25 SEPT 2006 | Methods for storing data in non-volatile nmenories The
present invention concerns nethods for storing data in a non-vol ati | %3 SEPT 2006
ferroelectric random access nenory (FRAM, particularly a nmenory wherein a
ferroelectric menory material is a ferroelectric polyner, wherein nenory 5

| ocations are provided as elenents of a natrix and accessed via el ectrodes
formng word and bit lines of the matrix, and wherein destructive read-out
operations to the nmenory |ocations are followed by rewite operations.
Ferroel ect ri Methuslsi fox storingdata im hoorveladilaimemiorpes t ant because they are
non-vol atile, can be nmade at relatively | ow cost, and can be witten to and
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but 25 these values tual ferroelectrics eto ctric
and non-| i n8®¥MeM@Es.oel ectric behaviour. Ferroelectric nmenories utilize a
ferroelectric capacitor as the storage nedium and an electric field nust be

pl aced acr osPiddieg feavapetdapastetial betweditie platey efd dapachoPohse is applied
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an opposite charge is placed on the capacitor plates, an opposite residual
polarization remains. A plot of the applied field voltage across the plates of

20 the capacitor against the polarization of the ferroelectric material between the
plates of the capacitor exhibits a classic hysteresis curve as shown in Figure
1. P, and -P; are the spontaneous polarization values whereas P, and -P, are
the remnant polarization values indicating the polarization in the ferroelectric
material at zero field value. In an ideal ferroelectric P, should equal P, but

25 these values differ in actual ferroelectrics due to linear dielectric and
non-linear ferroelectric behaviour.

Ferroelectric memories utilize a ferroelectric capacitor as the storage medium
and an electric field must be placed across the storage capacitor in order to
read it. A pulse is applied to the ferroelectric capacitor and the amount of

30 resultant charge is either low if the pulse polarity agreed with the previous
one, or the resultant charge is higher if the charge placed on the capacitor is
of the opposite polarity of the one last placed across the plates of the
capacitor. This minute difference between charge that agreed with the
previous memory charge and an opposite charge can be measured to

35 determine what the previous polarization on the ferroelectric capacitor was



35 determ ne what the previous polarization on the ferroelectric caggéi\:ﬁ)%%
was 25 SEPT 2006 2 when it was last witten. The reading electric fi

alters the state of the nenory cell in many cases. This neans that
ferroelectric nmenories are destructively read-out nenories which nust
include a rewite function in which the data read out is restored to the
menory cell after it has been read. 5 The rewite operation takes tine, and
if the nmenory function is truncated, for instance by a power |oss, during
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such t hat thﬁ1 %Qgtrol section conpletes a wite-back cycle before power
failure. The power source voltage-sensing unit generates a control signal

by sensing a.failure i,n _power. source .voltage, and prqvides, a
Y 9 %A Greuit ?nclud?ng % fetroclectric capacitor that chnbe used fo store the

value of nodes of volatile logic elements in a logic circuit is disclosed in U.S.
20 Pat. No. 5,815,431. In this manner, the state of a complex logic circuit, such

as a CPU or an I/O device, can be stored in the non-volatile ferroelectric

capacitors. After an accidental or planned power outage, the non-volatile

ferroelectric capacitors can be used to restore the values of the nodes.

Additionally, a planned power loss can be used for saving system power in
25 circuits that are power-consumption sensitive.

An apparatus and method for maintaining non-volatility in a ferroelectric
random access memory is disclosed in U.S. Pat. No. 5,892,705. The
apparatus for maintaining non-volatility includes a control section for a
write-back function, a power source voltage sensing unit for sensing a failure
30 in the power source voltage and providing a power failure signal to the
control section, such that the control section completes a write-back cycle
before power failure. The power source voltage-sensing unit generates a
control signal by sensing a failure in power source voltage, and provides a
power failure signal to the control section such that a write-back process is



power failure signal to the control section such that a wite-back BEQEESH s
Is 25 SEPT 2006 3 conpleted before power failure, thereby maintaining
non-vol atility of the nenory device. In U S Pat. No. 6,201,731, the
ferroelectric destructive read-out nenory systemincludes a power source, a
menory array including a menory cell, 5 add a logic circuit for applying a
signal to the nenory array. Wienever a low power condition is detected in
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20 "settle." Subsequent POR pulses will not result in another latching action.

European patent application EP 0 803 813 Al discloses a data-backup
apparatus for a semiconductor memory, particularly a non-volatile
semiconductor memory, for instance of the type EEPROM (electrical
erasable read only memory). The purpose of this apparatus is to prevent data

25 loss or incorrect data if a write operation unintentionally is interrupted, for
instance if the power is turned off during a write operation. The
semiconductor memory has a plurality of memory locations storing values of
variables. A write unit writes a value to a plurality of memory locations in
the memory one by one and a read unit reads the values from these memory

30 locations. A coincidence determining means is used to decide whether more
than half of the read values from the memory locations in the memory are
identical, and assigning means then determines a coincidence value if the
coincidence determining means has found that more than half of the values
are identical. Thus, a determined coincidence value can be assigned each

35 variable.



are identical. Thus, a determ ned coi nci dence val ue can be assi gned2 Qﬁ&- §§
vari able. 25 SEPT 2006 4 The object of the present inventionis to gro K
nmet hods that ensure a non-volatile storage of data in matrix-addressable
menories, particularly ferroelectric nmenories, and maintain the integrity
of the stored data by detecting bit errods in the readout data and
effecting a correction thereof. 5 This object as well as further features
and advantages are realized according to the present invention with a first
met hod whi chThe obfent adttbeipreseriyinvenicer ssio pratidpsnéthiod§ dhasemnirag a

pl ur a! Ity Ofnérﬁ%@ﬂtﬁ@'st&b&'&e&f (‘i’cjitasiﬁiIﬂﬁl‘?ﬂz—gdhfks@alﬂle%aﬂotﬁ’esorplafﬁmé}(]%
| ocations, said nmenory Tocations not having any conmon word l'ines; 10 (b)
readi ng a filestoeleetdic inggmaries, agdgnaintamythedatagrityraft themtdrdd datadwyhpri si ng
at least a j§d : s | c.Oni : i hiing the
Gata road —ryaEstng S cRorSRl o NabLF s AR Effeclingd Cofecton URIERE NS
transferrin he  .data read fromsaid first word line to a ry control
ogi e o cut ThiSebjeermicd o BUBRGraHIeRgnd A ABIIErs I8 EALFrORYCoiRg
subsequent wortiel pregentlinventiphieitha ﬁtstlne@thbdawﬁmsﬁmmact@ﬁmédqu sai d
| dentical copies aof Sgﬁif d fdat a, rewiting the data read from said subsequent
word |ine bat¥CritieSHRF ! Qubsequent word line, and transferring the data
read from safad ssertisgaysdnralityosfidentieal copies dfvaiddytacions pbiralivgiof meémory t ;
(d) repeati ng Sf'eﬁ ((]5% until said.data read.from said word I('iges conpri sing
20 copi es of PSAHENT-Ra MREPORY Kl ions L having 4ny KRMMBARCEG URESer red t o
said n@nory(bgashding 4 bigstcword dimetin itendetpcididdimnwdridtlime comprisyng at
conparing sa d da re 1584 d. - ine i SLng..copj,es,qf said
dont cal’ casrect SECERY BE ST ReBiRl Conis? 3T saf R TR U 958
circuit, or frgm saildddisogvend léme back amtoesaid dirstoved (EECnd, Asandfetrisaile dat a;
and (f) wity . | s | i y | ocations
that hol'd SFROFESh RIS il ¥ard B IR épREY Suldhlats FRERLY (o™ The
sane obj ect @3 roadingassibyeguent fread dimesinaits cativetyt sajielssuhseqnent woedl line
accordiing to . ' ' ' | Cche |
char actlgri ze@rﬁgr_lg@gggéFégxgpé%%\gg EPB? Ozﬁgﬁqlg%é@{%?gp %?t@f%%di é‘?ft I cal
copi es of saiewvritang the dataptaadafronysafl subsequent|weet lioadackdnto seidor y
locations hayjyids N&h¢ Wekd FATRRA MR td 1St ata read from said subsequent

word line to said memory control logic circuit;

(d) repeating step (c¢) until said data read from said word lines comprising

20 copies of said identical copies of said data, have been transferred to said

memory control logic circuit;

(e) detecting any bit errors by comparing said data read from said word lines

comprising copies of said identical copies of said data, bit-wise in said

memory control logic circuit, or by including an error correction code (ECC)

25 with said data; and
(f) writing corrected data to the memory cells in said memory locations that

hold bit errors, when bit errors have been detected in step (e).

The same object as well as further features and advantages are realized
according to the present invention with a second method which is

30 characterized by successive steps for
(a) storing a plurality of identical copies of said data in a plurality of memory
locations, said memory locations having neither common word lines nor
common bit lines;
(b) reading a segment of a first word line, said segment of a first word line

35 comprising at least a first copy of said identical copies of said data, rewriting
the data read from said segment of a first word line back into said segment of



common bit lines; (b) reading a segnent of a first word line, said 2§gﬁ?ﬁ£06
of a first word Iine 35 conprising at least a first copy of said identica
copies of said data, rewiting the data read fromsaid segnent of a first
word line back into said segnent of 25 SEPT 2006 5 a first word |ine,
transferring said data read fromsaid segfent of a first word line to a
first segnment of data | atches, and retaining said data read fromsaid
segnent of a first word line in said first segnent of data |atches; (c)
readi ng a seayifigstt wotd dingubwagierningnid daimesadsiom seigrisgmenit of & figsibwetdient
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said data, rewitingt g rea om sal d segne of a subsequent word
line back i ntegmentdlsefivshwosd linesinsaad funt seginent ohdatalateheser ri ng sai d
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to the i nvertdRPEMENRISEED () dtiaid idgntiqal coRies bialdidata baxe BseRi ng t he
read and rewrhfsfeped tatdadthSegmentedfidaaniayctiat a for identifying redundancy
menory cells he i.nventia al |, now be expl ai ned i reater detail with
i eoust ons &) WS e aTe raid Salfremiie PEs S egntants of s Bithes o 2
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a ferr %I ect 'ﬁ'ge?%acitor S knO\L/F in the art a&%{trr%gtiomed ﬁboved figure 2
2 bl ock i aghid GeBItm e P o i chmprEng il Mo Copleo RNl a8 Lo ¢ he
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(g) writing corrected data to the memory cells in said memory locations that

hold bit errors, when bit errors have been detected in step ().

20 In both methods according to the invention the data preferably are timing
data for controlling the read and rewrite operations, or redundancy data for
identifying redundancy memory cells.

The invention shall now be explained in greater detail with discussions of
25 exemplary embodiments and with reference to the accompanying drawing
figures, of which

figure 1 shows a hysteresis curve of a ferroelectric capacitor as known in the
art and mentioned above,

figure 2 a block diagram of a memory circuit wherein the methods according
30 to the invention may be implemented,

figure 3a a schematic block diagram of an array of ferroelectric memory cells
connected to sense amplifiers and which can be used with the methods
according to the invention,



connected to sense anplifiers and which can be used with the net hods2 T 2006
according to the invention, 25 SEPT 2006 6 figure 3b a schematic bl dERE

di agram of an array si mlar to the one in fig. 3a and conprising
ferroelectric menory cells with diodes between the electrodes in the
crossings thereof, figure 4 two diagrans &f a ferroelectric thin-film
capacitor as used in 5 ferroelectric nenory devices, figure 5 a flow chart
of a first method according to the invention, figure 6 a flow chart of a
second net hofigarcdb di sehetmmtichielockwhingiaom of amdarrdy gimdar tatlhd age amfs. 3a
menory array, met hod
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met hods expréssﬁrngcs hetlsemmssmgsdhcramf i dea. These nethods will now be
described in terns of preferred enbodinments. Figure 2 illustrates a sinple
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bot h net_hods acc?rdlng to the invention. The 15 menory macro 210 conprises a

menory mat ri ETEClEEtG MBDIY dRYIGHd col unn decoders 22, 202, sense

anplifiers 206, data latches 208 and redundant word and bit lines 204, 24.
The row and ﬁgmcnﬁ addowdehast 2P a 262 nitbhodactbrlingddrtbe desemtiomenor y
| ocations or nmenory cells which are located at the crossings of the menory

array el ectrgges 6la ﬂowté}ﬁ:lr’d\@f@ delcbRa naBBaACCBlEiNg2S t‘l%)mfv@ﬁﬁbﬂ,gaﬁd‘e rows
of the menory array and the bit |ines (abbreviated BL) form ng the colums

perf ormed by BN LawaBERR e ﬁ»eﬁ@ééari%’” e e ol o ERRF4 BRie@ibintofia; o

| at ches 208 thelstcohé miethadustcordimgptarthetineertabnor all is transferred to the
menory control |ogic 220. The data read fromthe nmenory 25 macro 210 shall

have a jgertarge gkéseﬁi ﬁ@&eﬂt%rﬁcé&?&hs‘i"@la‘%&ﬂ ARAhOEs Qggf&@ﬁ%dthebé’anﬁ@m aci ng

defective word lines in the nenory array redundant word
and bit |.nelslvzguvezdeaﬁhfeﬁ@d@ﬁthqﬁsp‘@rl% apm be d@ﬁcra'é@@m fgms abprefermsdy macro
210 nust havégnhdalanéntg! ds containing error correction code (ECC)

I nformation. 30 A nodule for the nenory control |ogic 220 provides a digital

romory ar o 129602 ORGP R e BoBRASER P detapiPlshific HinErdat v
word and bi tthe memory as used with both methods according to the invention. The
15 memory macro 210 comprises a memory matrix or array 200, row and column
decoders 22, 202, sense amplifiers 206, data latches 208 and redundant word
and bit lines 204, 24. The row and column decoders 22, 202 decode the
addresses of memory locations or memory cells which are located at the
crossings of the memory array electrodes, i.e. the word lines (abbreviated
20 WL) forming the rows of the memory array and the bit lines (abbreviated BL)
forming the columns of the memory macros. Readout of data stored in the
memory cells is performed by the sense amplifiers 206 connected to the bit
lines. The data latches 208 hold the data until a part thereof or all is
transferred to the memory control logic 220. The data read from the memory
25 macro 210 shall have a certain bit error rate (BER) which can be decreased
by replacing defective word and bit lines in the memory array 200 with
redundant word and bit lines 204, 24. In order to perform error detection the
memory macro 210 must have data fields containing error correction code
(ECC) information.

30 A module for the memory control logic 220 provides a digital interface for
the memory macro 210 and controls the read and write of the memory array
200. Memory initialisation and logic for replacing defective word and bit



25 SEPT 2006 7 lines with redundant word and bit |ines 204, 24 wl |25§§ 2006
found in the nmenory control |ogic 220 as well. The device controller %16
connects the nmenory control logic 220 to external bus standards. The ECC
unit 240 perfornms error correction on the full 5 nenory array 200. It can be
a sinple error detection or include error7 correction as well. The charge
punps 242 generate sone of the voltages needed to read and wite of the
menory cells. A separate clock input, given by the device controller 230
via an osci | lisgowithnmduadeahyvordiand g linse @0dy 2dhwill bedogaddorthe memotyr

charge punpifighkdl lgﬁqicegzgodsr‘ggﬁj n independent of the 10 bit rate of the
application using the nenory macro 210. Figure 3a shows a ferroelectric
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line 314 generate data out signals. The sense amplifiers also include data

20 regeneration circuits for rewriting data to the ferroelectric memory cells 302.

A row decoder 22 decodes a part of the incoming address signals into word

line selection signals and the memory control logic 220 generates a sequence

of timing signals required for operating the memory array 200.

Figure 3b shows a memory array 200 comprising word line 310 and bit line

25 314 electrodes. A ferroelectric insulating material is located between these
electrodes which therefore do not connect electrically or physically. The
ferroelectric material could, however, also be provided above the electrodes,
i.e. the word and bit lines, in contact therewith, but beyond that the word and
bit lines shall be mutually insulated by a non-ferroelectric dielectric. — At

30 each intersection 320 between the word lines 310 and bit lines 314, diodes
322 are generated. The ferroelectric material together with the word and bit
lines 310;314 forms ferroelectric capacitors or memory cells 315 with the
word and bit lines 310;314 as the plates of the capacitors.

Figure 4 illustrates a typical structure and a commonly used symbol for a
35 ferroelectric thin film capacitor 315. The symbol was also used in the



35 ferroelectric thin filmcapacitor 315. The synbol was al so used i?s{;\Pon%é
SEPT 2006 8 schematic block diagramin figure 3a as nenti oned abové:
ferroelectric capacitor of this kind has netallic conductive pl ates
separated by about 50 nmto 100 microneters of a ferroelectric materi al
constituting the dielectric of the capaci®tor. 5 In a non-vol atile passive
matrix menory system as described above some data, such as configuration
data, are ver nportant and need to be protected froma power |oss. Timng
data for com%@matmbMM@gmmewﬂglereo}ﬁemmem@n@d ahgatel Anferreelgattihcy dat a
for identify Tzt hese
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| asers, but {fjpe Aoks rather large area penalties. Therefore, inportant
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damage. The I nst ances ata are conpared-in step 508 bit by
ot or ed 1 oget FRFG AT HISdlRe [05B At & Foafligeran (e B 16FATL | ons of
17 e ot e gt e
needs to-be FROTGALEGHY e hPSWiLaliye T Nee S0, Prdipadhahdea ke Sprcial | nes
310 used f oratsaftﬁiryxssétoragm Qwerbblciuaitltoﬁshﬁrtbe anSlnBry haag20m [d-oinkedf i ci ent
use of the "these ¥0(%1rt1ro"%¥s are detje(r:]u\% e re hndan g\yord ind bit lines 204, 24 are
used instead. Whenever the data is about to be used, or on a regular basis, the
20 word lines 700 where these data are stored are read, followed by a rewrite,
also known as write-back, automatic in most cases, and transferred to the
memory control logic 220 in steps 502 and 504. The number of instances of
said data will be around four to ten and some form of counter will in step 506
make sure that all instances are read. Three copies is obviously too little
25 since a power failure in combination with a bit error could cause fatal
damage. The different instances of the data are compared in step 508 bit by
bit. Another option is to use an ECC unit 240 which requires ECC data to be
stored together with the data itself. Finally, in step 510 the portions of the
data that were found to be incorrect are corrected and written to the memory
30 cells 302;315 holding the erroneous data.

The amount of data that needs to be protected in this way may be quite
limited and the word lines 310 used for safety storage can be quite long. This
leads to an inefficient use of the memory array 200. In order to remedy this
problem the second method according to the invention could be used. It is

35 shown in the flow diagram in fig. 6 and will ensure that smaller portions of



probl em the second nethod according to the invention could be used. Z%EEHSZO%F
shown in the flow diagramin fig. 6 and will ensure that snaller portrons o
25 SEPT 2006 9 the data deened inportant are transferred and that these
portions are transferred to data |atches 208 in steps 602 and 604. This
results in nenory cells 302;315 being fr@ed up for other data since the
entire word lines 310 no |onger have to hold identical data. Steps 606, 608
and 610 correspond to the 5 steps 506, 508 and 510 in fig. 5 with the only
di fference t&atddtedsenlmﬂaimwtaﬂtamdlt%sfeﬂmémd that thesp BOTiomssire be i nsert ed
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vari ant of the, setond he i nvention i.§ rendered |n figure 7, which
shows word 1108is220@oamet eed 1q ﬁ@ge apmuycly dafasinge thareds nosdajadransger in

i nport gt dastté‘ps 607958 PRI BsuLihe 4Mea d0aNts &@h@e&%ﬂtdlhﬁleﬁlydﬁiea bl ocks 706,
20 and are transferred to storage el epent R@gﬁﬁl%%othe datd | atches 208 in

accor dance ViCHHITEREd® OB HHC ‘I‘IBHO‘EﬁSS’cq'geC"} BLREHOERING ERE §BOVe in
connecti on widiBctidurer&duddd sons skilled in the art will realize that the
met hods according to the invention can be used with active as well as
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data. 25 SERELZ{1%f thd second method of the invention is rendered in figure 7, which
shows word lines 700 and bit lines 702 for memory cells 704 storing
important data . These copies of important data constitute data blocks 706,
20 and are transferred to storage elements such as the data latches 208 in
accordance with the second method of the invention as described above in
connection with figure 6.

Persons skilled in the art will realize that the methods according to the
invention can be used with active as well as passive matrix-addressable

25 electric memory devices and handle bit errors which are generated in
addressing operation on both types. But as the readout operation is
destructive and hence requires a write-back or rewrite, it will in any case of
particular importance to prevent the loss of data content due to bit errors
which are generated in the rewrite operation which is required for restoring

30 the destructively readout data.



CLAIM5 1. A nethod for storing data in a non-volatile ferroelectr|9 %@Hﬁ%
access nmenory (FRAM, particularly a nmenory wherein a ferroel ectri & nnr@k
material is a ferroelectric polymer, wherein nmenory | ocations are provided
as 5 elenents of a matrix and accessed via electrodes formng word and bit
lines of the matrix and wherein destructl@e read-out operations to the
menory |ocations are followed by rewite operations, the nethod being
characterized by successive steps for (a) storing a plurality of identical
copies of said data in a plurality of menory 10 |ocations, said nenory

| ocati ons nopphgwig®g any common word lines; (b) reading a first word line in
Its entirety said first word line conprising at least a first copy of said

i d i cal d f d
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data, have b a@r Rafiay j%ﬁc&?sﬁf@' epdRJPry control logic circuit; (e)
detecting an 't error ar| said data read from said word i nes
conpri sing cel@;)isasrmg as;alndalpuymtéldemlccf copligntafsaid dain msa pluradity ofamemory
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correction co ting corrected data to the
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as 25 SEPT 2Q0fipridthg at least a subsequent copy of said identical copies of said data,
rewriting the data read from said subsequent word line back into said
subsequent word line, and transferring the data read from said subsequent
word line to said memory control logic circuit;

20 (d) repeating step (c) until said data read from said word lines comprising
copies of said identical copies of said data, have been transferred to said
memory control logic circuit;

(e) detecting any bit errors by comparing said data read from said word lines
comprising copies of said plurality of identical copies of said data, bit-wise

25 in said memory control logic circuit or by including an error correction code
(ECC) with said data; and
(f) writing corrected data to the memory cells in said memory locations that
hold bit errors, when bit errors have been detected in step (e).

2. The method according to claim 1, characterized by said data being
30 timing data for controlling the read and rewrite operations, or redundancy
data for identifying redundant memory cells.

3. A method for storing data in a non-volatile ferroelectric random access
memory (FRAM), particularly a memory wherein a ferroelectric memory
material is a ferroelectric polymer, wherein memory locations are provided as



el ements of a matrix and accessed via electrodes formng word and bjdeprhir36s
of the matrix, and wherein destructive read-out operations to the nmenory

| ocations are followed by rewite operations, the method being

characteri zed by successive steps for 5 (a) storing a plurality of identical
copies of said data in a plurality of nmenmgny |ocations, said nenory

| ocati ons having neither conmon word |lines nor comon bit lines; (b)

readi ng a segnent of a first word line, said segnent of a first word line
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sai d data; amsdgmgnt of iatfirsg veendrléne énl saish farst segmentrefrolaya tasches:i n sai d nenory

| ti th : [ s ' h ted i t
(1503, ' TR 1edilie A deeBidficl 4 WRghbh RO 1T S SERREEFBER °Gat 2 bei ng
tining data Subseprent ovordigne hempsisdngatileashaisubsopesnttdapysof sridridanticaincy
data for i depphiad §¥osdi8 A4 AR WTBAR e 851al rRad from said segment of a subsequent

word line back into said segment of a subsequent word line, transferring said

data read from said segment of a subsequent word line to a subsequent
segment of data latches, and retaining said data read from said segment of a

20 subsequent word line in said subsequent segment of data latches;

(d) repeating step (c) until said identical copies of said data have been
transferred to said segments of data latches;

(e) transferring said data retained in said segments of data latches to a
memory control logic circuit;

25 (1) detecting any bit errors by comparing said identical copies of said data
bit-wise in said memory control logic circuit, or by including an error
correction code (ECC) with said data; and
(g) writing corrected data to the memory cells in said memory locations that
hold bit errors, when bit errors have been detected in step (f).

30 4. The method according to claim 3, characterized by said data being
timing data for controlling the read and rewrite operations, or redundancy
data for identifying redundant memory cells.



