, @e3e_:H 7||},~B~|~6~TH * Field of the invention The present invention
reI ates to an FeRAM nenory chip, as well as to a method of operating such a
menory chip. 5 Background of Invention FeRAM nenory chi ps are now i n common
use. One beneficial characteristic of these chips is that they are .

non-vol atile, which neans that if the power supply to the Fe p
is renoved, the data stored in the device is not del et ed Thﬁgmum‘mm “mmwmn
characteristic is in contrast to certai nqother nenory i devi ces, §égc
DRAM devi ces) which forget their data as soon as the povver supply R

switched off. A typical application for a non-volatile nenory chi
RAM nmenory for a | ow power device. Such devices nmay have an unrm‘“mgwu@“ '“lﬂm

power supply or nmay 15 be designed st op drawi ng power whenev
such as whey the device is not ig—ﬁé&ﬂﬂﬂi—%@ﬁ—e . 0 €ge of providing acoooz

| ow- power device ;with a non-volatile menory chip as the RAM nenory is
that, after Pigppyfthedavénticiny code (e.g. operating system program code or
appllcatlon programs) stored in the non-volatile nmenory is not deleted.

This means that thin the 20 device is povvered up again, the systemwould

be in the sah@e qrasentaifiveetion selates joasr FeRAM TTHQWWQE@ d@%sWGibﬁSHQv% to
be rebooted g{r@é r on of non-volatile nenory chips
is as sinpl e’ﬁ'%{q St r%&gnéggpﬁgsmg%df overall structure of a known
FeRAM menory chip is shown schematically in Fig. 1. The device has a nunber
of pins imcl Bdckurophd of Whienttioare referred to in this docunent as data
transfer pins. The data transfer pins are for receiving 2 data to be

tored and add dat di cating wh th e data should b
Stored, and FSRAMFRRGm AL SR gomman Lo Tar pebefivg! ChardstBthenmry
chips the Pi thbse chﬁﬁ.eib\thé‘lﬁlh&z%ré?qbﬁ ~stil @ AhRATREarks tHa?Wthe'ﬁb%ve)r are

different pins fromthe Igl ns out put data ("output pins However, in
5 ot her menosyPRIvigptha heRAdhmemory crtwwatamwd rdpfudatastasedamt}hetdqwm at i

different tifgsst deleted. This characteristic is in contrast to certain other memory

10  devices, such as DRAM devnces which forget their data as soon as the power
supply is switched off.

A typical application for a non-volatile memory chip is a RAM memory for a
low power device. Such devices may have an unreliable power supply, or may

15  be designed to stop drawing power whenever possible, such as when the
device is not in use. The advantage of providing a low-power device with a
non-volatile memory chip as the RAM memory is that, after a power down,
any code (e.g. operating system program code or application programs)
stored in the non-volatile memory is not deleted. This means that then the

20  device is powered-up again, the system would be in the same state as before
the power off. The device does not have to be rebooted for example.

Another application of non-volatile memory chips is as simple data storage
devices.

25 |
The overall structure of a known FeRAM memory chip is shown schematically
in Fig. 1. The device has a number of pins including pins which are referred to
in this document as data transfer pins. The data transfer pins are for receiving



+ The menory chip shown in Fig.1l includes two input pins marked as "data" and

"address". The pins "data" and "address" respectively receive data to be 10
stored in the device and an address at which that data is to be store. The
menory chip further includes control pins (not shown), such as a chid
enable (CE) pin, or an output enable (OE) pin, for receiving commands. The
menory chip has an address decoder which includes a word |ine address 15
decoder (not shown) which uses the address to obtain a word |ine address
(corresponding to a row of the nenory array), and a colum decoder 1 which
uses the address to obtain the columm address. The nenory chip further

i ncl udes for each columm a correspondi ng ;sense 20 anplifier 3. Only one of

T e s P e
cor r espondi nghaifd BETstorEde apdfeco@btting ditadtdredan the assmbdsy calied Irflsdmeout of
the selected cell of the selected columm, or to wite data to into the

sel ected celMesiory gBipsdhedqirg fardpeaimMinaths stata andasddsessascinpu pins” are

received thr q J : &\i the control

signals (e. gc_ﬂﬂ’%%rﬁ@fﬁgﬁfhg%ﬁ%tha%})uﬁ{iaﬁgo@@ﬁgF)%ﬁg )alrl_g)vgéa}}c%ﬁ’ Iﬁade up of

two chai 15 cebdtheanemysryxchigathd seme pivsenmyEdt flaisdnputBorasisostpat pihsstt ween

t hose two adj.acent chain cell 30 arrays 5. For exanple, word |ines

addr esses 0,dMeMtiMet be in the left hand 3 chain cell array 5, and

word |ine addresses 256-511 might be in the right hand chain cell array 5.

However) many ot her possible arrangenents are known. Summary of the

| nventi on 5 The nprasenthip shewndn Figdireclages eeo aiped pirnsmmarled s tidgdita” and
useful, there are

non-vol atil e, FERAM,, nory devices are certainly,

ci r cunmst ance@49esHi gﬁeipﬁq sf%%tpa%% BPe VFHB‘E&{ E%’Pﬁ’es@%tlaéﬂ side the
menory sfipul stoR& rethdl diibe BRA aR*RITESS al Whlcﬂ"’lgagdéta% 15 B® dtated The ! !

woul d be hel pful 1 f all system conponents coul e reset into a defined

state, rathememgary chiprfurtheréncluadesigontool ping (reitisheia) esunir as a dhiipeengbleem
failure. Fur I nor i f l,0w evi ce experiences an application
failure such&g@ @Rﬁ%@rﬂpu%utmﬁ%ﬁe\'\g@ggg\p f%[t{pg VNG ¢RMEAAS; "t he menory

(which may have led to the crash) is renoved, and if the application
programitself is erased fromthe nenory. Furthernore,] in cases in which
t he menory chh® memasechiphasanaddresssiegodar whlchbaeludes erwel ling adéresss

menory b I i is.used i,n_an envitonnment with only
Tt od e e PRt SheEahie (SREAE aghreiie otdalitn Vo IRG AEer®

i nvention pr (@eeespondingetder Alw bﬁth@mtehairY arfegRAMdTE BBl deBogdoyhhitncl ude
a reset unit for recognising an externally applied reset signal. The reset

unit is arraHRst rege & rbtain the eolumnsaddiess. 20 signal to initiate an
operation in which at | east a portion) and preferably all, of the FeRAM
menory i s erased.

The memory chip further includes for each column a corresponding sense

20 amplifier 3. Only one of these is shown in Fig. 1 for simplicity. The column
address selects a sense amplifier 3, and the word line address (row) selects
one cell of the corresponding column. The sense amplifier 3 is arranged to
read data out of the selected cell of the selected column, or to write data to
into the selected cell of the selected column, based on the a clock signal

25  received through a clock pin (not shown) of the memory chip and the control
signals (e.g. CE, OE).

As shown in Fig. 1, the columns are each made up of two chain cell arrays 5,
and the sense amplifiers 3 are shared between those two adjacent chain cell
30  arrays 5. For example, word lines addresses 0,...255 might be in the left hand



* The reset unit may be arranged to performthis reset operation as a
sequence of reset steps in which respective sections of the nenory. are
rest. In this way, the peak power required to performthe reset operation
may be kept to 25 an acceptably |ow | evel. A balance can be achi eved

bet ween the sped of the reset and the power requirenent. 4 There are
various forns which the reset signal may take in different enbodi nents of
the invention. One option is for the nenBry chip to have a dedicated pin
input for receiving a reset signal, so that the reset unit can initiate the
reset operation upon 5 neasuring that a voltage on this pin reaches a
certain |level. Another option, which does not require a dedicated pin and
therefore whinghh &) SF}S?B?%pHQNdrPHing'E‘dHres e%i@é-5t11i'er'nir"qﬁ?ﬁé it e rigt ffng .
sensitive to a reset signal applied as voltages on orfie or nore Pins ich
are ot herwi shairseell aay iSnploweaveg, mMahy othertgossitderarnangemaznts Are-omowen.anpl e,
the reset signal nay be that the voltage on one of the input pins is set to
a voltage which is not encountered in the usual operation of the chip (e.qg.
a voltage which is higher than the voltages which are encountered on that

i nput pi N WeiimAnd of thd Invepflbht ed to the nmenory chip for storage).
Alternatively, tThe reset signal nay be a pattern of voltages over a period
of 15 tine which is not encountered in the usual operation of the nenory
ship, subh akdheapresenitinvenior deyecanpreointacthatg@ithough morevaatiepFaRAMT e

generally, t r I . " t " comend. “.Soft. entry”
is a sequencr*(igr(?fc’?igirhiy%tIe g%ﬁ%?%é”@ﬁ%@%bﬁ@%@ %{%t'{?ﬁmi% es('@_."&}?‘c 't§§|n|° s of
"1" and " 0" sleirabRd et @tk datostbrdtbinskRizitheatlefrory BRoWEBY tetdiheds data 20
pins. As in sone known nenory chips, the chip according to the present

i nvention have a(lﬁso{oh@ent ry decoder unit for recognising a limted set

of commands '(¥. §X@MR WY Bag¥steBndailurapift WQH@ g hﬁ@flé}efa%'! BYS$IEE pl us
30mV) as a rc‘b‘i@ﬁoﬁérﬂ@%uldgﬁ Bgéaelgﬁgtgaa;e eoogtatjé“?afh'é\c‘gﬁd QiPn;ﬂ%?é(thﬂﬁﬁgi’o

met hod of using a nenory I ned abdve, nprir si supplying a
reset sil@naltheio sthte roefoney thehisystenh efaiblng. thetherartre Lifi & fow fpoadet sdevice
operation in _whi.ch at Ieasﬁ on nd prefehably all, of the FeRAM

., a.portion, '
menory is erPEgences anapp |cat|c§)n %alfure such as’a crash, it would be desirable if the
: data in the memory (which may have led to the crash) is removed, and if the
application program itself is erased from the memory. Furthermore, in cases

in which the memory chip is used for storage only, a deliberate erasal of the

15 memory may be desirable when the device is used in an environment with

only limited operating system capabilities.

For this reason, the present invention proposes in general terms that a
FeRAM memory chip should include a reset unit for recognising an externally
applied reset signal. The reset unit is arranged upon recognition of this reset

20  signal to initiate an operation in which at least a portion, and preferably all, of
the FeRAM memory is erased.

The reset unit may be arranged to perform this reset operation as a sequence
of reset steps in which respective sections of the memory are reset. In this
way, the peak power required to perform the reset operation may be kept to

25  an acceptably low level. A balance can be achieved between the speed of the
reset and the power requirement.



+ A further expression of the invention is a device, such as a | ow power

devi ce, conprising a nmenory chip as defined above, and a processor
.operative to store data in the nmenory chip and retrieve the stored data
fromthe nmenory chip, the processor further being operative to generate a
reset signal and 5 transmt it to the nmenory chip. Brief Description of The
Figures Preferred features of the invention will now be described, for the
sake of illustration only, with referencg to the followng figures in
which: Fig. 1 shows an access schene of a known FeRAM device; and 10 Fig. 2
shows an access schene of a FeRAM device according to the invention.
Detail ed Description of the enbodi nents 15 Turning to Fig. 2, an enbodi nent

of the inve sh S ti I : i e t hose
of the kno nf,l#?&%o?g Ytzﬁ)&gshgg |nwélﬁ>|8. ¥t1e E'lreggfﬁét%éﬁ%f@ké E‘g%}ﬁ?% er ence
nuneral s, arnsmbbdistergs offeid mveatient he sanme construction as in known nenory
chi ps. The di fferences between the known FeRAM menory chip; and the 20

nmbodi t t hat th .an t l.
For r ecer vi raMaRRIABUS Yor Geamomas aivo 0. faVS RACT RIS RSB o IR Gnal | y
has a reset é”?'leEet7S|gW% s 'tﬁatafrfeat’&%t it E:Sﬁeih)ti%té HRe "re88€ bpefdtinalipgnd

al so the "data’ signals. It should be understood that the menory
chi p of B g.m2ashrmgthatia voltdge orethis pincieiaphe$ ariegtain lavehunber of features
which are 25 not shown in either diagram such as pins for receiving

commands (e. ead/wite), C ock ins,. and, ope .or, nore tput pi r

out put ti ng s’gB?tbﬁrBQ%n élﬁht W#d’eﬂg'r%érﬂ%ﬁ‘&%tﬁd Rn (?quﬁepql\*BteDWBWQt'g
certain enboghdaper ot IHﬁJIQMbﬁﬂﬁsH’oF'Qhe TBYetb@nit i6 beaBEngtvd 6 d Padét

whi ch receive th dat a. is, these pins) have a different unctl on

accordi ng t oapwliedhes val&qgeaemr pn@hpp merec Giffavdieh tayer etheryisevtised toat a.

The reset un operation to output the signals
"data" and ' fﬂhgﬁmg\/ﬁt&éhg@ﬁgﬂe I'ﬂﬁ)(sl(e)'g'g{rﬁlunchanged respectively to the shard
sense 5 anplifier 3 and the columm decoder 1. In this case, the operation

of the sttar eBosexampleythe fészt siyreahdndyhiee d:ltwtitheweltlageronna;néof thedispubpinse
known enbodi pent. However) |f the reset SI? is sent. to the rﬁﬁ_'et unit 7,
t he reset unistseﬁ to @eb?'?l@rwhpﬁl i§ nok encauptered in H”tee'és‘éﬁl Qpesalien ehthencRi ch

the out p“ts E’I}ijﬁtapﬁe\kﬁﬁhqe'mgﬁeﬂ%ﬁﬁ? e Qrolt Stor nc?\héfeeﬁﬂééu”rﬁére?dTBh' fier

3 are such a 90 set val ues ed rn the nenory cells
to be set tothahput mmwheprc@iatsatranmdtedaﬂoube rbemgry ehip feestdragéhe sane
value, i.e. all "0" or all "1 "). This operati onis a sequence of steps,
each perfor ectlve .Ccl ck cyc e. r e at each cycle a
Fespect v sBleBtiahic e reel siondchaintit Beodimer Voltasiesapya s Partit de
pr edet er 1§ negimeakhien |§ﬁ6t BRcovrtbferinitRe URBarEpérditioA of fhé RurabryidMep,i suepnt i on
has been described in relation to a single enbodi nent only, many vari ations

are possi bl eagiatemstandase spauence akvoliagestaroieaogh-pin.be clear to a
skilled reader. For exanple as nentioned above the reset signal does not

require a de t e 7‘ Y nd
recogni se thfeudr}gs SI' g a# ?%%ﬁaélg ﬂ%} % tagﬁ v'g[ Eé’?”gagﬁ e§ e‘?‘i | at
20 once, or emiy" & pesequerwe bf mteh standarel olbcmm@naié drite cpmmandy ¢elgh avhi ch

t he FeRAM recei,ves tﬂ pyts " ta and/or "Addr" and/or the clock signal
(this input series pf (ﬁ{# sppgsbe eqeg,dag pins) applied to the memory chip’s data

20 pins. As in some known memory chips, the chip according to the present
invention may have a soft entry decoder unit for recognising a limited set of
commands (e.g. that the voltage power input Vpc is the default Vpc plus
30mV) as a reset signal.

A further aspect of the invention provides a method of using a memory chip as

25 defined above, comprising supplying a reset signal to the memory chip,
whereby the reset unit initiates an operation in which at least a portion, and
preferably all, of the FeRAM memory is erased.



7 Cains 1. A FeRAM nenory chip conprising: an array of non-volatile
ferrocapacitor nmenory cells for storing; data, a plurality of pins, the
pins including data transfer pins for ;receiving 5 data to be stored and
address data indicating where in the array of nenory cells the data should
be stored) and for outputting data stored in the nenory cells, and a reset
unit for recognising a reset signal applied to the nenory chip through one
or nore of the pins, the reset unit being arranged upon 10 recognition of
the reset signal to initiate a reset operation in which pat feast a portion
of the data stored in the nenory cells is set to one; or nore predeterm ned
values. 2. A nenory chip according to claiml1l in which during the reset

VAl ue or 15 Odh0ner SkSteREieR or 8T RS oot SRad & MBI Drne

further incl gev@pesingos memory ehip asalefined abeleycdnd anprogess@naperatibe toeset
operation incl udi ng%i_ n different clock periods, resetting the data in

di fferent resioErdelainths Blamen eie andmsineveetnesstored Aatafreattng MemYval ue
or val ues. 29@@; éﬁ%ﬁﬂ?é%’so?hfupth@fgb%ﬁ ; C’&ge"é)civ%l e ?gﬁefé’te%'r@?ett tQﬁan IAd

further inclu Icated pin ving a set signa e reset
unit bei g atransmédt todhemémanechibe reset operation upon neasuring that a

voltage on this spinis at a certain |evel. 8 5. A nmenory chip according
toclaimlip., bch i.ns i rI1u e the reset unit is arranged to recogni se
t he reset si o n one or nore of the data transfer pins

and/ or one or nore command pins and/or a clock pin. 6. A nenory chip

accor di ng t opgéfairatFehtlirtdh of the MOehBSEWIMOW beSdestribal URA the s8ké 8F0gNi se
the reset signal as a voltage which does not occur during the transmttal
to the rrermr3|u§tiaﬁwrmbnﬂlamhfrefer§t\@$ tyythe followingefigirgs dmwhiciccording to claim
5 in which the re u t | rr r I Se et _sigpal as a
pattern of vol tagggé-&hﬁ‘ﬁ”%%@%"ﬁ%?sgg%&%ﬁe(?ﬁ%ﬂﬁg’ﬁmggﬁi\ﬁ’ﬁéﬁvwaﬁ o the
menmory chop of daFgy.f20shei9®bARCESs SchémB®Sf ROBeRANMPHEVISE aBBo@ind &RIRNE menory
chip conprising: an array of non-volatile ferrocapacitor nenory cells for
storing datalNVENEPOral ity of pins, the pins including data transfer pins
ford receiving data to be stored and address data indicating where in the
array of menory cells the data should be stored, and for outputting data
stored in th®etaitear Dedériptivin of thaminbodiments

15 Turning to Fig. 2, an embodiment of the invention is shown schematically.
Elements which correspond to those of the known memory chip shown in Fig.
1 are labelled by the same reference numerals, and these elements have the
same construction as in known memory chips.

The differences between the known FeRAM memory chip and the
20 embodiment shown in Fig. 2 are that the embodiment has an additional pin,
for receiving an input signal "reset", and that the embodiment additionally has
a reset unit 7, which is arranged to receive the "reset" signal and also the
"data" and "Addr" signals. It should be understood that the memory chip of
Fig. 2 shares with the memory chip of Fig. 1 a number of features which are
25 not shown in either diagram, such as pins for receiving commands (e.g.
read/write), clock pins, and one or more output pins for outputting stored data
when the chip is commanded to do so. Note that in certain embodiments the
output pin(s) may be the same as the input pin(s) which receive the data. That



" a reset unit for recognising a reset signal applied to the menory chip

t hrough one or nore of the pins, the reset unit being arranged upon
recognition of the reset signal to initiate a reset operation in which at

| east a portion of the data stored in the nenory cells is set to one or
nore 20 predeterm ned val ues, the nethod conprising supplying a reset

signal to the nenory chip, whereby the reset unit initiates an operation in
which at |least a potion of the FERAM nenery is erased. 9. An electronic
devi ce conpri si ng: 9 a FeRAM nenory chip conprising an array of

non-vol atile ferrocapacitor nmenory cells for storing data, a plurality of
pins, ;the pins including data transfer pins for receiving data to be
stored and d L adi catyd o t he
dat a shoul d e Eeg, SRS AR SrYeSrt SiBlord dekrcifid 3 \hetTBIIN ol
cell's, and ghipketortmandedrioreadonwsitedata.r eset signal applied to the
menory chip through one or nore of the pins) the reset unit being arranged
upon recognition of the_reset signal to initiate reset ,operation,in,which
at least a pdi Iesetemit fds @ranost Jpprmal m@r%@%ﬁogéu}tghéjgl S {@8he or
more predet &fy AEdyMalHRR: it 38 i&@s,au@érﬂﬁ@g?wre%ﬁ%lyvm tHe Shafe Qéﬁ\ﬁ% in

the nmenory chip and retrieve the stored a fromthe nenmory chip)
- processoss f uarhpkfierieamd thepeolanindecadegdnbr tiie case, dbetopsiratini otthe shased i t
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c a] cal calc pwalér, #lthalreseidndlas sBRl AL TESAMCT, the reset unit 7 registers
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sl b g0 e k4R OB AR RN RO L
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owk1 5o 100 19 S Ry S R By & resbite o Bysie: For ERaigid) -
at each cycle a respective set of banks (word lines) may be opened in

parallel, and the predetermined values can be written to the cells.

15  Although the invention has been described in relation to a single embodiment
only, many variations are possible within the scope of the invention as will be
clear to a skilled reader. For example, as mentioned above, the reset signal
does not require a dedicated pin. Instead the reset cell 7 may be arranged to
recognise the reset signal from a pattern of voltage values (applied all at

20 once, or over a period of time) on one or more of the pins through which the
FeRAM receives the inputs "data" and/or "Addr" and/or the clock signal (this
input is not shown in Figs. 1 or 2).
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1. A FeERAM memory chip comprising:

an array of non-volatile ferrocapacitor memory cells for storing data,

a plurality of pins, the pins including data transfer pins for receiving

5 data to be stored and address data indicating where in the array of memory

cells the data should be stored, and for outputting data stored in the memory
cells, and

a reset unit for recognising a reset signal applied to the memory chip

through one or more of the pins, the reset unit being arranged upon

10  recognition of the reset signal to initiate a reset operation in which at least a

portion of the data stored in the memory cells is set to one or more
predetermined values.

2. A memory chip according to claim 1 in which during the reset operation
the data stored all the memory cells is set to the predetermined value or
15  values.

3. A memory chip according to claim 1 in which the pins further include a
clock pin for receiving a clock timing signal, the reset operation including in
different clock periods, resetting the data in different respective subsets of the
memory cells to the predetermined value or values.

20 4. A memory chip according to claim 1 in which the pins further include a
dedicated pin for receiving a reset signal, the reset unit being arranged to

initiate the reset operation upon measuring that a voltage on this pin is at a
certain level.
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5. A memory chip according to claim 1 in which pins include the reset unit
is arranged to recognise the reset signal from the voltages on one or more of

the data transfer pins and/or one or more command pins and/or a clock pin.

6. A memory chip according to claim 5 in which the reset unit is arranged
5 to recognise the reset signal as a voltage which does not occur during the
transmittal to the memory chip of data for storage.

7. A memory chip according to claim 5 in which the reset unit is arranged
to recognise the reset signal as a pattern of voltages which does not occur
during the transmittal to the memory chip of data for storage.

10 8. A method of operating an FeRAM memory chip comprising:
an array of non-volatile ferrocapacitor memory cells for storing data,

a plurality of pins, the pins including data transfer pins for receiving
data to be stored and address data indicating where in the array of memory

cells the data should be stored, and for outputting data stored in the memory
15 cells, and

a reset unit for recognising a reset signal applied to the memory chip
through one or more of the pins, the reset unit being arranged upon
recognition of the reset signal to initiate a reset operation in which at least a

portion of the data stored in the memory cells is set to one or more
20 predetermined values,

the method comprising supplying a reset signal to the memory chip,
whereby the reset unit initiates an operation in which at least a portion of the
FeRAM memory is erased.

. 9. An electronic device comprising:
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ferrocapacitor memory cells for storing data, a plurality of pins, the pins
including data transfer pins for receiving data to be stored and address data
indicating where in the array of memory cells the data should be stored, and

5 for outputting data stored in the memory cells, and a reset unit for recognising
a reset signal applied to the memory chip through one or more of the pins, the
reset unit being arranged upon recognition of the reset signal to initiate a reset
operation in which at least a portion of the data stored in the memory cells is

set to one or more predetermined values, and

10 a processor operative to store data in the memory chip and retrieve the
stored data from the memory chip, the processor further being operative to
generate a reset signal and transmit it to the memory chip.



