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*166166* The present invention relates to an FeRAM nenory chip, as well as
to a nethod of operating such a nmenory chip. 5 Background o% | nventi on
FeRAM nmenory chips are now in common use. One beneficial cha Acd&Y i286i ¢ of
these chips is that they are non-volatile, which neans that if the power
supply to the FeRAM nenory chip is renoved, the data stored in the device
is not deleted. This characteristic is if contrast to certal mmmmﬁm.mmﬁmwry
10 devi ces, such as DRAM devi ces, which forget their data as

power supply is switched off. A typical application for a non-vodesti| e
menory chip is a RAM nenory for a |ow power device. Such devices-way have
an unreliable power supply, or nEgRAM henttagidgnee to stop draw ng power
whenever possible, such as when the device is not in use. wmuﬂﬂm’ﬂ'ﬂ ’m of
providing a Iow—povver device with a non-volatile nmenory ch

menory is tk@ﬁ'.‘l%tf_ﬂédrl\éeﬂﬁ&ﬂer down, any code (e.g. operating system
program code or application programs)

The present invention relates to an FeRAM memory chip, as well as to a

method of operating such a memory chip.

5 Background of Invention

FeRAM memory chips are now in common use. One beneficial characteristic
of these chips is that they are non-volatile, which means that if the power
supply to the FeRAM memory chip is removed, the data stored in the device
is not deleted. This characteristic is in contrast to certain other memory

10 devices, such as DRAM devices, 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



. stored in the non-volatile nenory is not deleted. This nmeans that then the
20 device is powered-up again, the systemwould be in the sane state as
before the power off. The device does not have to be rebooted for_exanpl e,
Anot her application of non-volatile nmenory chips is as sinple data2§tdmh@@6
devices. 25 The overall structure of a known FeRAM nenory chip is shown
schematically in Fig. 1. The device has a nunber of pins including pins
which are referred to in this document &s data transfer pins. The data
transfer pins are for receiving 2 2 JUN 2006 2 data to be stored and
address data indicating where in the nenory the data should be stored, and
for outputting data stored in the nenory cells. In sone nenory chips the

pins for receityitdBetdGredipdnd andrard 8 FRficAting \WHErePiNAe Im@nery thef dapent
pins fromthe pins which output data ("output pins"). However, in 5 other

menory chi psshawd bastonsidnenddgr aktputing daiatsteeddn the mmmoryicelisatn samef er ent
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data to be l@iffsiemt @thd flotnh@edsing amichoutpat agdr ©sstpat piwet)cloWeskerdata is to
be stored. The nenory chip further includes control pins (not shown), such

as a chi P enetbeemenamy gslips ther sane pinpnayasaBs NPT g5 eUtpEbpins&iei vi ng
comands. Thgﬁ %Rcﬂ e%hi p has an address decoder which includes a word |ine
address 15 deco erxln()t shown) which uses the address to obtain a word
| i ne address (corresponding to a row of the nenory array), and a colum

decoder 1 which wuses the address to obtain the colum address, The nenory
chip further  MAIGARY P SBAWR iR Aigininaudes e Bivd Py afed 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 stored. The
memory chip further includes control pins (not shown), such as a chip enable

(CE) pin, or an output enable (OE) pin, for receiving commands.

The memory chip has an address decoder which includes a word line address

15 decoder (not shown) which uses the address to obtain a word line address
(corresponding to a row of the memory array), and a column decoder 1 which
uses the address to obtain the column address.

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



- 20" anplifier 3. Only one of these is shown in Fig. 1 for sinplicity. The
col umm address selects a sense anplifier 3, and the word |ine address (row)
selects one cell of the correspondi ng colum. The sense arrplzizfi\@& %ﬁ%{ns
arranged to read data out of the selected cell of the selected I , or
to wite data to into the selected cell of the selected colum, based on
the a clock signal 25 received through a_clock pin (not shown) of the
menory chip and the control signals (e.a. CE, CBE). As shown in Fig. 1, the
colums are each made up of two chain cell arrays 5, and the sense
anplifiers 3 are shared between those two adjacent chain cell 30 arrays 5.
For exanple, word |ines addresses 0,...255 mght be in the left hand 2 2
JUN 2006 3 chaimceleatranby apd syordnidevasidiessase? 2081 @ ssight D& Bielrightdrandoe i n
the right hand. chain cell, array 5. Hoyever ny ot her ssible
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have appreciated that, although non-volatile FeERAM nenory devices are
certainly useful, there are circunstances in which it is not desirable
that the data stored inside the menory should be retained. For exanple,
fol |l owi ng a Sysmary phthekwentienwoul d be hel pful if all system conponents
could be reset into a defined state, rather than sinply returning to 10

Lheir state HAl e PURLAIEGE MiSecElId BELUGoubl dhol IR BLRARY ! o°

experiences an icatlon ure as a cras sirabl e

if the datanemorhdeniesdye Cettainly nssfuhaverel £ré divubiitasdadsin)whish itdgpwved,
and if the applicati o?hegrogram itself is erased fromthe nmenory.

Fur t her nor e,d6Siapigsiat the,dajs Haradiissidentheynemiopy sBoydde Weé@"@fjo?/age only, a

deli berate erasal of the 15 nenory nmay be desirable when the device is used

in an envirgrireBkampld) folBlvhg a5y QEnPREINAE! RIWeYRE 2 ReRAR! & Il &Fstem
components could be reset into a defined state, rather than simply returning to
10 their state before the system failure. Furthermore, if a low power device
experiences an application failure 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.



For this reason, the present invention proposes in general terns that a
FeRAM nenory chip should include a reset unit for recognising an externally
applied reset signal. The reset unit is arranged upon recognizi Qonodoog hi s
reset 20 signal to initiate an operation in which at |east a portion, and
preferably all, of the FeERAM nenory is erased. The reset unit may be
arranged to performthis reset operation as a sequence of reset steps in
whi ch respective sections of the nenory 4re reset. In this way, the peak
power required to performthe reset operation may be kept to 25 an
acceptably I ow |l evel. A balance can be achi eved between the speed of the
reset and the power requirenent. 2 2 JUN 2006 4 There are various forns

whi ch the reBedresiagmalaricays tfadnes | whidhf fites eneset esioali ment daké  inheliffatesht i on.
One option is for the rﬁ)r, chi.p to have a dedicated pin input for

recei ving aema%im%taggi e %Memﬁ - the reset unit can initiate the reset
operation upon 5 neasuring that a voltage on this pin reaches a certain

l'evel . Anot hgpe i'Pﬂns f(‘i\hfh%hmt@ﬁﬁ)ifig r&pt rfcfﬁwé § dbdieis Mk shpit orvedeiRy ef or e

which is cheaper to 1 nplenen e reset unit to be sensitive to a
reset signala repgl sigtahsso dhdtathes raset amet can noitietepitms resétc bperadioot pomwi se

used for inputtin ata to the nory chip. 10 For examml e, the reset
T onal sy By It By dlaigs ot Binge AchEs AtsiaLENE | o st o g
vol tage which is not encountered in the usual operation of the chip (e.g.

a vol tage whaghthiep obtigReNhichabeshtottehling asdaiéatBd dire aRa GRoRFSeadhien is t hat
i nput pin when data is transmtted to the rre%rg?g) chip for storage).

Al ter nati vel gheanes tedswieseghds fanjhedesetpani eofenailiveated Wpel siNgéri od
of 15 time whleh 13 DStaddC BNLRECH: ot pitts YHictP RiEabiHMWRE LBEy BFOTY

chi p, such
inputting data to the memory chip.

10  For example, the reset signal may 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.g. a voltage which is higher than the voltages which are encountered on

that input pin when data is transmitted to the memory chip for storage).

Alternatively, the reset signal may be a pattern of voltages over a period of
15 time which is not encountered in the usual operation of the memory chip, such

as a non-standard sequence of voltages on the clock-pin.

More generally, the reset signal may be any “soft entry” command. “Soft
entry” is a sequence of non-standard clock signals and commands (e.g. a
series of “1” and “0"s on selected data 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.



. as’' a non-standard sequence of voltages on the clock-pin. Mre generally,
the reset signal nay be any "soft entry" command. "Soft entry" is a
sequence of non-standard cl ock signals and conmands (e.g. a sef { elINof006 1
and "0"s on selected data pins) applied to the nenory chip's data 20 pins.
As in sone known nenory chips, the chip according to the present invention
may have a soft entry decoder unit for recognising a limted set of
commands (e.g. that the voltage power inp‘iut Vpc is the default VDC plus
30nV) as a reset signal. A further aspect of the invention provides a

met hod of using a nenory chip as 25 defined above, conprising supplying a
reset signal to the nenory chip, whereby the reset unit initiates an
operation i nAMuritler axptesaiin ef therinvemtjoraisch dprieéesadh gs @ low péwehde ieRAM
menory is erased. 2 2 JUN 2006 5 A féjrft;he expression of the invention is a
devi ce, such C@ISINGNAPHREIONY SR @S de ABPYR) ancheénBIILeSAPD ORE AINFi tRed

above, and a C i . i |

retrieve the sﬁrgr(gagggréttg@ﬁ%ﬁ%ohﬁgﬁl arrrl)%r f/étﬁ%ﬂ?ag?e Fﬁéégﬁdﬁ@g}r{ tﬁ%bﬁ@%bei ng
operative to caiehat proaeseseturticgnsdingnsperative amsgdrierate boreisbe sigmabrapdchi p.
Brief Description of The Figures Preferred features of the invention wll
now be deScritEEgMikio theems: ShiP-i | lustration only, with reference to the
following figures in which: Fig. 1 shows an access schene of a known FeRAM
device; and H}lidfitkscAphboWs TAB A§GRsS schene of a FeRAM device according to
the invention. Detailed Description of the enbodinents 15 Turning to Fig.

2, an enbodi nent of the invention is shown schematically.
Preferred features of the invention will now be described, for the sake of

illustration only, with reference to the following figures in which:
Fig. 1 shows an access scheme of a known FeRAM device; and

10 Fig. 2 shows an access scheme of a FeRAM device according to the

invention.

Detailed Description of the embodiments

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



. Elenents which correspond to those of the known nenory chip shown in Fig.
1 are | abelled by the sane reference nunerals, and these el enents have the
same construction as in known nenory chips. The differences })gtJ en hlnhe
known FeRAM nenory chip and the 20 enbodi nent shown in Fig. e P at the
enbodi mrent has an additional pin, for receiving an input signal "reset",
and that the enbodinent additionally has_a reset unit 7, which is arranged
to receive the "reset" signal and al so the "data" and "Addr" si ghals. It
shoul d be understood that the nmenory chip of Fig. 2 shares with the nenory
chip of Fig. 1 a nunber of features which are 25 not shown in either

di agram such as pins for receiving commands (e.g. read/wite), clock
pins, and org, feseDpid(HuLNE pdifferdritr fuadtipnitddcogisg doewhethea thewmembhe chi p
is commanded to do so. Note that in certain enbodinents the output pin(s)
may be the s¥hRisscormr@ndggue rerACEWriRO8R recei ve the data. That 2 2 JUN
2006 6 is, these pin(s) have a different function according to whether the
menory  chi pris (SIS RrdRRE iRTndMrid) Dpdadtion t8ufRE8he Wrald "dRa"
arranged in norrmal operation to output the signals "data” and "Addr" which
it recei ves,anthéhdadedhicheld peceives| ynehanded, stspeativebnte tie shprad senses and

anpl 11 o 3 ARG enhe BaniEdseadel S, IPEREEASE e drafatdib e RS

However, if éé}%eré?ﬁ?ﬁﬁe?iigaﬁdj the cBERtcellQrEdies [L88In Wal knofvn ERMOURAGHRE UNi t 7
registers this fact and initiates an operation in which the outputs it

sends to the colum decoder 1 and the shared sense anplifier 3 are such as
to set the vdbwesenifthe reset signal issertle tha reset withdripegesekunib? pegisters t o

262 or or e, giHe ShTARde A WRrd Byt libn 15 olbii0 R SARR WEhUSoum !
0" or all . s operation’I's a sequencée ol steps, each pertormed on
a respecti vededoaek 1cy¥nd ¢he Febiarexk sgpse amplifier 3 are such as to set the values of
10 the data stored in the memory cells to be set to one or more predetermined
values (e.g. all set to the same value, i.e. all "0" or all "1"). This operation is a
sequence of steps, each performed on a respective clock cycle. For example,
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).



. at' each cycle.-a respective set of banks (word |ines) may be opened in

paral lel, and the predeterm ned val ues can be witten to the cells. 15

Al t hough the invention has been described in relation to a singl&N 2006
enbodi mrent only, many variations are possible within the scope of t%e
invention as will be <clear to a skilled reader. For exanple, as nentioned
above, the reset signal does not require a dedicated pin. Instead the
reset cell 7 nmay be arranged to recognise the reset signal froma pattern
of voltage values (applied all at 20 once, or over a period of time) on one
or nore of the pins through which the FeRAM receives the inputs "data"

and/ or "Addrb@%gr the clock signal (this input is not showmn in Figs. 1
or 2). 221 7 Claims 1. A FeRAM nenory chip conprising: an array

of non-volatile ferrocapacitor nmenory cells for storing data, a plurality

of pins, the pins ArfdRAMedaira chipaesrhefisipighs for receiving 5 data to be
stored and address data indicating where in the array of nenory cells the
data shoul d be stored, and for utg:rltti ngedata stored in the nenor cells,

and a reset unit f8R FEYRYAOET RUREARAGIPAIMEIPPIYi Gdls for stABn@EAty chip

t hrough one or nore of the pins, the reset unit being arranged upon 10

recogni tion of thearmaefitsofpis, el Pk RbRidhd 8agd trﬁﬁﬁbﬁ?ir%“f&rnré@éi% at
| east a portion of the data stored in the nerfory cells Is set to one“or
nore predet efd@atentedbs stared. amd addiesauiatadndicatiog wvheirerén the etray mf memomhi ch

during the resgl PRAIALIM BE JALA 8hA"BF oLibublg 418 B i RE hEmby SC!

to the predetérmned value
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 in all the memory celis 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.



. 3. A nmenory chip according to claim1 in which the pins further include a
clock pin for receiving a clock timng signal, the reset operation
including in different clock periods, resetting the data inZ2dijif\epgpt
respective subsets of the nenory cells to the predeterm ned val ue or
values. 20 4. A nenory chip according to claim1 in which the pins further
include a dedicated pin for receiving a reset signal, the reset unit being
arranged to initiate the reset operatioh upon neasuring that a voltage on
this pinis at a certain level. 2 2 JUN 2006 8 5. A nenory chip according
toclaim1 in which pins include the reset unit 1is arranged to recognise
the reset signal fromthe voltages on one or nore of the data transfer

pi ns and/ or 50ne @ mEpnErycEiprandondintsteadidiron ia vehiok binsi inclu@e thAemesetrunitchi p
according to claim5 .in which the reset unit is arranged 5 to recognj se

the reset sigAHANGEd doveregnize W rsedsianal domp ol ing CRE OtPasM t t al
to the memony, eetaotrgﬁsf%?{pﬁqsf a8t QHQ%?-mgre ArRERE it hRdRE GGt 0 ¢l ai m

5 in which the reset unit 1s arrange to recogni se the reset sighal as a
pattern of voltages which does not occur during the transmttal to the
menory chi p 6of da androorystiop ageording & claimei odhisch tbpaeaet unjt snarerEd

menory chip conprising;, an arra f non-vyol atil.e ferrocapacitor nenpr
cells foP sttBrrgEBQQi'a?gbeareﬁfa{]?@?(’iafﬁso? Y )/tﬁg? Whigh ;ﬂeor‘?g' ?ﬁtgp%%rn%ur rrﬁwy
transfer pingdsphittaeeahkimemotpEmptd? d2fa $érdt8fhgend address data indicating
where in the array of nenory ‘cel Ps the data should be stored, and for

outputting data stored in the menmory 15 cells, and a reset unit for
recogni si ng & r eskMmemngnathiamscreting & chdmni ifowpickHing resat voigis amangsd nor e

of the pi ns’totr@%oéﬁ%gtthgnrietsepgfgrﬁgl %Erﬁ%%ﬁgrﬁje?%ltages 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:



- recognition of the reset signal to initiate a reset operation in which at
least a portion of the data stored in the memory ceIIs is set to one or
nore 20 predeterm ned val ues, the nethod conprising pMNIZW@ a reset
signal to the nenory chip, whereby the reset unit initiates an operation
in which at |least a portion of the FeRAM nenory is erased. 9. An

el ectronic device conprising: 2 2 JUN 2006 9 a FeRAM nenory chi p conpri sing
an array of non-volatile ferrocapacitorgmam)ry 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 nenory
cells the data should be stored, and 5 for outputting data stored in the
nenory cells, anda aFe@fl unémohpr chicogomgrisigg aam esetaysi ghahorpplatied t o

t he nenor ch| throu h one or re of, the pins, the es t uni t, bein
arr anged ﬁpcfﬁ" eBR |’6‘ﬁ”5’fryt‘FF’gB gﬁ’e?toé'PQng?tatc? |9‘W'ﬁ"§f aD'Pﬁ's&e pint?
operation i naWiHAY @tal t?z?r%fetapi%rfo'r (P@céﬂungrtﬁatg% dHeSEIred and AdiesEaBlsY

cells is set to one or nore predeterm ned values, and 10 a processor
operative tdndicetiag chetegie iim théarnayrafrpeotorp caHmtheedataesbomldéDe stosed.canght a

fromthe the proc r further e|n enerate a
oot i nal Phhuiltdia el RoEETRE e cef gnd o PSRt Uniior focdtRRHg
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.



