTRFOrmaARth foeh 86F80ehdra6At ESINofMEle Peerhbraf@ GoRétein the
array of the ferroelectric polyner

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
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menory, wherein the first array is physically

separated fromthe second array. 5 The ferroelectric
Wwpalogag42renory nmay be a destructive read di skPCEHUGHR804/037773

menory, although the scope of the present invention is

not limted in this respect. In another enbodi nent,

layerd/bfadatiradels i ncludes a menory having at |east two
nenDry arrays and a read circuit or nenory controller

Legggﬁgn Jégt[u of ThYe Jfbnfm‘e%éa@.nugﬁgtefayﬁoed%éatbed

I ve read operation an

, e ctlve read a
here'nnma@aéeodlﬂé‘*wgsvﬁ%‘tﬁvﬁ%ﬂ G A S dPalRBl Y nay poour
of the nenpry and wherein the wite back operation
to thoaecmltﬁéi:,watarh gtisadhersfasenia beHndrsérqd Biat thrapperded
menory cell to a second nenory cell of the nenory. The
claimsesad iciended tto cayeridll suchampdificationéngehapyes as fall within the
circuitry 44 (FIG 3) or nenory controller 920
true $ifRcsfithgdnddmivd. The nenory of the apparatus nmay be a
ferroelectric polynmer nenory, a ferroelectric oxide
menory, or any other ferroelectric nenory, although
the scope of the present invention is not limted in
this respect. In alternate 20 enbodi nents, the nenory
may al so be a non-ferroelectric nmenory. The nenory
may include at | east two nenory arrays, wherein each
menory array may include ferroelectric nenory cells
that may include a |ayer of a ferroelectric polyner
mat eri al having ferroelectric properties |ocated
bet ween 21 WO 2005/ 055242 PCT/ US2004 /037773 | ayers of
el ectrodes. Wiile certain features of the invention
have been illustrated and descri bed
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herein, many nodi fications, substitutions, changes,
and equivalents will now occur to those skilled in
WQ bwsasR42 It is, therefore, to be understood tIER/U$2004/037773
appended 5 clainms are intended to cover all such
nodi ficati ons and changes as fall wthin the true
Slainhs of the invention. 22 WO 2005/ 055242
PCT/ US2004/ 037773 Clainms 1 . A nethod, conprising:
pey f or e te..that includes a destructive
rgr;ld op%é?‘g?@gﬁ gﬁgﬁﬁ%lﬁ'ite back operation; and 5
vvher i n.the destructiyve read operation |ncI
DA PotaaRk U AR L eI S FEREHEHYS Eefd SRpration and a
rrem)ry and wherein the wite back operation includes
writanback ngetatwn;réfror mati on read fromthe first nmenory
cell to a second nenory cell of the nmenory. 10 2. The

5 MBYRORIPThE H@bﬁu&nvé\ﬁa@é&bbefaﬁaﬁi ing | d¥fsone@in Pmformation
i ncludes: applying a read voltage across the first

from E RS pfidr Mo b, A% EerBFPUR vile EREkpsragon

Io ic state of the information stored in the SI rst
mc'uﬁ@wvt"&@rthe inforepatipRdeaddtsn the FEFRMAMOrAeh & @ second

witing the information includes applying a wite
memwooy catjofabeassntdrg. second nenory cell. 4. The net hod

of claim1, further conprising: delaying witing to

the first menory cell for a predeterm ned anount of

time . 23 WD 2005/ 055242 PCT/US2004 /113 7 7 7 3

10 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.

15 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. The method of claim4, wherein the another nenory
operation includes applying a first voltage having a

WO 20080593463 arity across the first nmenory cell ,PAWE828041037773
the first voltage is sufficient to switch the
pol ari zation of the first nmenory cell. 5 6. The

meg hod THe Gleahsd bf AMIAT &) vHdreindgrt ansihey enérAdey operation
operation includes reading information froma first

lnclugggty;%) ﬁéla rr@fr% %o%?sﬂﬁﬁ#%q‘ire? k%gg?rty Jc%é@ﬁieeﬁf'srti hemory

erein witing thelnf mation includes witin
cell, TarB ISt SR ABeOm A EOIRTE 58 SHERRT S apioriggligh of the
second nmenmory cell if the second nenory cell is
first bdembry 8ell.The net hod of claim 7, wherein the wite
back operation further 15 includes witing the
information read fromthe first nmenory cell back to
the first nenory cell after a predeterm ned anount of

16t b RFHERH o D A P i g S e O foratn

) the menory and t he second nenory cell is Iocat ed in a
incluges geading istymatiorofromha firehbremenyagel] ef giips-valetije polymer
separated fromthe first segnent. 24 WO 2005/ 055242

ferroB(ebthiS2AM)d cadis8 mentory. 3 10. An article conprising a
st orage nedi um having stored thereon instructions,
that, when executed by a conputing platform result
in perform’ ng a read cycle that incI udes a

rat on .and. a

opbr at | TS GBI SHE dedyhetein wfingihedpiamatin includes

|ncludes readlng
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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5 information froma first nenory cell of a nmenory and
wherein the wite back operation includes witing the
WO pfososRel on read fromthe first nmenory cell tRCEHUS2004/037773

second nenory cell of the nmenory. 11. The article of

claim 10, wherein the instructions, when executed, 10

f urg.heran estitle domprilsihg)d si@ragié rigtliurmohaviag fstomdd thereon

menory cell for a predet erm ned anount of tine. 12.
mstra-gtf'r‘or?% Lingh e\A/Ptfe cG‘t&&’ A utlngeplgﬂ% r'h“?ééo/lf jrl: ead

rat'i on srea nglnor tion froma

nenory cel | non- o ati ner ferropel ec r|c .
perfiMyRy Gatasé %%t%ap krstré%riﬁs b Y%@et BPEFAURThAR] Ghwrite

includes witing the information read fromthe first
backngmeratione Whereinaheetestdictireoread aprhtion indledesceading

menory cell is blank. 25 WD 2005/ 055242 PCT/ US2004

inforfrigton’frénT a3irdBmeMoBL BOF of GBIy BB \F\/ﬁ@ﬁéth'tﬁ@ Write back
request to wite information to a first location in a

oper R b1 RE i b B R B .ot o o

to the request. 14. The rret hod of claim 13, further
Secoadrmemrwgeﬂétfethm MEMPMhet her the second location is
avai | abl e and wherein the witing includes witing the
information only to the second |ocation in the polyner
rrermry in response to 10 the request. 15. The nethod

£ ai el 3rtj S R dIn¥i bt | rémcthléotﬁ§gwet.bh99vmt% executed,

ormatlontothe second ocation and not writing t

on ta the f
further resmﬁ'51 cpelay%ng Wrrtmg 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.
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| ocation in response to the request if the second

| ocation is available. 15 16. The nethod of claim 13,
wapwsesn4z he first location is in a first ar rRgT/6$20041€37773

pol ymer menory and the second | ocation is in a second

array of the polyner nmenory, wherein the first array

I B3 phyAirGatiad, copasradieg: fromthe second array. 20 17.
The nmethod of claim 13, wherein the polyner nenory is

cti I [ nd -
AepUFA kYot 87 oG RALRRIEL 6 TR focatBh e potymer
menory and the second location is in a second 26 WD
memaoFgpsN@s5242 PCT/ US2004 /113 7 7 7 3 segnent of the
pol ymer menory, wherein the first segnment is
plvyisingathleyin@paatidretb Arsecontdosattamih ey pehtmerl@emry in
apparatus, conprising: 5 a nenory having at |east two

respolB&R6 ¥h&re§Ysst, and a menmory control ler coupled to 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
nbfor yThedngihederfrclaine T ifuethpaerMpsising determipingdesether
10 witing the information read fromthe first nmenory

the sé®Ind lfoeatioA g€ andiladiewng wheldin ahe tviagting imdlyded Quritifp the
apparatus of claim 18, wherein the first and second

inform&EHeH Y& ke Qé@or{cffd'c%fﬁloﬁ%rthﬁ gﬁg{é@%}' n&hb?y in response to

conprisi'ng a non-vol atile ferro ric

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
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15 polyner material. 20. The apparatus of claim 19,
wherein the non-volatile ferroelectric polyner
worgosnsak2 conpri ses a polyvinyl fluoride, a  PCT/US2004/037773
pol yet hyl ene fluoride, a polyvinyl chloride, a
pol yet hyl ene chloride, a polyacrylonitrile, a
segnﬁ)@%ﬂ@mr%epol%ﬂm&qa@mg,r WHehgihank . firet s@?m@nlﬂﬁ'é ?ﬂ?&cally
t hereof. 27 WD 2005/ 055242 PCT/ US2004 7113 7 3 21
S 0 | S§ by di sk nenory; a disk cache
sepaﬁ% r gﬂ%ﬂgﬁ%%&¥§f$%¥ngﬁgk menory; and a nenory
controller coupled to the nenory to performa read
cycle 5 that includes a destructive read operation and
a wite back operation, wherein the destructive read
opEB.at i An appalatdescoepdisingy:i nf ormati on froma first
menory cell of the nenoryfand wherein the wite back

OPEh{drh &y hé\ﬁhgdﬁqeaélwv&& PerhBR, bBOSs R4 on read from

the, tirst nendory cell to a second nenory cell of the

menory. 10 22. The system claim 2 rein th
o Raodapas oY Gounies o She bRty o mBRETRLA 102 sxcle
500 negabytes and the storage capacity of the disk .
that ingtedgs pglestrucsiystread @ngirgapyand alwritg bapkeorsrgtiem yherein
claim 21, wherein the disk cache nenory is a
the dedtrumlvat idadl gsdrutien imEoaey reatting Tifersisioanirofm & fasm

21, wherein the disk cache nenory is a non-volatile
memo?y ' SHe' HeffIY 2hd wherein the write back operation includes
writing the information read from the first memory cell to a second memory

cell of the memory.

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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20 25, The system of claim 21, wherein the first

menory cell is located in a first array of the nenory
wapwspse4second nenory cell is located in a sBCHHS$R004/037773

array of the menory that is physically separated from

the first array. 28 WO 2005/ 055242 PCT/US2004 /113 7 7

7 B1.26.A AysRiMocompeiBidigE Si Ng: receiving a request to
wite information to a first location in a

f I i.c. menory; and 5 witing the information to
ea;aeg’gnrggﬁwolr ‘tion in the ferroelectric menory in

response to the re 27. The nethod of c¢laim 26,
flﬂ@ﬁérca@gﬁﬂ’ﬂ?%ﬂoﬁb%@ [ﬂdrﬂ (RiPREOTYY ﬁ@gsecond
| ocation is avail abl e and V\,herel n the witing includes

wra triemgoyheontidller rfoaiphest tathememony tdpesecmrairead cycle
| ocation in the ferroelectric nmenory in response to

that IHud &I RS truéfive TBEd %%%@En@'aamg%acw&bﬂon wherein

witing includes witing the information to the

tho dEFRE e e abeaRon TRl beelthd ek RefRRR SR i "

second |l ocation is available, wherein the first
memposy: gell &rf the memery jangtwhereily the Wiite bagk epprsian igcludes
menory and the second |ocation is in a second array

writiad thbeénfenatiehaetdifeormether first anemohecell no tahseddndsinemory
array is physically separated fromthe second array.

cell c?foth%gmemory.

22. The system of claim 21, wherein the storage capacity of the disk
cache memory is at least 500 megabytes and the storage capacity of the disk

memory is at least one gigabyte.

23. The system of claim 21, wherein the disk cache memory is a

non-volatile polymer memory.

24. The system of claim 21, wherein the disk cache memory is a

non-volatile ferroelectric memory

25. The system of claim 21, wherein the first memory cell is located
in a first array of the memory and the second memory cell is located in a

second array of the memory that is physically separated from the first array.
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26. A method, comprising:

receiving a request to write information to a first location in a
ferroelectric memory; and

writing the information to a second location in the ferroelectric memory

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 ar;d 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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