*-1- METHOD AND DEVI CE FOR | RREVERSI BLY PROGRAMM NG AND READI NG NONVOLATI LE
MEMORY CELLS The present invention relates to a nethod for 5 programming a
nonvol atile nenory cell, to a nmethod_for reading a nonvolatile nmenory cell,
to a method for operating a nonvolatﬁle menory device, to a nonvolatile
menory cell programm ng device, to a nonvolatile nmenory cell reading device
and to a nonvol atile nenory device. 10 It is known that phase change nenory
devices, as well as nobst nenory device of different types, nust include

al so nonvol at i | KEEBRP| §PalEyT CelHR LRREVERTHELY BREFRAVEINEoANEr manent |y
store device configuration information. 15 Configuration cells nust have

the same sREABPINFeNONYORATAYENMRYPHYCEERSS since it would be too

conplicated and costly to integrate nonvolatile cells nade by different
technologies in the same die. Hence, in phase cells nenory devices,
configuration data are 20 conventionally stored in form of respective
resistance val GB8 JREBTFRAF e REREFPRr SRL&T2E eLq cry st@tioRe &pr

anor phous) of phase change nmaterial portions included in configuration
cel | s. For PERET8WRENGf a5 RATHEP stie CBRATPEYr §BlLdn &1 18 meEhaRoEPE be

witten during,the so-called EWS (El ectrical __ Wafer Sortinqz rocess, which
is carriedt8a8ting tagmonvolatile memory cell, to a method for

operating‘ a nonvolatile memory device, to a nonvolatile
memory cell programming,devicle, to a nonvolatile memory
¢ell reading device and to a nonvolatile memory device.

10 It i1s known that phase change memory devices, as
weli as.-most memofy' device. of different <types, must
include alsé nonvolatile configuration célls
specifically dedicated tb pérmanently store device
configuration information.

15 Configuration cells must have the same structure
as array memory <cells, since it would be too
complicated and costly to integrate nonvolatile cells
made by different technolqgies in the same die. Hence,
in phase cells memory devices, configuration data are

20 conventionally stored in form of respective resistance
values associated to different states (crystalline or
amorphous) of phase change materiai portions inciuded
in configuration cells.

For the sake of saving cost, configuration cells

25 should be written during the sc-called EWS_ (Electrical

" wafer Sorting) process, which is carried out to test



“2- devices at wafer | evel, i.e. before dicing. However, - devi ces undergo
quite high tenperatures during subsequent processing and information stored
in configuration cells may be corrupted or even conpletely 5 deleted. After
cutting a wafer, in fact, high terrp"érzafure bondi ng steps may be required to
provi de connections of chips to contacts pads, pins and wires. |n sone
cases, al so closing packages in which dice are encapsul ated nay invol ve
consi derabl e heating, which 10 nay alter the content of the configuration
cells. Mieovess sol deafey dporadt.i on.kes adbedyser éduiimed fBowewsmnnection to
boards of electronic device. During any one of the above process steps, the
t enper at ur@evicehe chidenyy rigeiabovehbbout L&OG=fatureés quiteimg | ong tine,
so that phase change material of the configuration cells may be transforned
f rom anor phdesequentr ystrdesming at @qdr vinderwettsan al shough notn as
likely), and stored data may be corrupted. Configuration information may be
i rreparabl gonbsaurd i o ehléh wavebeheammmbeden cevenutdnmbetdky oper at ed
any longer. The object of the invention is to provide a nethod for
progr arim ngeletrrshvol afitleer neaoryinvel | .2 a wetfksd f oin rdaditng ahi@nvol atil e
menory cell, a nmethod for 25 operating a nonvolatile nenory device, a
nonvol ati | kemperature bonding steps may be required.‘to provide
connections of chips to contacts pads, pins and wires.
In some'cases, also clesing packages in which dice are
encapsulated may involve considerable heating, which
10 may alter the content of the configuration cells.
Moreover, solder'ing operation is always required for
connection to boards of electronic device.
buring any one o0f the above process steps, the
temperature of the chip may rise above about 250°C for
15 quite a long time, so that phase change material of the
configuration cells may be transformed from amorphous
to crystalline state (or vice versa, although not as
likely}, and stored data may be corrupted.
Configuration information may be irreparably lost, in
20 which case the memory device could not be operated any
longer.
The object of the invention is to provide a method
for programming a nonvolatile memory cell, a method for
reading a nonvolatile memory cell, a method for

25 operating & nonveolatile memory device, a nonveolatile

memory cell programming device, a nonvolatile memory



‘menory cell progranm ng device, a nonvolatile nenory 3- cell reading device
and a nonvol atile nenory device, that overcone the above descri bed
limtations. According to the present 4 nvention, a nethod for programmng a
nonvol atile nenory cell, a nmethod for 5 reading a nonvol atile nenory cell,
a method for operating a nonvolatile nenory device, a nonvolatile nenory
cell progranmm ng device, a nonvolatile nenory cell reading device and a
nonvol atile nenory device are provided, as clained in clains 1, 5, 10, 14,
17 and 10°92L FEKEAT vERYLCRoratthe SundP e bREt Hg JrEMOFe pRe¥éne: i nventi on,
sone enbodi nents thereof wll_be now described, .purely as non-linmitative
exanpl es, With PEPEFeHeeth8 fREVecHerEEeledr Anrhgeti/R&rein: 15 - figure 1
is asinplified block,di agramof a nonvolatile nmenory device according to
one embodi ment ASFOFARRHr éSenthf nPEREEDY FRRRE DY i &8 B dBP4Ei | ed bl ock
diagramof a portion of the ngnvaqlatile nenbr¥ g vi ce of figgrg 1, 20 -
figure 2b P%° ?$%h?%hé?tIEF“%Sﬁ?G&thWFWSXYhE fot’ actoPEEAGS of Bhe

enbodi nent_of _the present invention, - figure i is a raﬁ? ho¥jng L
quant i O estFREHRE ng? t FERE atTFROFEnoF§ldevi & e ‘ﬁire qr

operating a nonvolatile memory devite,, a nonvolatile
membry ‘cell programming device, a nonvolatile memo;y'
cell reading device and a nonvolatile memory device are
provided, as claimed in c¢laims 1, 5, 10, 14, 17 and

16 22, fespectively.

For the understanding of the- praesent invention;
some embodiments therecof will be now described,'purely
as non-limitative examples, with reference <to the
enclosed drawings, wherein:

15 - figure 1 1is a simplified block diagram of a
nonvolatile memory device according to one embodimént
of the present invention;

- figure éa is a more detailed b;ock diagram of a
portion of the nonvolatile memory device of figure 1;

20 -~ figure 2b is a flow ‘chart of a programming
method according to one embodiment of the present
invention;

- figure 3 is a graph showing quantities relating
to the nonvolatile memory device of figure 1;

25 - figure 4 is a flow chart of a reading method

according to one embodiment of the present invention;



25 - figure 4 is a flow chart of a reading nethod according to one

enbodi nent of the present invention; _4- figure 5 is a graph show ng
quantities relating to the nonvol atile menory device of figure 1; - figure 6
is asinplified block -diagramof a nonvolatile nenory device according to
another 5 enbodi nent of the present invention; figure 7 is a nore detailed
bl ock di agram of a portion of the nonvolatile nmenory device of figure 6; -
figure 8 is a flom/chart of a readi ng nmethod according to another

enbodi nent of thefppEgent 1% @n9§ﬁpgo@hQWkPq|€Nﬁ%¢9t%§5ar§}§ﬁéﬁgdeplctlon
of one enbodi nent of the present invention. A phase change menory (PCM

devi ce, inHPcEF@dHBFVOQﬁélﬁgf@?@ﬁﬁ@ Aewber ofi A1PPE6Eré 1, conprises an array
15 2 of PCMcells _(here not shown) i_rreversi ble configuration nenory 3,
a reversibl e coff ifégpﬁ?l o) JrﬁsrrSrySSmpél%fagt|}P%°€]6nfqhg%ﬁ?%"lﬂf‘or?%ﬁfory 6 and
a control unit_7. lhe arra 2 |s¢grQV|ded with _row and columm_decoders 8,

9 and mﬁthn8n¥8ﬁ95ﬁ ﬁonaweﬁ Vead Y dGFam BFFELAERP0, WRi chaPSt88hf i gured to

store nfo ti,on rmof .resistance |evels respectively

in CNL
associ PRLRGRy O4nb EhBE?se?EIF9ve€F§QPaIIlne or internediate

anDKphous and CEV%E%LEE”% is a more detailed block diagram of a
portion of.the nonvolatile memory device of figure 6;
- figure 8 is a flow lchart of a reading. method
according to another embodiment . of the present
10 invention; and
~ figure 9 is a system depiction of one embodiment
of the present invention.
A phase change memory (PCM) deviée, indiéaﬁed b?
the reference number 1 in figure 1, comprises an array -
15 2 of PCM cells (here mnot shown), an Iirreversible
configuration memory 3, a revefsible céhfiguration
memory 5, a volatile configuration memory 6 and a
control unit 7. The array 2 is pfovided with row and
column decoders 8, .9 and iwith a conventional
20 read/program circuit 10, which is configured to store
information in PCM cells in form of resiétance levels
respectively associated with fully amorphous, fully
crystalline or intermediate amorphous and crystalline
states of phase change material portions of the PCM

25 cells.



'states of phase change material portions of the PCM 25 cells. 5- The
irreversible configuration nmenory 3 includes a plurality of PCMcells and is
provided with respective row and coLuym decoders 11, 12 and with a
configuration read/programcircuit 13. The PCMcells of the 5 irreversible
configuration nenory 3 may have the sane structure as the PCMcells of the
array 2. However, at least in sone of the PCMcells of the irreversible
configuration mago dat a tora% is made irreversjble by the

8 Sias

configuration ré VERPLP @wcto TR O R e d | éP@lluQﬁS Fhe
reversi bl e_conf ration nory. S in Iudes a plurality of PCMcells, having
the sane sPiHEFE? Ya&t t TR FQ of*& t%roa‘ﬁrcg?ﬁ Zwlﬁﬁd IeSPFFS8ed Wit h
respective_row and ¢ Iurm decaders .14, W L 15 read/ program
circuit. 18°% Tﬁ@gr Pﬁ?loéale&rﬂ%dﬁrrsc&]]t 1%25' %ngc%ﬁFﬂgﬁr E&nﬁégélff@ltégpnf ormati on
in aconventl . as, the, rea/pro ammrcwt 12 coupl the array
2. In anot h&R Z%BHF%@M cjtrr%”ai?rag% ant®*fhe %veF? bFe fi {:}g?ati on

menory share a si.%gﬁ 20 readﬁ&pq{grammrc it. oIatlle configuration
menory B i sTOFVEREIRRAMC I H t HEMBF¥Es ntm@ﬁb Vr‘?en"t §sS88ffi gured as

nt ent Addr I r f
a  Content tgtdlc 8%%%% Ig%rm EyCBS ce ls 1:?1eusaerdray9 2 However, at

least in some of the PCM cells of the irreversible

configuration memory 3, data storage is made

irreversible by the configuration read/program circuit
10 13 as.emlained later on.

The reversible configuration memory 5 includes a
plurality of PCM cells, having the same structure as
the PCM cells of the array 2, and 1s provided with
respective row and column- decoders 14, 15 and with .a

15 read/program circuit 16. The read/program circuit 16 is
configﬁred to store ihformation in a con\}entional way,
as the read/program circuit 10 coupled to the array 2.

In an9ther embodimer;t-, the array 2 and the

reversible configuraﬁion memory 5 share a&a single
20 read/program circuit.

The velatile configur'ation memory & is of the SRaM
type and in the present embodiment is configured as a
Content Addressable Memory {(CAM), and is. used for
redundancy configuration. Dedicated addressing circuits

25 18 and read/write circuit 19 are coupled to the

volatile configuration memory 6.



redundancy configuration. Dedicated addressing circuits 25 18 and read/wite
circuit 19 are coupled to the volatile configuration nenory 6. -6-

Read/ programcircuits 10, 16, the confj guration read/programcircuit 13 are
comuni cably coupled to the control unit 7 via conventional data bus and
address bus, here not shown. 5 The irreversible configuration nmenory 3 is
programmed once at any convenient time, such as during EWS step, since it
is capable of resisting high tenperatures and is _not subjected to risk of

| oosing data, Be2@xPrashel belvurild® THe PAM defhee Tor§igneatémBapsul at ed
in.a chip packaging and s nounted to a board of_ an el ectronic _apparatus
(here not ERRRNPTOURBR CRECPEN devidge® 1communisahlipoveibcdt he EBAtrol unit
7 copies the content of _the irreversible configuration nenory 3 into the 15
rever si bl eCeBRFPHurEiton” meHct y CRRVPHEPHRS dﬁﬁﬁbe?uﬁﬁaQ%eagéFﬁéﬁure of the
PCM-cells of the reversible configuration nmenory 5, that may have taken
place in H48enPPFRgNSEePEOWABre cancel led by later programming operation
and do not affect data that are stored in 20 nornmal operation of the PCM
devi ce.® An intefRdl, HoneoPEEPeer ef St IWHR bFOR he NENRHY ol Suni £57,

originally in a non-valid state (set _ . ,
programmed once at any convenient time, such as during

EWS step, since it 1is capable of resisting high
temperatures and 1s not subjected to risk of 1qosing
‘data, as explained below.

10 The PCM device 1 ris then encapsulated in.a chip
packaging and is mounted to a board of an electronic
appératus {here not shown). When the PCM device 1l is
first powered, the control unit 7 coples 'the. content of
the irreversible configuration memory 3 into the

15 reversible configuration memory 5. Possible changes in
the structure of the PCM cells of the reversible
configuration memory 5, that may have taken place in
assembling steps, are cancelled by later programming
operation and do not affect data that are stored in

20 normal operation of the PCM device.

'An  internal, nonvolatile regigter 20 of the
control unit 7, originelly in a non-valid state (get
state, i.e. crystalline,), is Dbrought into a wvalid
state (reset state i.e. the nonvolatile register 20 is

25  amorphized), to indicate that the PCM device 1 has been

powered ‘at least once and the content cf the



state, i.e. crystalline,), is brought into a valid state (reset state i.e.
the nonvolatile register 20 is 25 anorphized), to indicate that the PCM
device 1 has been powered at |east once and the content of the -7-
irreversible configuration menory 3 bas_been copied into the reversible
configuration nmenory 5. The nonvol atile register 20 is read at every
power-on and al so provides a validity check for the 5 content of the
reversi bl e configuration nmenory 5. If after first power-on, for any reason,
the PCM deyice 1 is_.subject,to tepperatures ahle_ to crystallize the PCM
cells and bBE?VﬁF?lgé?ru%?n h%u§%ﬁggﬂt_Tﬁm?ﬁ% ¥ evirSsi BIeE cofPPgBFat i on
menory 5, at the next power-on 10.the register will result set (i.e.
crystalIiné?tﬁngh?hgevgﬁﬁﬁﬁéﬁ GRFEL9URPEEORePEMAF¥e that it is necessary to
copy once againT%he conte?t of the inr%verskﬁle. configuration menory 3 into
the reversible T8onfPGIVALFGN frendPFLE8EeEs5 evEr y*§iseflentVFoNer “on, the
-~ configuration data are i diatel y_available.in the reversible

conf i gur at PBHEHehBr f%ga S8 epﬁca}#‘gﬁsi rft ovfiﬁéd\}(’fp’at?}ll%c}{c i gtif&ti on

menory 6 for eration. . The SRAM vol atile _.configuration nmemyry 6.i s in.
fact muh PABEBRCL N GHY 50 PRELe: n&igd MGy CoTHBSEGY 1 gur at fon
read/progrggkg%r%gkgtﬁ%é%ggjg§§ for any reason, the PCM device 1

is subject to temperaturesrable to crystallize the PCM
cells and possibly' corrupt = the content of the
reversible configurétion memory 5, at the next power-on

10 the register will result set (i.étwbryétalline) and the
cbntrdl unit 7 will determine that it is necessary to
copy once again the content of the irreversible
configuraticn memory 3 into the  reversible
configuration memory 5.

1i5° At every subseguent power on, the configuration
.data are immediately available in the reversible
configuration memory 5 and are copied into the wvolatile
‘COnfiguration memory 6 for operati;n. The SRAM volatile
c&nfiguration memory 6 is in fact much faster than any

20 phase change memory.

The configuration read/prqgram circuit 13 operates
under the control of the control unit 7 as hereinafter
described, with reference to figures 2a, 2b and 3. In
figure 2a, PCM cells of the irreversible configuration

75 memory 3 are indicated by the reference numbers Z2Zla,

21 and include each a selector element 23 (here a PNP



under the control of the control unit 7 as hereinafter described, with
reference to figures 2a, 2b and 3. In figure 2a, PCMcells of the
irreversible configuration 25 nmenory_3sare indicated by the reference
nunbers 2l1a, 21b and include each a selector elenent 23 (here a PNP g_
transi stor, sketched as a switch in figure 2a for sinplicity) and a storage
el ement 25 of a chalcogenic material (e.g. GST). Afirst group of PCMcells
2la are selected (figure 2b, block 50) by the row and colunn 5 decoders 11,
12, not sh&RAREASEPHur eSHRECRAR catiplad $Wtehe Wonfiigieg i G r €897 pr ogr am
circuit 13 to be brought _into an irreversible progranmng _state, wth which
a first | 83TRLVELGE) | €8k sPCEEPERIE ©IFMeHe ggarﬁﬁ ed FdediGosERicsee al so
figure 2b, block 55) At current 10 supply outputs 13a, the configuration
read/ pr ogr BRFCELREUIE- 83 GFdn -sdp il YR ever BFY| 69pi8grdmmia%§ current

| Il RP that causes permanent npdification_ in storage elements 25 of selected
PCM cel | s 5%aeCMFchl E3GHTe péPhemdiogdt t 8F) i My cBRed T8y eXREUKEHEPCM cel | s
15 2l a):-In anqt her _enmbadi nent, irreversible nodification nay be achieved
by app| nBSEORPESr i g A G ydel BLERHS PeR caPe SerPaRchePe. on

i ndi cated as reversible PCMcells ,2%1%) are-not affected by the irreversible
pr ogr ammi n§REUFPBEL IMFRE QA TREHPLAT T Chtrtdpab? | FPy PEF Lewugditi ng

bet ween am)rghous state and. i . .
into an irreversible programming state, with which a

first‘ logic wvalue is associated (*17 in‘ the example
described; see also figure-.Zb_, block 55). At current
iO supply outputs .13a, t_lie configuration read/program
circuit 13 then supplies an irreversible programming
current Ippp that causes permanent modification in
storage elements 25 of selected PCM cells 2la (which
will be hereinaflter indicated as exhausted PCM cells
15 2la). In another embodiment, irreversible modification
may be achieved by applying a programming voltage.
Unselected PCM cells (from here on indicated as
fevérsible PCM cells 21b‘) are 'no_t affected by the
irreversible programming current I and maintain the
20 capability of switching between amorphous state and
crystalline state reversible even after programming. A
second logic value is associated with. reversible PCHM
cells 2ib (*0* in the present embodiment).
Hence, the first and second logic values are
25 Acorrelated to whether‘ or not the PCM c¢ells are

switchable between a fully crystalline state and an



crystalline state reversible even after programm ng. A second | ogic val ue
is associated with., reversible PCM cells 21b ("0" in the present

enmbodi nent
whet her or
state and
that a ful

). Hence, the first and segng | ogic values are 25 corr
not the PCMcells are sw tchable between a fully cryst

an 9- anorphous or fully anorphous state (it is herein

| y anorphous state is a state in which at |east a secti

current path of a PCM cell is conpletely anorphized) Mre precise
first |ogi @mgapheus" 1oF | SuddsbcianamPherexhatdted PEM del | e2®an which are

not switchabl e between the ful
state; andunggssseedndhadgie ¥

cells 21b,

which are still switchable 10 between the fully crystal

elated to
alline
under st ood
on of a
ly, the 5

crystalline state and the fully anorphous
g¥ (@rrybhopishssbetat 46 td staver dhbl e PCM

line state

and the fubbjchamdr pheaststaat 8echen e #ravassitl eatbnfafyuzafc¥n  nenory

3 is progr

control unf€l¥ chhverampleleky signerpoiged)

amed, the configuration read/program circuit 13 driven

by the

i's Mole | e adarlost e@hROM cel | s

2la. 15 Exhausted PCM cells 2la and reversible PCMcells 21b are all _
operative &&FF§, 1PgeC d@iue t hal” ar dsusedoqiat@adriec neghengtall PRMor mati on.

As illustr

ated in figure 3, irreversible rogramm ng current

I
t han convefREiefaléla.” which are not switchable between the ful%?r

crystalline state and the fully amorphous state; and

the second 1logic wvalue {*0*") is associated to

. reversible PCM cells 21b, which are still switchable

10

between the fully crystalline state and the fully

amorphous state. When the irreversible configuration

~memory 3 is programmed, the configuration read/program

15

20

25

circuit 13 driven by the control unit 7 converts
reversible PCM cells 21b into exhausted PCM cells 21la.

Exhausted PCM cells 2la and reversible PCM cells
21b are all operative cells, i.e. cells that are used
to store meaningful information.

AsS illustrated in figure 3, irreversible
programming current Imge 1s higher thaﬁ conventional
programming current pulses normally sﬁpplied. for
reversible programming of PCM cells (in figure 3,
programming current pulses Ip;, Ip for bilevel PCM cells
are shown). In particular, irreversible programming
current Izp 18 in the range of 150-200% of the highest
current available for reversible programming of PCM

cells of either the array 2 or the reversible

i s higher



20 progranm ng current pulses normally supplied for reversible progranmm ng
of PCMcells (in figure 3, progranm ng current pulses Ipo, Ipl for bilevel
PCMcells are shown). In particular, ;izrreversible programmng current Ilgp
is in the range of 150-200% of the hi Rest 25 current available for

reversi ble programming of PCM cells of either the array 2 or the reversible
-10- configuration nmenory 5 (Ipl in the exanple of figure 3). For exanple,
irreversible progranmmng current 11gP may be between 1 mA and 3 mA and is
appl i ed fofFcuGiarrahlion meaowee® 1lgs dAdtheOexsampdel ofi Agoupen3irreversible
5 programmi ng current 11gP, selected PCMcells 21 are pernmanently nodified
so that stB8PAgE*EEHEN s 1ZECVERELbIE REOTIOAMBHyEr curresndi $ionmey changi ng
their state fromfully anorphous to fully crystalline. To clarify the

ef fect of BEpPREWRENPEVMFe|dnd B) mA et hSt AeDl i pdvEpsi Blsapiogr afm ng
current I1RP, reference will be nmade to_the working w ndow of PCM cells.
The wor ki n§ewREBwW 3 skEndErdt 668 45 + hEogapWibst iteon t RETRYSTSLbSEst i ve set
state (i.e. crystalline) and the |east resistive reset state (i.e.

anor phous) PISORRANEANE PEWFEERE nlsrrbe Pebeeedi M@ Apdily 28 nesely caused
by repeated conventional reversible programmng cycles and tends to reduce
t he wor ki ngesiaaentéy Pemdidaiasks. $9fethad ofSteuragnt i ehahelPoM cébl s expires

when
thereof are no longer in condition of changing their

state from fully amorphous to fully crystalline.
To clarify the effect of supplying PCM célls 21
10 with the irrevergible programming  current -IIRP,
reference will be made to the working window of PCMl
cells. The working window is understood as the gap
between the most resistive set state (i.e. crystalline)
and the least resistive reget state (i.e. amorphous)
15 which a PCM cell may be brought into. Ageing is mostly
caused by répeated conventional reversible progiamming
cycles and tends to reduce the working window of PCM
cells. Lifetime of conventional PCM cells expires when
the residual working window is reduced to such an
20 extent that the actual resistance level of the cells
can not be determined with certainty, i.e. .a set state
and reset state can no longer be discriminated. Similar
result is suddenly obtained by applying the
irreversible programming current Iigp, that causes
25 overheating and strongly hastens the ageing process

{hence the definition of “exhausted PCM cells Zla®).



the residual working window is reduced to such an 20 extent that the.actual
resi stance level of the cells can not be determined with certainty, i.e. a
set state and reset state can no longer be discrimnated. Sinmlar result

i s suddenly obtained by applying the-jhereversi ble programm ng current I11gP,
t hat causes 25 overheating and strongly hastens the ageing process (hence
the definition of "exhausted PCM cells 21a"). -11- The residual working

wi ndow of exhausted PCMcells 2la is elimnated or at |east reduced with

e e b1 n and y S08) Sk BoHa B e b8 e B Pt e B SR 2 ¢ T e no
P ocedur ¢ fEACES lrjledldl BEpeted b2, [ CfeRse tr%@l'?%ér o ?%?Sﬁﬁ?%r "So padind
Eé?ﬁééﬁea ¥g§%gg|# gta |.n2t§q&tn Wg%%haﬁat2%¥g%éggﬂgzggéen h aﬁsrg;fg
Yﬁ:??a:fy ?¥ ure %? El;(ﬁf[rst revers?Lle pré%eqﬁ%ﬁﬁf é d??%ﬁ% 5EE§eLefLo

A st erevers?b?ﬁ' S aramd 1] ite PFad 8 e BrBafk e tpRopuges 100

below with reference to figures 4 end 5. The_reading
procedure is carried out under the control of the
control unit 7. |
In practice, PCM cells are tested on whether they
10 may or may not swiﬁch between a fully crystalline state
| | and an amofphous "state. Then, a '1ogic value is
associated to read PCM cells, based on'the result of
the test.
Initially {figure 4), first reversible programmning
15 current pulses Ipy are sent to a selected PCM cell 21 to
be read, in a process block 100. Flrst reversmble
programming current pulses Ips are such that a
reversible PCM cell 21b would be brought into a high
resistance, low current state kfully amorphous, *0")
20 when subjected thereto.
The selected PCM cell 21 is then biased in
conventional reading conditions, in a processing block
110, and a first read current I flowing through the
selected PCM cell 21 is compared with a first reference

25  current Tgs, in a test block 120.



reversible PCMcell 21b would be brought into a high resistance, |ow
current state (fully anorphous, "0") 20 when subjected thereto. The
selected PCMcell 21 is then biased in_, conventional reading conditions, in
a processing block 110, and a first read current Ico flow ng through the
selected PCMcell 21 is conpared with a first reference 25 current IRO, in
a test block 120. -12- If the first read current Ica is greater than the
first reference current RO ' (output NO fromtest block 120), it is

det erm ned t hat Tfheclsel £tted PERdceldr28nt sIexiaugtedeépr atass tleock 130),
because the attenpt to 5 store a "0" has failed and sel ected PCM cell 21-
cannot swifticistt crefesudridei enttgnhi Jhy 1 ¢suspancaid efebm Themr, bldwk St ored
data SD associated with the selected cell 21 has the first |ogic val ue
("1"). If, li2d9t,edd; #sheddtiemtineddclvan rehe seDetsetomenM cEQ1t I2dn itshe first
reference clurrent 1RO (output. YES from test block 120), second reversible
progr ami ngxtwusartd (pieessd Phblack skEil) t obacaakectdte PEMEesbk 2L in a
process bl ock 40. Second reversible progranm ng current pulses IPl are such
that a Pevertsird ea POM ckeht Zabledulktdl BdledraiightMi akdia 2lowareritst ance,

hi gh current state (fully crystalline,; "1") when subjected thereto. The
sel ect ed PEMidell @i Bs sufefiaieadtlagahihghblreskistance level. Then,

the stored data SD associated with the selected cell 21
. |
has the first logic value (“L”).
If, instead, the first read current Ie, is lower .-

10 thal} the first reference current Iz, (output YES from

test block 120), second revlersible programming current

f

pulses Ip are sent to a selected PCM cell 21, in a

process block 40. Second reﬁgfer'sible programming current

pulses ipl are such that a‘r_sieversible PCM cell 21b would

15 be brought into a 1low résistance, high current state
(fully crystalline, *1”) when subjected thereto, |

The selected PCM cell 21 is. then read again  (block

150), and a second read current Ic 1s compared with a

second reference current IR?l, in a test.block -160. In
20 the event the second read c*ilrrent I is lower than the
second reference current IRi;' (output NO from test block
160), it is determined agairil that the selected PCM cell
21 is exhausted (processi _block 7130), because the
attempt to store a “1” has failed and selected PCM cell

i

25 21 cannot switch to a sufficiently low resistance

level. Alsc in this case 1t is recognized - that the



150), and a second read current Icl is conpared with a second reference
‘current IR, in a testblock 160. In 20 the event the second read current |Icl
is lower than the second reference current IRL1 (output NO fromtest bl ock
160), it is determ ned again that the selected PCMcell 21 is exhausted
(process, block 130), because the attenpt to store a "1" has failed and
selected PCM cell 25 21 cannot switch to a sufficiently |ow resistance
level. Also in this case it is recognized that the -13- stored data SD
associated with the selected cell 21 has the first logic value ("1").

Q herwi se $oorpdtdyEs FPoapsestiatedchvitdO)the tsdlectual eceihedl that t he
selected PCMcell 21 is reversible 5 (processing block 170), because it is
capabl e of tRei frsthglostowenleaf f1ET bntly spaced apart resistance |evels.
It is therefore determned that the stored data SD associated with the

sel ect ed PCM cedthepwise $evbnut NEH ctxcm ueegtobjocko IKQGurels Shows one
exanpl e of a working wi ndow (designated as WO) of a reversible PCMcell and
three exafptresniiedoEkihg thiendossviedxRalisced PGV ciet | sevedethlmat ed as
WL, W2, w3, respectivel yga. For the reversible PCMcell, the working w ndow
W is such(®hegedsinhe peadkcud /@t s DecEge nodt rissi scapabbeatef and in

the | east resistive state are respectively |ower than
switching between sufficiently spaced apart resistance

levels. It is therefore determined that the stored data
SD assoclated with the selected PCM éell ha the second
logic value (*0").

10 ' :E-"igure 5 sfiows one -e:-cample of a working window
(desi:gnated as Wg) of a reversible PCM cell and three
examples of working windows of exhausted PCM cells
(designated as W;, W., W3, respectively). For the
reversible PCM cell, the working window Wy is such that

15 the read currents in the most resistive state and in
the _ieast resistive state are reébectively‘lower than
the first reference current Iz and greater than the
second reference current IRl.v 'Residual working windows

..,Wl—igh. are not wide enough to £fill the gap between the

‘20 first reference current Iz, and the second reference
current Ip; and, in any case, at least one of the
following conditions is met:

the first read current Ig 1is greater than the

first reference current Igg, OT



‘the, first

current I Rl. Resi dual

reference current IRO and greater than the second ref erence
wor king wi ndows W-WB are not w de enough to fil
gap between the 20 first reference cutrent | RO and the second reference

4=

t he

current IRl and, in any case, at |east~one of the following conditions is
irst read current Ico is greater than the first reference current
| RO, or -14- the second read current Icl is |ower than the second reference

met: the f

current IRL, so that switch into the |ow resistance state can not be

recogni zed. Thethboveederdribeald PCMuksrite lcs idmunowear t than5 thek of data
| oss caused by high tenperature processing steps, because, on the one hand,

exhaust ed PaMrad| [refarangmt cherenst dred S0 theit emilgichaliondibheon and
hand, reversible PCMcells are not heated so nmnuch-as to | ose

t he ot her

on

t hei r phaséoswreshshgneapabieket yanigothbeeteregna zRGM confi gurati on menory

may be int

egrated in the same chip with a conventional PCMarray and may
be advant ageousThepredgr@mdasduibag BB sdepickecausémnineevar sthee

progranmm ng as described prevents stored data from being corrupted by high

t enper &t ur 81sk50ExRaGSt PO ed M ahihgly bempayaayredbsereathaged,

al t hough t

10

i5

he resistance | evel and the residual working wi ndow are affected
by stochaseieps, because, on the one hand, exhausted PCM cells.

can not be restored in their original condition and, on
the other handf reversible PCM cglls are not heated so
much _ds to lose their phase switching capability.
Therefore,”a PCM configuration memory may be integrated
in #ﬁe'éame chip with a conventional PCM array and may
be advantageocusly programmed during EWS step, because
irreversible programming as described prevents stored
data from being corrupted by high temperature.

Exhausted PCM  cells 2la may be  anyway

'discriminatedq although the resistance level and the

20

residual working window are affected by stochastic
facfdrs andh ara therefo;e unpredictable, because the
capability of switching 1is tested, rather than the
actual resistance level.

According to anéthér embodiment, illustrated in

 figure 6 and 7, where parts already shown are

25

designated by the same reference numbers, in a PCM
device 200 a read/program circuit 213 is coupled to the
irreversible configuration memory 3 (figure 6), is

controlled by a control unit 207 and comprises a bank



‘factors and are therefore unpredictable, because the capability of
swtching is tested, rather than the 20 actual resistance |evel. According
to anot her enbodi nent, illustrated ip-sjigure 6 and 7, where parts already
shown are designated by the sane ref%rence nunbers, in a PCM device 200 a
read/ programcircuit 213 is coupled to the 25 irreversible configuration
menory 3 (figure 6), is controlled by a control unit 207 and conprises a
bank -15- of sense anplifiers 215 (figure 7), each of which is connectable
to sel ect edf PENSE | anRiifhedvsgRbhel Fowmreledddercach and twiviadol bem decoder
12 for reading. The read/programcircuit 213 further conprises a first 5

| atch 217a¢cmneetahde| dichseleptadd BeM ogetlei rdui thregohf dtheeathwsense
anplifier 215, and an output buffer register 219. The latches 217a, 217b
recei ve oulpeddsrgidl nd ofher edaan ecirie dppltior erepdiimy. MBheover, the
first 10 latches 217a directly receive an enable signal EN, which may be
gener at ed BRRALPTPErERNaFLYCHALt hél3r by BROYr amPEPrEaRE 223 6iTEhA the
control unit 6. The second |atches 217b receive the inverted enabl e signal
EN. " Heldce, 1aheh| dléRes a2 Fpsong Az tedupled tandathl eghgecitgubhplifi er 215

are alternatively selectable. Qutputs of the |latches 217a, 217b feed into
for each sense amplifier 215, and an output buffer

register 219.

The latches 217a, 217b receive output éigqals from

respective sense amplifiers 215. Moreover, the first
10 latches 217a directly receive an enable signal EN,

which may be generated either ‘internally in the

read/program circuit 213 or in the control unit 6. The

second latches 217b receive the inverted enable signal

EN. Hence, the latches 217a, 217b coupled to each sense
15 amplifier 215 are alternatively selectable.

Qutputs of the 1latches 217a, 217b feed into
respective logic circuits 218, which are coupled to the
outputrbuffer register 219. The output buffer register
219 is in turn connectable to the reversible

20 configuration memory 5.

The irreversible configuration memory 3 isg
programmed as already described. When the PCM device
200 is first operated, configuration data stored in the
irreversible configuration memory 3 are read, as

25 hereinafter described with reference to figure 8, and

then loaded in the reversible configuration memory 5.



respective logic circuits 218, which are coupled to the output buffer

regi ster 219. The output buffer register 219 is in turn connectable to the
reversible 20 configuration nenory 5 EIhe irreversible configuration nenory
3 is programmed as already described”"Wen the PCM device 200 is first
operated, configuration data stored in the irreversible configuration
menory 3 are read, as 25 hereinafter described with reference to figure 8,
and then |loaded in the reversible configuration nenory 5. -16- Reading
procedur e Reagangi &Fcnadusitdelst Rareamdr otutof undps ddva robnbnpPd »f Each

sel ected PCMcell 21 is first subjected to reversible progranmm ng operation
to store ath@"coptrptordss Block 300) .- Then, each selected PCMcell 21 is
read and the result of the reading is stored in the first latch 217a

associ ated to t BaChe|SRiRACAENBEM Ll f Rér IBISEEpBEcesebheeerRd310; only one
of the |atches 217 of each couple is enabled by the enable 10 signal EN).
Then, the $eVeEfeRlPOMRIAIraIIN® saBpEatéant o £ evetsirsl e drodPdmmi ng
operation to store a_"1" process bl ock 320) and subsequently read. In this
case, the rBE¥@ressf birekr 8880 ng Thenst as isekeeierd PIY ratéhdd 287b

(process bl ock 330). . .
read and the result of the reading is stored in the

first latch 217a associated to the relevant sense

amplifier 215 (process Dblock 310; only one 6f the

- latches 217 of each couple 1is enabled by the enable
10 signal EN).

Then, the selected PCM éell 21 are subjected to
reversible programming operation to | store a “1”
(process block‘320) and subséquently read. In this '
case, the result of the reading is stored in second

15 latches 217b {(process block 330).
| In test. block 340, the logic circuits 218
determine whether values *0” are stored in the
respective first latches 217a and vaiues *17 are stored
in the respective second latches 217b. If so (output

20 YES from the test block 340), it is determined that the
coupled PCM cells are reversible PCM cells 21b and the
second logic wvalue (*07) is loaded in corresponding
positions of the output buffer register 219 (process
block 350). Otherwise (output NO Zfrom the test block

25 340), coupled PCM cells are recognized as exhausted PCM

cells 21a and the first logic value (*1”) is loaded in



In test block 340, the logic circuits 218 determ ne whether values "0" are
stored in the respective first |atches 217a and values "1" are stored in
the respective second | atches 217b. Lﬁ so (output 20 YES fromthe test block
340), it is determned that the coupléd PCMcells are reversible PCMcells
21b and the second logic value ("0") is loaded in corresponding positions
of the output buffer register 219 (process block 350). O herw se (output NO
fromthe test block_25 340), coupled PCMcells are recogni zed as exhausted
PCM cel | sCoubespendhed f Dogigisgic @4l udhg " ourphs |lwafiel | megigter
correspondig? Bgsitions of the output buffer register 219 (process bl ock
360). In ahdb? hePTe®Dei pbAEk 8AB) Logic circuits 218 may conpare the content
of respective first latches 217a 5 and second | atches 217b, e.g. by feeding
~their outputs iFRo2BOXBRIpGROdiMaH s Ehselogid siderwid netBthay the
coupled PCMcell is_a reversible PCMcell 21b, if the content of the first

| atch 217aC9PBPFeR (Hhe sEABLEEt tife tGsPestiol t hbrsbcdmtdtmsch221ab (the
state of the_ 10 sel ected PCM cell has changed between the first and the
second ¥ ea®ihgFecand. liatahesdet i nedt hdly tiredioupl Seeirovitpiitsi s an
exhausted PCM cell 2la if the first latch 217a and_the second latch 217b
have the sHAE® EortThtPPEEspite BRiBnmsEsf pE odParferrrmeitgdr ehat

the coupled PCM cell is a reversible PCM cell 21b, if
the content of the first latch-.21_7a is not the same as
the content of the second latch 217b (tﬁe state of thé

10 selected PCM cell has changed between the first and the
second reading); and it is determined that the coupled . .
PCM cell is an exhausted PCM cell 2la if the first
latch 217a and the second latch 217b have the same
content (despite attempts of programming -different

15 -wvalues).

In figure 9, a portion of a system 400 in
accordance with an embodiment of the present invention
is illustrated. System 400 may be used in devices such
as, for example, a personal digital assistant (PDA), a

20 laptop or - portable computer, possibly with wireless
capability, a cell phone, a messaging device, a digital
music plaver, a digital camera, or other devices that
may be a-dapted to process, store, transmit or receilve
information and regquire permanent storage capability.

25 ' System 400 may include a controller 4106, an

input/output (I/0) device 420 (e.g. a keyboard,



15 values). In figure 9, a portion of a system400 in accordance w t-h-an
enbodi nent of the present invention is illustrated. System 400 nmay be used
in devices such as, for exanple, a personal digital assistant (PDA), a 20
| apt op or portable conputer, possiblyiwith wireless capability, a cel
phone, a nessaging device, a digital nusic player, a digital canera, or

ot her devices that nmay be adapted to process, store, transmt or receive
information and require pernanent storage capability. 25 System 400 may

i ncl ude a gont{olier 410, .an input/out Utﬁéllo .device 420_§e_ . a

keyboar d. SABIEY Sol 55F RS SHHAR AROTE SR Lvilce A WiT 6l FaP

iﬁ?ef?;ce 440 gndpagggylnené?y cgﬁéled‘%§§éacxlﬁgtger Vi a ghgzz 450. A

b?r'{)t S_ry 4?%)“?1??5%‘éiuél d "lt)oan uﬁgl? SE;)W?P‘ e t 's]}/EfE 260 i-i%t ohe N _

enbodi nent . | shou en , ScO e present_invention is

not |initedtRe diodPmits %é@rng %eé?ggﬁFﬁTS$8§n§m%ﬁ Bﬁlﬂ“%¥ia58ve li sted
ts. Controll 410 i se, ., . - :

oy or opr 0cSWOPLY " BoyEral TR bl SHPREIeid L BRE TRt 1 orSE o the

ke, B QLSS RRT® SRS Pl g lEsgads, ol gyst o 40
froma is not limited to embodiments having necessarily. any or )
all of above listed components. |
Controller 410 may comprise, for example, one or
more microprocessors, digital signal processors, 'mj._cro-
10 controllers, or the 1ike.r
.The I/0 device 420 may be used to 'geﬁérate a
message. The system 400 may use the wireless interface
440 to transmit and receive messages to and from a
wireless communication network with a radio frequency
15 (RF) signal.  Examples of the wireless interface 4490
may include an antenna, or a wifeless transceiver, such
as a dipole antenna, although the scope of the present
invention 1is not limited in this respect. Alsro,__tlhe
I/0 device. 420 may deliver a voltage reflecting what is
20 stored as either a digital output (if digital
information was stored), or as analog information (if
analog information was stored).
Finally, it is clear that numerous modifications
and variations may be made to the devices and the

25 methods described and illustrated herein, all falling

within the scope of the invention, as defined in the



‘W rel ess conmuni cation network with a radio frequency 15 (RF) signal.
Exanpl es of the wireless interface 440 may include an antenna, or a

wi rel ess transceiver, such as a dipghﬁ_antenna, al t hough the scope of the
present invention is not limted in This respect. Also, the 1/0 device 420
may deliver a voltage reflecting what is 20 stored as either a digital

output (if digital information was stored), or as analog information (if
anal og information was stored). Finally, it is clear that nunerous

modi f i cat | 8hsached vakadns ondMmepabelfadart o thfe daveesdoandnatie be25 net hods
~ described and_illustrated herein, all falling within the scope of the

i nventi on, e¥®leéftiefed ton ke 1@NGt tRMERCL| a7 WE. PRDBES t KéBar Ot he
invention may be exploited to nmake and operate any other kind of

nonvol at i | BORFRBAF ey IMaE L vh 9 Heze Hh A3es t8an gehAE RoFhangey ME@9rYFor
exanmpl e, resistive nenory devices, such as 5 RRAM or el ectrolytic nenories,
ferroel et t FRVigERor iIFEY CEERAN). TIBH EiRl BHEMRONM ABHbEREs FEFRbESused. - 20-
CLAIM5S 1. Method for programrng a nonvolatile menory cell, conprising: 5
provi dihg BRA¥NVET atdliss ool CePempPigs, tIRFTIeleFieviet sMEMPraRiSt chabl e

between a first state and a ) .
(FeRAM), Flash and EEPRCM memories may be used.



‘'second state; and applying an irreversible progranmng signal (II1Rp) to the
nonvol atile nenory cell (21la), such that the 10 nonvolatile nmenory cells
(21a) is-nade not sw tchable betmeen_& e first state and the second state in
response to the irreversible programming signal (I11Rp). 2. Method according
to claim1, wherein the irreversible progranm ng signal (I1Rp) conprises an
15 irreversible programm ng current. 3. Method according to claim2, wherein
the irreversible programring current (llgp) is in the range of 150%to
200% of a maxi mum reversible programi@g™urrent (11) for the nonvolatile
menory cell (21a). 20 4. Method according to any one of the foregoing
clains, wherein applying an irreversible programm ng signal (I1gp)
conpri ses overheating the nonvolatile nenory cell (21a). 5. Method for
readi ng a nonvol at ¥PERAENDEGT cePFOIT 2BMEBEDT fsi AGRVASEESSPNgMETOTY 110, 120,
140, 150, 160; 300-340) .-21-. whether a nonvol atile nmenory cell (2la, 21b) is
Swi t chabl eCBe{ weEAMBr+F+8%: state and a second state; determining that a
first irreversible |ogic value "1Ta is associated to the nonvolatile
menory el | 5 PPIEIIING RnBORYRVELALLE OGRaFDr ket | (10ah) Fhakois
reversibly switchable between a first state and a
second state; and
applying an irreversible programming signal (Tige)
to the nonvolatile memory cell (2la), such that the
10 nonvolatile memory cells {21a) is made not switchable
between the first state and the second state in
response to the irreversible programming signal (Iige).
2. Method according to claim 1, wherein the
irreversible programming signal (Iizp)} coOmprises an
15 irreversible programming current.
2. Method according to claim 2, wherein the
irreversible programming current (Imze) 1s 1in the range
of 150% to 200% of a maximum reversible programming
current (I;) for the nonvolatile memory cell (2la).
20 4. Method according to any one of the Iforegoing
claims, wherein applying an irreversible programming
signal (Ip) comprises overheating the nonvolatile
memory cell (2la).
5. Method for reading a nonvolatile memory cell,

25 comprising:

assessing (100, 110, 1206, 140, 150, 160; 300-340)



‘swi tchabl e between the first state and the second state (130; 360); and
determ ning that a second irreversible logic value ("0") is associated to
t he nonvol atile nmenory cell 10 (21b),. if the nonvolatile nmenory cell (21b)
is switchable between the first stat“e2 ind the second state (170; 350). 6.
Met hod according to claim5, wherein assessing conprises: 15 subjecting the
nonvol atile nenory cell (2la, 21b) to first reversible programm ng
operation (100) for progranmmng a first reversible logic value ("0"); first
readi ng ( hilgthdre nanvobatioletddeor ywmawdty (@4al 21BNa,20 Aded)er nani ng
whether a first read output signal (lco) is in a first relationship (120)
with a firswitelefleledosetwiemat {110 ; staatle devd di ngetctad shetapnvol atil e
menory cell (2la, 21b) is not swtchable between the first state and the
25 second st at ed€U201iniB30) , thiett ke first Leadveuspbiesilgdlc (Y&@eis not in
the first relationship with the -22- first reference signal (I1RQ. 7. Method
accordi ng tbltl aiim 6 aswloerieitedassessichg fanvhéetideprinewsryi fecehle fir st
read output signal (lco) is in the
5 - (2l1la), if the nonvolatile memory cell (2la) is not
switchable between the first state and the second state
(130; 360)}; and
determining that a second irreversible logic value
(0") is associated to the nonvolatile memory cell
10 (21b), if the nonvolatile memory cell {21b) is
switchable between the fifst state and the second state
(170; 350).
6. Method according to claim 5, wherein assessing
comprises:
15 ‘subjecting the nonvolatile memory cell (2la, 21b)
to first reversible programming operation (10'0) for
programming a first reversible logic value ("07);
first reading {(110) the nonvolatile memory cell
(2la, 21b);
20 " determining whether .a first read output signal
(Ico) is 1n a first relationship (120) with a first
reference signal (Ixg); and -
deciding that thel nonvolatile memory cell (21a,
21b) is not switchable between the first state and the
2% second state (120, 130), if the first read output

signal (Iec) is not in the first relationship with the



5 first relationship (120) with the first reference signal (IRO,

subj ecting the nonvolatile nenory cell (2la, 21b) to second reversible

programmi ng operation (140) for progkgnm ng a second reversible |ogic value

("1") 10 second reading (150) the nonvolatile nmenory cell (21la, 21b);

determ ni ng whet her a second read output signal (lcl) is in a second

relationship (160) with a second reference signal (IRl) 15 deciding that

t he nonvol atile nmenory cell (2la, _21b) is switchable between the first

stat-e and ?HéSts€@5ﬁ69§F§tél%T@é (7). if the second read output signal

(lcl) is in the_second rel ati onshi 62& with the second reference signal
%

(IR1): and 20 déci ¥ehgotn£°% PeTiretror YREERER ( 28£25S406) is not

swi t chabl e bet ween the first state and the second state, if the second read
out put si ghEF CRFELFOMBT365 i n the second relationship (160) with the second
.reference 5|gnal od accordln%B?§ cl ai n15 wherein assessi ng

conpri ses: -23- ub‘%%t |fﬁ§stther‘ﬁ% v deficp) (28a, 1B1H S o first

reversi ble cbrogr amnng operati on (A00) for, pregraming @ Uyst reversible

signal (Ire)., subjecting the_ nonvolatile memory cell
(2la, 21b) to second reversible prograﬁmiﬁg operation
(140)_for programming a second reversible logic wvalue
(*17); |

10 " second reéding (150) the nonvolatile memory cell

{21la, Zibj;

determining whether a second read output signal
(Ie;) 1s in a second relationship (160) with a second
reference signal (Ig:):

15 - deciding that ‘the nonvolatile memory cell (21a,
21b) is switchable between the first state and the
second state (160, 170), 1if the second read output
signalf‘ﬂkly is in the second felationship (160) with
the second referencé signal (Ir1}; and

20 deciding that the nonvolatile memory cell (21la,
21b) ig not switchable between the first state and the
second state, if the second read output signal (Icy) is
not in the second relationship (160} with the second
refe:ence signal (Ig1).

25 ' 8. Method according to ¢laim 5, wherein assessing

compriges:



first reading (310) the nonvolatile nenory cell 5 (21a, 21b); subjecting
the nonvolatile nmenory cell (2l1a, 21b) to second reversibl-e programm ng
operation (320) for programm ng a seggnd reversible logic value ("1");
second reading (330) the nonvolatile nory cell 10 (21a, 21b); and
conparing results (L1, L2) of the first reading (310) and of the second
reading (330) wth respective reference values (340). 9. Method according
to claim8, wherein assessing 15 further conprises: deciding that the
nonvol ati | e menbEpigefring2tie momyjolatiiet nhabky bwtMeen2tae Rilbdt state
and the second state (350), if both the results (Li, L2) of the first
readi ng (3%0) BhEShf TPeeLTHIR REAUTANISED) opRYatdan t HE 00dspdoti ve
reference val ues; and deciding that the nonvolatile nmenory cell (2l1a, 21b)
i s not swi PERIPPEMBBEWBeAiERE FRVSrSibaeelamict HeluseddAd)state (360), if at
| east one of the results (LI, L2) of the first reading (310) and of the
second 25 readi ﬁbr§§305e%f£7’é3$ nd8lfeet the n@spekttids r sfamaanceceldl ues. - 24-

10. Method for operating a nonvolatil e nmenory device, conprising the steps
of . 5 (21a, BTLS; MY Y , COMPrISing . P

subjecting the nonvolatile mémory cell (2la, 21b)
to second reversible programming operation (320} for
programming a second reversible logic value (*17);
second reading (330) the nonvolatile memory cell
10 (21a, 21b); and
| comparing results (L1, L2) of the first reading
(310) and of the second reading (330) with respective
reference values (340).
8. Method according to claim 8, wherein assessing
15 further comprises:
deciding that the nonvolatile memory cell (21la,
21b) is switchable between the first state and the
second state (350}, if boﬁh the results (L1, L2) of the
first reading (310) and of the second reading (330)
20 meet the respective reference values; and
deciding that the nonvolatile memory cell (2la,
21b) is not switchable between the first state and the
second state (360), i1f at least one of the results (L1,
1.2) of the first reading (310) and of the second
25 reading {(330) does not meet the respective reference

values.



providing a first nonvolatile nenory (3) conprising a plurality of

nonvol atile nenory cells- 5 (21la, 21b), that are reversibly sw tchable
between a first state and a second ggage; irreversibly programm ng first
nonvol atile nenmory cells (21a) according to any one of clainms 1-8; reading
the first nonvolatile nenory cells (21a) 10 and second nonvol atil e nenory
cells (21b) according to any one of clains 9-15. 11. Method according to
claim 10, further conprising first copying data stored in the first

nonvol atil e memsy @@EB?d(Zf&FzﬂﬂP@ﬂﬁﬁ¥E9se@onGOEBOﬁ@ﬁﬁéﬁaﬂmamqmmﬁry cells
(21b) into a second nonvolatile nmenory (5) when the nonvol atile nenory
devi ce (1; SE0OFSI:s CPMPELSpBAe 8. StePsvetHod according to claim 11
conprising checking validity of data stored in the second 20 nonvolatile
menory (5) and ®ECIREIEEpyi Fy datiar s or SAORWOLAELILPr st TSB! at i3 menory
cells (21a) and . in the second_nonvolatile nenory cells (21b) into the -
second noRPEPEEFEEImefor PLEBRLIEY d8fa FOHVEdat lthe BB Gfdrvol ati | e
menory (5) are not_valid, 25 13. thhod_accordin% to.claim12, wherein

checki dorfri sedP) « 2503y | HP ng Y SHoTOINAL Fe TEPePAGe BREWRM €20) into a

first state and a second state;
irreversibly prbgramming first nonvolatile memory
cells (2la) according to any one of claims 1-8;
reading the first nonvolatile memory cells (2la)
10 and éecond nonvolatile memory cells (21b) éccording o
any one of claims 9-15. |
11. Method  according to claim 10, further
comprising first copying data stored 1n the £first
nonvolatile memory cells (2la) and in - the second
15 nonvolatile memory cells {21Db) into a second
nonvolatile memory (5) Qﬁéﬁ the nonvolatile memory
device (1; 200) is first powered.
12. Method acéording to claim 11,7 comprising
checking validity- of data stored in the second
20 nonvolatile memory (&) and second copying data stored
in the first nonvolatile memory cells (2la) and in the
second nonvolatile memory cells (21b) into the second
nonvolatile memory (5), if data stored in the second
nonvolatile memory (5) are not valid.
25 13, Method according to claim 12, wherein checking

comprises:



valid state when the nonvol atile nmenory device (1; 200) is first powered,
after the first copying; reading the nonvolatile register (20) at each 5
power -on; determ ning that data stored:zin the second nonvolatile nenory (5)
are valid if the nonvolatile register (20) is in the valid state;

determ ning that data stored in the second 10 nonvol atile nenory (5) are
not valid if the nonvolatile register (20) is in a non-valid state; and
bringing the nonvolatile storage elenment (20) into the valid state if the
nonvol ati | e st oPabRIBREnBnROD@Latid g B atradmrelemert stabe. inso1a.

Nonvol ati | e nenor

supply el ef@htd (g

éacell progranmm ng device, conprising a progranm ng signa

te1 WhpTt Ghey MM IR Enl ¢ rreversi devipeodl ankPAY si gnal

(I'N"RP) to a ngnvolatile nnrétcell (21a), that iis reversibly sw tchable

bet ween a #¥r

%

t HeWehEda 2

menory cell (21%%
d

second state in*¥

SEcERE St&FE, COBYANGRat the nonvol atil e
is made not switchable between the first -state and the
HodsetPB t ReVPLeGal8i bFe91BESEr affPhg dFgn8RSRI I RP). 15.

Devi ce according to claim 14, wherein the 25 irreversible programm ng
si gnal X1 IB3¥eEcpiises an irreversible progranming current. -26-

determining that data stored in the second

nonvolatile memory (5} are wvalid if the nonvolatile

register (20} is in the valid state;

determining that data stored in the second

10 nonvolatile memory (5) are not wvalid if the nonvolatile

register (20) is in a non-valid state; and

bringing the nonvolatile storage element {20} into

the valid state if the nonvolatile storage element (20)

is in the non-valid state.

15 14. Nonvolatile memory cell programming 'dévice,

comprising a programming signal supply element (13f

13a) for applying an irreversible programming signal

(I;zpp) toO &a mnonvolatile memory cell (21a), that ié

reversibly switchable Dbetween a first state and a

20 second state, such that the nonvolatile memory cell

(21a) is made not switchable between the first state

and the second state in response to the irreversible

programming signal (Iige).

15. Device according to claim 14, wherein the

25 irreversible programming signal (I;zp) comprises an

irreversible programming current.



'16. Device according to claim15, wherein the irreversible progranm ng
current (IIRP) is in the range of 150%to 200% of a maxi num reversible
programmng current (I1) for the nogggLatile menory cell (2la). 5 17.
Nonvol atil e nmenmory cell reading device, conprising: an assessnment nodul e
(100, 110, 120, 140, 150, 160; 300-340) for assessing whether a nonvolatile
menory cell (2la, 21b) is switchable between a first 10 state and a second
state; a first operative nodule (130; 360) coupled to the assessment nodul e
(100, 110, 120,1940PeYboe 180c0B3000T3409 ferad®t ethi ni wherhdn ather st
irreversible logic, _value ("1") is associated to the nonvolatile nmenory 15
cel | (21a)**¥eveRelRbavoraorpaniagorsiua@nt (Piay) i 6sném e tthmabee bet ween
the first state and the second state; and a second operative nodule (170;
350) for %kt eéri £ tHeP%a afecBndrasieyer Seveasibdiec DBRPGLATRONG" 0") | S
associated to the nonvolatile nenory. cell (21b), if the nonvolatile nenory
cel | (21b)CY¥EreRryy f Enabi@r Hetswadnihea tiks tnanme eald t Hl®econd state. 18.
Devi ce according_ to claim 17, wherein the 25 assessnent nodule (100, 110,
120, 1§01 150, g%O)No%Bﬁb@pégg: memory cell reading_ device, o

comprising:

an assessment module (100, 110, 120, 140, 150,
160; 300-340) for assessing whether a nonvolatile
memory cell (21la, 21b) is switchablé'iéﬁwean a first

10 state and a second state;

a first operative module (130; 360) coupled to the
assessment modvle (100, 110, 120, 140, 150, 160; 300-
340) for determining that a first irreversible logic
value (*1”) is associated to the nonvolatile memory

15 cell (2la), if the nonvolatile memory cell (21ia) is not
switchable between the first state énd ‘the ‘second
state; and

a second operative module (170} 350)‘ fof
determining that a second irreversible logic wvalue

20 (*0") is associated to the nonvolatile memory cell
(21b), if the nonvolatile memory cell (21b) is
switchable between the first state and the second
state.

18. Device according to claim 17, wherein the

25 assessment module (100, 110, 12¢, 140, 150, 160}

comprises:



-27- a first reversible programm ng nodul e (100) for programm ng a first
reversible logic value ("0") in the nonvolatile nenory cell (21a,
first reading nodul e (110) operable jfﬁ_reading 5 a first read output
signal (lco) of the nonvolatile nenory cell (2l1a, 21b), follow ng
operation of the first reversible programm ng nodule (100); a first test
nodul e (120), for determ ning whether the first read output signal
isin afirst 10 relationship %&20) with a first reference signal

and a third opefatfiitsthodgreret

21b).; a
upon

. (lco)
(1RO);

e 1BOYITRBRLiREcittidiy e t HAtOWhefaBnvol ati | e

menory cell (2l1a, 21b) is,not swtchable between the first state and the
second 15 BFafEaMPinghd filrst rey@rsitg® S%malvaliu) (18" hotnj Bhethe first
relationship with the first reference signal (RO 19. Device according to

claim 18, WRBVEIACLhE MEESBESRRAt hDHRI e
further conprises:_ ,a second reversibl-e progranm ng_nodul e (140) for

t8bo, 110, 120, 140, 150,

160) 20

progranmmi ng a secéhdStevéeSBi% g te vaLdB) (operabie tHer nsao6iadi | e nénnry
cell (21a, 21b), if the first read output signal %Ico) is. in the first

rel ati chshfp *¥55Y% 1562 PHEPRE 53312} efldicehc @i

10

15

20

25

k&  PPRopiatile

memory cell (2la, 21b), following upon ope:ation of the
First reversible'programming module (100);

a first test module (120), for determining whether
the first read output signal . (Ig) is in a first
relationship (120) with a first reference signal (Igp);
andg | |

a third operative module (120, 130), for deciding
that the nonvelatile memory cell (2la, 21b) 1is not

switchable  between the first sgstate and the second

state, 1f the first read output signal (Ic) is not in

the first relationship with the first reference signal
(Iro) -

| 19. Device according to- claim 18, wherein the
assessment module (100, 110, 120, 140;. 150, - 160}
further comprises:

a second reversible programming module (140) for
programming a second reversible logic wvalue (“1") in
the nonvelatile memory cell (2la, 2ib), if the first
read output signal (Iw) 1is in the first relationship
(120) with the first reference signal (Ine};

- a second reading module {(150) operable for reading



‘a second readi ng nodul e (150) operable for reading -28- a second read out put
signal (lcl) of the nonvolatile nenory cell (2l1la, 21b), follow ng upon
operation of the second reversible Qaggranning nodul e (140); a second test
nmodul e (160), for determining -5 whethiéer a second read output signal (lcl)
isin a second relationship (160) with a second reference signal (IRl); a
fourth operative nodule (160, 170), for deciding that the nonvolatile
menory cell (2la, 21b) iis sw tchable between the first state and the second
10 state, #f SHEHecHRAdr A ped osiddnal I¢lcl 9fi $hia phevosatbhd
relationship (160) with the second reference signal (IRl) ; and a
fifth-operBEFWEY nB8ULe (£180, 2130), Goorleidiaiunpn tPReraheononfokhei | e menory
cell (21a, 21b) .is not 15 switchable between the first state and the second
state, if ERECBEcHAVCFEHAlQUPPRTraTHLES Trériei 41480 :in the second

rel ationship (160) with the second reference signal (IRl) 20. Device
accordi ng to cl @i meeEoGhertdst t heodpdeasdd$dnent Fvul deeupininy
conprises: a first reversible programm ng nodul e (300), for progranmng a
first reveV8pblar| dgfecoafusepdoortpytt ke 9nddnvidicat i I8 Hendr §eeenf (21a,

21b); a first reading nmpdul e (.310), operable for reading
relationship (160) with a second reference signal (Ig;);

a fourth operative module (160, 170), for deciding
that the mnonvolatile memory cell (21a, 21b) is
swiﬁchable ‘betwéen the first state and the second

10 state, if thé second read output signal (I¢) is in the
second relatioﬁship {(160) withrl£he second reference
signal (Iax1); and

a fifth-operative module {160, 130), for deciding
that the nonvolatile memory cell (21la, 21b) is not

15 switchable between the first state and the second
state, if the second read ouﬁﬁut signal (Ic) is no£ in
the second relationship (160) with the second reference
signal (IM)T

20. Device according tb_ claim 17, . wherein the

20 assessment module (300-340) comprises:

a first reversible programming module (300), for
programming a first reversible logic value (*0%) in the
nonvolatile memory cell (2la, 21b);

a first reading module (310), operable for reading

'25 the nonvolatile memory cell (21a, 21b) following upon

operation of the first reversible programming module



25 the nonvol atile nmenory cell (21a, 21b) foll ow ng upon operation of the
first reversible progranmm ng nodul e -29- (300) a second reversible
programm ng nodul e (320) for programgiyng a second reversible | ogic val ue
("1") in the nonvolatile menory cell (21a, 21b), after operation 5 of the
first reading nodule (310); a second reading nodule (330), operable for
readi ng the nonvol atile nenory cell (21la, 21b) follow ng upon operation of
the second r rsible programm ng nodul e (320); and 10 a conpari son nodul e
(340),,for(§§ﬁgéring output results (L1, L2) of the first readi ng nodul e
(310) and of the seco readi ng_nodul e (330), with respective reference

val ues (340). 2%. qﬁﬁﬁ LEVETERG q(???%ﬁ@ﬂﬁﬁpgmﬁ@ﬂéﬁﬁtF%?OMS a5sessnent
nodul e (300-340) further co ri ses: hird qperative_nodul e (340 350), for
deci ding PRAFTERBRENDI &5 Oé%%v?r%ﬂe(zlpglczm?lpg 6W tchaBl e bet ween
the first ate and._the second stat%_ (350); if the qutput results (L1, L2)
of the fir 9280}’%’8&1&}}@ ﬁo&lﬁ“@’i@lﬁ hntf i thtbLecBhere 8RR ABRUl e  (330)

neet tgg re p%ﬁ?née refereﬁpe val ?Sgﬂg fourth operative nodul e (340,

360) , 1r8haf SPHETHORY P_ Fil mory cell (2la, 21b) is not
fa second reading module (330), operable for
reading the nonvolatile memory cell (21a, 21b)

_ following upon operation of the second reversible
progranming module (320); and
1¢ a comparison module (340), £for comparing output
resuits (L1, L2) of the first reading module (310) and
qf the second 'reéding modﬁle (330) with respectivé
reference values (340).
21. Device accbrding to c¢laim 20, wherein the
15 assessment module (300-340) further comprises:

a third operative module (340,_‘ 350), for deciding.
that the nonvolatile memory cell (2la, 21b) is
switchable between the first state ahd the second state
(350), 1if the .output results (L1, L2) of the first

20 read’ing. module (310) and of the second reading module
(330) meet the respective reference values; and

a fourth operative module (340, 360), for deciding
that the nonvolatile memory cell (21a, 21b) is not
switchable Dbetween the first state and the second

25 state, if the output results (L1, L2) of the first

reading module (310) and of the second reading module



switchabl e between the. first state and the second 25 state, if the output
results (L1, L2) of the first reading nodule (310) and of the second
readi ng nodul e -30- (330) do not neet the respective reference val ues. 22.
Nonvol atile nenory device, conprisingsg_first nonvolatile array (3) having
a plurality of operative nonvolatile nenory cells (21a, 21b); 5
characterized in that the operative nonvolatile nenory cells (2la, 21b)

i nclude: reversible nenory cells (21b) that are switchable between a first
state and a%égco d state; and exhausted,nennrg cells (2la) that are not 10
swi t chabl e' et he@R PHE PRESt CREaFESRRATIHE SBREBRENCSt ¥EeU®83. Device

according to cl 'n1§2,v£¥rthir conpri%%n . a nonvolatiLe menory cell .
programm ng devfte "7, 3y1 Bnfigred L yCIRPFLEEREr & bF &L PF ogr anmi ng
15 si gnal éll % tolselected rfve si bl e nenni% chIs (%%b%, such that the
sel ected raVRYSIBrE! feddrieelfts %?YB?Q & ePeBhderF¥d-C5 nPBeERhaVst ed nenory
cells (21a) _in .response to the. pro mm | ectrical signal (II1RP). 24.
EEvice(acc ?%YﬂbanP%I@FW?§§,cﬁ%g?e?%f?heggag’nonvolatiIegnenDEy ce?l

DLOGLRT 10 Jeviger (T s Phek? LTS ACORL NGoLOL BTy NS0l FLELIE 1929
memory cells (21a, 21b) include:

reversible memory cells (21b) that are switchable
between a first state and a second state; and

~exhausted memory cells {(21a) that are not
10 .switchable between the first state and the second
state.

23. Device according to claim 22, further
comprising a nonvolatile memory cell programming device
(7, 13) configured to apply an irreversible programming

15 signal (Ize) to selected reversible memory cells (21b),
such that the selected reversible memory cells (21b)
are converted. into exhausted memory cells (21a) in
regsponse to the programming electrical signal'(Iﬁm).

24. Device according to claim 23, wherein the

20 nonvolatile memory cell'prog:amming device (7, 13) 1is
made according to any one of claims 19—23;%

25. Device accdrding to any one of claim 22-24,
further comprising a nonvelatile memory cell reading
device (7, 13) configured to associate a first

25 irreversible logic wvalue (*1*) first logic wvalue to

exhausted memory cells (2la) and a second irreversible



further conprising a nonvolatile nenory ceII readi ng deV|ce (7, 13)
configured to associate a first 25 irreversible logic value ("1") first

|l ogic value to exhausted nenory cell_g4(21a) and a second irreversible -31-
logic value ("0") to the reversible menory cells (21b). 26. Device according
to claim25, wherein the nonvolatile nenory cell reading device (7, 13) is
made according to any one of claims 24-28. 5 27. A system (400) conpri sing:
a proceSS|ng uni t an |nterface (440) coupled to the proce53|ng uni t

(410); and &%&nm |<“0rFén6ﬂ/ P& EHHRAG SIMAY 13 ey (A ne of

clains 22-26, co%Pled to the processing unit (410 v ) .
. Device according o claim 5, wherein the

nonvolatile memory cell reading device (7, 13) is made
accérding to any one of claims 24-28.
5 27. A gystem (400) comprising:
a processing unit (410);
an interface (440) coupled to the processing unit
(410); and
a nonvolatile memory device (1) according to any
10 one of claims 22-26, coupled to the processing unit

(410);



