METHOD" AN) DEVI'CE FOR | RREVERSI BLY PROGRAMM NG AND READI NG
NO\IVO_ATI LE MEMORY CELLS:The present invention relates- to a nethod
fOr 5 progranming a .nonvol atil e menory cell, to a nethod for reading
a nonvolatile nenory cell, to a nethod for operating. a nonvolatile
menory device, to a nonvol atile nenory cell programmi ng device, to a
nonvol atile menory tell reading device and to a nonvolatile menory _
device. 10 It is known that phase change nenory devices, as well as
nmost menory device of different types, nust include al so nonvol atile
configuration céfHRE0P,SDr DEYICF é’@&l CERBUET B Ple¥ nBREFRANM KD
device configuration information. 15Configuration cells nust have t he
sane struct %\LGW? ﬁ@%ﬁy@??‘% CERLFe it woul d be too
conplicated and costly to i-ntegrate nonvolatile cells made by
different technologies in the sane die. Hence, in phase cells nmenory

devi ces, confi g %tl gt&g a{rgre%&l%gl geié%@?l Ityo Slaorﬁg{:ﬁn f%rom of

respectl ve I’eSI S anc €S assocCl a feren
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in conf| gur at| 0 For the sake I'ng cost, - configuration:

cell's 25 shpsdghde W iddRb1dHii1Rg h8RoSP- calhed £V o Efn@ﬁhédcef'orV\af er

Sorting) process, which is carried out to test devices at wafer

| evel ; i . e. opgfaieigdiaCindgvolianeter mefleyy CesvikElergs &uhderdlighie

t enper atures during subsequent processing and information stored in .
confi gur at i memast |e=ITBprogremmt npt ddvdce pven £onpheds Byl be dedreired.
After cutting a wafer, in fact, high tenperature bonding steps may be
Tequired tocgrbwicddivgndevicensnafted pervolesniachenpaysiepiaes and
wires. In some cases, also closing packages in which dice are
encapsl®at ed mayLt ol keowonshaer abkeehearngg, mMepRiryh deayicalt eest he
content of the configuration tells. Mreover, soldering operation is
al ways requFeld £8r TSN CBENORY t eNdsRdPTof Sef E¥eRRi EYBESI caust

include also nonvolatlle configuration cells
specifically dedicated to permanently 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 technologies in the same die. Hence,
in phase cells memory devices, configuration data é.re

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

For the sake of saving cc;st, configuration cells

25 should be written during the so-called EWS (Electrical

' Wafer Sorting) process, which is carried out to’ test



During any one of the above process steps, the tenperature of the
chip may rise above about 250C for 15 quite a long tine, so that
phase change mater.i al of the configuration cells may be transforned
from anor phous to crystalline state (or vice versa, although not as
likely), and stored data may be corrnﬁréd. Configuration information
may be irreparably lost, in 20 which case the nenory devi cecoul d not
be operated any |onger. The object of the invention is to provide a
met hod for progranm ng a nonvol atile nmenory cell, a nethod for

readi ng a rRMASISEt i de mEdmsry bevel. alnet hdgfpge 2B aiper.at Howpwer,
nonvol atile_nmenory device, a nonvol atile menory cell programm ng
devi ce, a N&INASISR | | BUABKEPY @Riter edthRYy JdEFEETARETES norfIBIIAGI | e
menory devi%ﬁ% t hat overcome the above described |imtations.
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nonvol ati |l e nenor ell, a thod for 5 readi a nonvol at il e -menor
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respectively.
connections of c¢hips to contacts pads, pins and wires.

In sonit_e. cases, also closing packages in which dice are
encapsulated may involve considerable heating, which

10 may alter the céntént " of the (':orifiguration ceils.
‘Moreover, solder.ing operation is always require‘d for
connection to boards of electronic device.

During any one of the above process steps, the
temperature of the chip may rise above about 250‘;0 for

15 gquite a long time, so that phase change material of the
éonfigufation cells may be transformed from a.mo:r.‘ph(-)us
to crystalline state (orlvice versa, although not‘ as‘
likely), and stored data may e corrupte;d. .
Configﬁration 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 mgathod for
reading a nonvolatile memory c¢ell, a method for

25 operating a nonvolatile memory device, a nonvolatila

memory cell programming device, a nonvolatile memory



For .the understanding of the present invention, sonme enbodi nents.
thereof will be now descri bed, purely as non-limtative exanples,
with reference to the enclosed drawi ngs, -wherein: 15--figure 1 is a
sinplified block diagram of nonvol atike memory device according-to

one enbodi nment of the present invention; - figure 2a is a nore
detail ed bl ock diagram of a portion of the nonvolatile nenory device
of figure 1; 20 - figure 2b is a flow'Chart of a programm ng method
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the present invention; figure 7 is nor e
5 reading a nonvolatile memory cell a method “for- -
operating a nonvolatile memoryl deylcg,; a nonvolatile
meﬁéry .cell programming device, a nonvolatile memoyy'
cell reading deyicg and a nonvolatile memory devicefgre
provided, as claimed 'in claims 1, 5,-'10, 14, 17 and

16 22, fespectively. |

For the understanding of thé.;present invention;
some embodiments thereof will be now described,'pﬁrely
as non-limitative examples, with reference to the
enclosed drawings, wherein:

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

- figure 2a is a more detailled b;ock diagram of a
portion of the nonvolatile menory device of figure 1;

20 -~ figure 2b i1s 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 ‘réé.ding method

according to one embodiment of the present invention;

tailed bl ock di agram of a- ..



portion of the nonvol atide nenory device of figure 6; figure
8 is a flbwchart of a reading Method according to another enbodi ment
of the present. 10 invention;- and - figure 9 is a system depiction of
one enbodi ment of the present inventiqgn. - A phase change nenory
(PCM devine, indicated by the reference nunber -1 in figure 1,
conprises an array. 15 2 of PCMcells (here not shown); an:-
irreversible configuration nmenory 3, a reversible configuration
menory 5, a volatilge configuration nﬁm{ué 6 and a control unit, 7. The
array 2 is provided" i 1 obf afdTEDP AN HELDA LRI LIRS QRELAF 1N a
conventional .. .20 read/.programcircuit 10 ich is configured to
Store i nforlr:T%tT'% Th t&&f glexl“ﬂr}’o(??ﬁjb?é ro\é\:js]ifg’tgélﬁ@eil;evel s
respectively asso &}Igde it h ullyﬂ.@ , y & | | pe or
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material popbhensa©ofid he ndh¢S CEedSee acco%égl”e’égr-gg&ll&her
configuration nenory 3 includes a plurality of PCMcells and Is

provi deds W tlibs@ERENt iofe theWpaBde®| Luireitlacegders .11, 12 and with a
configuration read/programcircuit 13. The PCMcells of the 5

irreversi bl e confifitatd on 1@nar yodem@ethatedt Beosandisigiruat Wwre Aas
"the PCM cells of the array 2. However, at least in some.of the PCM
‘cell s of thportimverSitlee noonbl guild immemomndleyrise dét dighoeage i S
made irreversible by the configuration read/ programcircuit .10 13 as
expl ai ned | ater ornEigure Hhdsrevefsdwl eheotf i efur at immadimgoryethod
includes a plurality of PCMcells, having the sane structure as the
PCM cel | s ofCe¢Peding ayt®, amPtherpr (ﬁﬂd%‘%-ﬂﬁntth re§pedhieve PER®eRid

col um._ decoders 14, 15 and with a 15 read/programcircuit. 16.

Il he. r &b/ ptRYFRMETr &% 16 is configured to store information in a

conventional way, as the read/ programcircuit 10 coupled to_the array
> ' anot Hert SHBGUIomam & (WE 5Py AFPSCEARRL RE PRYorEpament

configuratign HRNOLY. R3"3hGeRe bR ©
B A phase change memory (PCM)} déviée, indi(éaféd b}
the reference number "1 in figure 1, compi‘ises an array -

15 2 of PCM cells {(here not shown), an irreversible
configuration' membry 3, a r_eve:—:-sible cc;ﬁfiguration
memory 5, a volatile configuration memory 6 and a
control unit 7.. The array 2 is provided w_ith row and
column decoders 8, .9 and :with a conventional

20 read/program circuit 10, which is configured to store’
information in PCM cells in form of resiéﬁance levels
respectively associated with fully amorphous, fully
crystalline or intermediate amorphous and crystalline
states of phase change material portions of the PCM

25 cells,



20 réad/ programcircuit. ' The vol atile configuration nenory 6
is of the SRAMtype and in the present enbodinent is configured as a
Cont ent Addressable Menory (CAM,; and i S used for redundancy
configuration. Dedicated addressing cizrcuits 25 18 and read/wite
circuit 19 are coupled to the volatil & configuration nmenory 6. - 6 -
Read/ programcircuits 10, 16, the configuration read/ programcircuit
13 are conmuni cably coupled to the control unit 7 via conventional

dat a bus and addgess. bus, he not shown. 5The irreversjible _
confi guration neq#ﬁﬁ yl%rei‘ffrﬁf‘g’g?aﬁﬂﬁ LgHERE LT a‘ﬂ?m%@ﬁv%ni‘%?ﬁuqef%
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not shown) .fgg@;bggb%aﬁowﬁ?dﬁ% 11is, fingsk powgiedsie copt rq!%leuni t

7 copies the content of t irreversi ble configuration nenory I nto

the 15 revefsidlaHoNid BHigREaFEBRI nemorROSHi Bhe €RIBICSE e
structure of the PCMcells of the reversible configuration nenory 5,

that may hayeriedken pachd PAsSRITY NSE StiePSarfle TarK&khed butl at er
progranm ng operation and do not affect data that are stored in . 20
'normal opeiedsioniaf ddme PCEI dihd cECMArcdliiser afil thronusotedédseible
register 20 of the control unit 7, originally in a non-valid state
(set configuration memory 3, data storage is made
irreversible by the configuration read/program circuit
10 13 as'expla:li.ned later on.

The reversible configuration memory 5 includes a
plurality of PCM cells, haifing 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 com.*entional way,
as the read/program circuit 10 coupled to the array 2.

In another embodimer;t-, the array 2_ and the

reversiblé configurat;.;i.on memory 5 share a single
20 read/program circuit.

The volatile configurétion memory & 1s of the SRAM
type and in the present embodiment is configured as a
Content Addressable Memory (CaM), and is 7used for
redundancy configuration. Dedicated addressing circuits

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

volatile configuration memory 6.



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 irreversible configuration nennl§_§ has been copied into the
reversi ble configuration nenory 5. The nonvolatile register 20 is
read at every power-on and al so provides a validity check for the 5
content of the reversible configuration nenory 5. |If after first
power-on, for any reason, the PMdevice 1 |s subject to tenperatures

abl e to crystal FFE/BREITPEM CEFFL hd Posstdi y ©6r r GRRIIREF T dtlent
O o 1e o ek L ML TR e LS X OO0, e
ML) S LA ANl ST SO, IEF B8 SRR O
' ' ' bﬁs, here not shown. |
5 . The irreversible configuration memory 3 is
programmed_oﬁce at any convenient. time,' such as lduring
EWS step, since it is ca_pa.ble of fesisting high
tempe;‘atures and is not subjected to risk of 1qosing
‘data, as explained below.

10 The PCM device 1 is then encapsulated in. a chip
packaging andvisnnwunted toc a board of an electronic
appératus (here not shown). When the PCM device 1 is
first powered, the coﬁtrol unit 7 coplies -tﬁe‘ content of
the irreversible “configuration memory 3 into the

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

20 ‘normal operation of the PCM device.

'An  intermnal, nonvolatile register 20 of the
control unit 7, originally_ in a non-valid state (set
state, 1.e. crystalline,), is bzrought 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 of the



configuration nenory 5. 15-At every subsequent power on, the
configuration data are imediately available in the reversible-
configuration menory 5 and are Copied into the volatile configuration
menory 6 for operation. The SRAM-vol atile configuration nmenory 6 is
in fact much faster than any 20 phaseschange menory. The
configuration read/programcircuit 13 operates 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 menory 3 are indicated by the referepnce nunbers. 21a,
rreversgf?lae}/snggf‘gPr%'fje%nf“aﬂ'érE’he e BEPNPESPr PR %r

21b and i ncitde’ &ac

sket ched as%gt%mﬁééﬁkéébggﬂ% %ecg§f£§£f%§{ﬁﬂi§§%_ gnd a storage

el enent 25 al’cogeni ¢ materi A“first group of PCM

cel1s 2la are senget efhr 1845 ¢e2breg Pl ook %%) By t?gaﬁo%ﬁgdex%}];}’m 5

decoders 11, 12, not shown in figure 2a, and coupled to t

confi gurati ghwéLas PaAEr &« I sHb¢ides 18 RARAUINtchdd® 3Br the
irreversible programm ng state, with which a first. logic value is

associ ated ¢odtenth blie i@mpbeetiexard bedni saeralisd fhawss, 2B/, bisock
55). "At current 10 supply outputs 13a, the configuration read/ program
circuit 13 &fieer sfippdt esowsr-iam,eviirsidlye xaagngnTihisy FOM r@ticeDy t hat
causes permanent nodification in storage elenments 25 of sel ected PCM
cells 21a (i shbiett be hempérmtfures | afdiec dtce doass illdust etheP@dcel | s
" cells and possibly corrupt - the content of the
g raversible configura[tion memory 5, at the next power-on

"

10 the register will result set ('.;'l..e‘.'“;cry.stalline) and the
c'ontrc;l unit 7 will determine that it is necessary to
copy once again the conte_nt of thej irreversible
c:onf:iguratio'n memoxry 3 into the reversible
configuration memory 5.

i5° At every subsequent power on, the configuration
-déta are immediately available in ' the reversible
configuration memory 5 and are copied into the wvolatile

- configuration memory.G for opéraf:i;n. The l'SRAM volatile
.céanfiguration memory 6 is in fact much faster than any

20 plase 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

25 memory 3 are indicated by the reference numbers 2la,

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



15'21a) 1 nanother enbodi nent, "irreversible nodification my be
achi eved by applying a progranmm ng vol t age. Unsel ected PCM
cells (fromhere on indicated as reversible PCMcells 21b) are not
affected by the irreversible progra rgng current Intp and maintain
the 20 capability of sw tching between anorphous state and
crystalline state reversible even after programm ng. A second | ogic
val ue i s associ at ed vmth reversible PCMcells 21b ("0" in the

Correlat od E6RARLEH %&p&&%ﬁ%i@ﬁ%ﬁi”ﬁﬂ (R et véeh a
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crystal | i necséagenanghtdie ol craRbphams cskat £ Wesotbé brought
irreversible .configuration .nmenory 3 is programred, the

configurati Qﬂtds eag/ pi“mgsfvaalrls(iﬁoﬂ.eu@rob’i:ailr&mmn yadde wRAhr efhidhi ta 7

converts reversible PCMcells 21b into exhausted PCMcells 2la. . 15
Exhaust ed PEMsel log2ta wlder ever sislsloeiBEMice(1ls 21h arte abkample
operative cells, i.e. cells that.are used to store neani hgful

i nf or mat i ondegeribedt r aeed algof i, i 2% eveiefbl 65pr ogkanmizngent
current Inp is higher than conventi-onal 20 programm ng current pul ses
nor nal I%/Osuﬁbppbld feptputs 13a, the conf:.gurat:.on read/program
circuit 13 then supplies an J.rrevers:.ble programming
current Iy that causes permanent modification in
storage elements 25 of selected PCM cells 21a (which
will be hereinaf.ter indicated as exhausted PCM cells
15 2la). "In another embodiment, irreversible modification
may be achleved by applying a programming voltage.
Unselected PCM cells (from here on indicated as
reversible PCM cells 21b) are not affected by the
irreversible programming current I;pe 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 PCM
cells 21b (*0* in the present embodiment).
Hence, the first and- second logic wvalues are

25 correlated to whether or not the PCM cells are

switchable between a fully crystalline state and an



reversible programmng of PCMcells (in figure 3, progranm ng current
pul ses Ipco In for bilevel .PCMcells are shown). In particular,
irreversible programmng current Inp i's in the range of 150-200% of.

t he hi ghest 25 current available for reversible progranm ng of PCM
cells of either the array 2 or the réver si bl e configuration nenory 5
(I'pi in the exanple of figure 3). For exanple, irreversible
programmng current Inp may be between 1 mA and 3 mA and is applied
for dufation of between 1fps and 100 ns. Fol Il owi ng upon irreversible
5 progranmi AYOERRYENt AThp, TEdivec taprPEN Ee| ESabe afétpetfranbarein

nodi fied so that storage ele 25 thereof are no longer in

condi ti on of*® CWB %?‘ﬁaq ras”Ethyf PH\?F?BPP? EhBEBhESs & ooFafg yin
crystalllne r|f he effegt of uppl ng. PCM ceII%21 10 with
thewreversﬂb? pog iy CGrrete P ﬁcL‘éH:cep‘?\F P %be &l t o

the wor ki ng i ndaw ofobEM.Eel S:aalhie uorki n wg?vgr o5 gdder stgod o

the gap between t e nos esl and

the I easq rgﬂé&'i@‘gi_fés@élé&a?eﬂ’tfs ggg&p repeat e%bsconvg% 6 ona

may be brought into. Ageing.is nostly cause | onal

reversibl e pepps apTa ngwﬁYéheaﬁnid@%&ﬂ&M@%&%nwﬂ% nﬂu]‘.’!{'dow
of PCMcells. Lifetine of conventional PCM<cells expires when the

residual woekjagaMiindoVststs cdngedie FUthyarmd@pBshentstdtal, the
actual resistance level of the cells can not be deternmned with

certainty, the. aesehdstdbgiand ve&lst sfade) calisno dexigdiated to
discrimnated: Similar result is suddenly obtained by applying the .
i rreversi bl eepewyitdeni PgM ceeddst I4p, whathcawsesstill switchable

10 between the fully crys.tall'j‘.'ne state and the fully
amorphous state. When the  irreversible .config;;ration
~memory 3 is programmed, the configuration read/program
circuit 13 driven by the control unit 7 converts
reversible PCM cells 21b into exhausted PCM cells 21a.

15 " Exhausted PCM cells 2la and reversible PCM cells
éib are all opérative cells, i.e. cells that are used
to store meaningful information.

As illustrated in figure 3, irreversible
programming current Iy 1s higher than convent:l.onal

20 programming current pu.lses normally supplled for
reversible pr.ogramning of PCM cells {in figure 3,
programming current pulses Ips, Ip1 for bilevel PCM cells
are shown). In particular, irreversible programming
current Ipe is in the range of 150-200% of the highest

95 current available for reversible programming of PCM

cells of either the array 2 or the reversible



25 overheating and strongly hastens the ageing process (hence the
definition of "exhausted PCmcells 21a"). The residual working
w ndow of exhausted PCM cells 2l1a is elimnated or at |east reduced
with respect to reversible PCMcells 21b to such an extent that
exhausted PCM cells 21a.and reversi ble"PCM cells 21b 5 nay be

di stingui shed by the readi ng procedure described below with reference
to figures 4 and 5. The reading procedure is carried out under the
control of the_control unit 7. In practice, PCMcells are tested on
whet her the9°%§P$H5F§ﬂOQm§$mﬁﬁb’§Mﬂ@eh15bﬂﬂébﬁm§mpéﬁl9fcfy§m%¢l3Me
state and an_anor S state. en, a logic value is associated to
read PCM cef P§, eﬁg'g'@ €on ltfﬁévﬁééaﬂeoﬁ?rpgéa{ﬂ@é{lg ICNEERRE| e iT0T e
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selecte n conventional Tea
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reference 2Bh&tidentréNnd Maendast idl eekdigden ©v¥2-changing their
state from fully amorphous to fully crystalline. |

To clarify the effect of supplying PCM célls 21

10 with the irreversible progra:mn.ing current .Imp,‘

reference will be made to the workiné window of PCM‘

cells. The working window is understood as the gap

between the most resistive set state (i.e. crystalline)

and the least resistive reset state (i.e. amorphous)

15 which a PCM cell may be brought into. Ageing is mostly

caused by répeated conventional reversible progfamning

cycles and tends to reduce the working window of PCM

cells. Lifetime of conventiomnal 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. sét”state

and reset state can no longer be discriminated. Similar

result is suddenly obtained by applying the

irreversible §rogramming current  Iigp, that causes

25 overheating and strongly hastens the ageing process

{hence the definition of “_exhausted PCM cells 21a*).



If the first read current '"Co is greater than the first reference
current Ism(output NO fromtest block 120), it is determ ned that
the selected PCMcell 21 is exhausted (process block 130), because
the attenpt to'5 store a "0" has failed and sel ected PCM cel |l 21
cannot switch to a sufficiently high.fgsistance |evel. Then, the
stored data SD associated wth the selected cell 21 has the first

| ogic value ("1"). If, instead, the first read current imis |dwer.
.- 10 than the first reference current 'RD (output YES fromtest

bl ock 120), seec r grﬁi I apmi CUET €] sent
to a selected P cezleéf/ a&l ﬁ""%ﬁ‘gggc@éagﬁ“ HE %?’ ‘gyéong'preverg'l ol e
progr ammi ng cr £§nTe1@HEﬁ§Ee&no§r 2tS U kN AeatcbRY GHHD &M Cld 21D
woul d 15 be brought into a "I ow resirstance, high current "state
(fully crysiabdidimie 1"somheeiaub] gebedibhesstn. an  exddisc selet ed
PCM cell 21 is then read again (block 150), and a second read current
lci is compaxieshisidd acgeeendsr efier esig® esveeiblid acireskibbockp160.
In 20 the event the second read current Ici is |ower than the second
‘reference audy eivd dight {(roniiptied\Oyi O trestiihyopkodé)re idegcxribed
determ ned again that the selected PCMcell 21 is exhausted (process

bl ock . 130)bebmeawseht refartaopt tbo Siguresa hldndas . f dheedreaddng

sel ect ed PCM cel
procedure 1is carried out under the control of the

control unit 7.
In practice, PCM cells are tested on Whether ‘they
10 may or may not s'wi‘t'ch between a fully crystélline staté
| ~and an amofphous "state. Then, a 'logic value 1is
associated to read PCM cells, based on'the_ result of
the test. |

Initially {figure 4), £first réversible programming

15 current pulses Iy are sent to & selected PCM cell 21 to
be read, in a process block 100. WF‘irst re%rersible
programming current pulses Iy are such that a
reversible PCM cell 21b would be brought into a high
resistance, low current state kfully amorphous, *07)

20 when subjected thereto.

The selected PCM cell 21 is then Dbiased "in
conventional reading conditions, in a processing block
110, and a first read current Ig flowing through the
selected PCM cell 21 is compared with a- first reference

2% current Igg. 1n a test block 120.



25 21 cannot switch to a sufficiently |ow resistance -13- stored
data SD associated with the selected cell 21 has the first |ogic
value ("1"). O herwi se (output YES fromtest block 160), it is
determ ned that the selected PCMcell-21 is reversible 5 (processing
bl ock 170), because it is capable of -§%it chi ng between sufficiently
spaced apart resistance levels. It is therefore determ ned that the
stored data SD associated with the selected PCMcell ha the second

|l ogic value ("0"). 10Figure 5 shows one exanple of a working w ndow
(designated as WDfothe rKéwetrsirbhd BGWreeb| Iandig hyreaexanphes e
-wor ki ng"wi ndows of exhausted PCM cells (designated as W:/ W2, W8
respecti vel ﬁ}rSFoﬁeﬁﬁéen@ergrb%t PO c(@ldtpwthéqmnfkcpmgtmndbmodﬂb is’
such that 15 the read 'currents in thel nbst resistive state and in
the | east résPirivE 3% afetarpinask f&at ooy skednetednhaaMt helli2btis
ref erence current |t m and greager: than. the second reference current -

. . Resi du&F‘ n88FkEhg (RFAG bloc}@\l Yar @eﬁéilsﬁn ddie emMefrRyIP oG il |-

t he gap en the, [ ren gurre n and the second
referenc Pﬁﬁta'lﬁg ha %ﬁlfﬁﬁ %ft? a%@Moﬁ%l%fz%h%aHHOt

followngc ons | |flrst curr | co
gr-eat er tha%w?l;u%ﬁf :%rast rseuféefr Cl@é‘t&Hr?&ﬁh %ancem Vel Then:

the stored data SD associatdd w1th the selected cell 21

I
has the first logic value (“jl”).

If, instead, the firsti read current T is lower .-

lb thar_l the first reference cillrrent Izp (output YES from

test block  120), second reversible programming current

pulses Ip are sent to a selected PCM cell 21, in a
1
process block 40. Second rex!rer'sible programming current

pulses Iy are such that a reversible PCM cell 21b would

15 be brought 'into a low res:Tstance, h:Lgh current state
(ful_ly crystalline, "‘:L") when subjected thereto

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

150), and a second read cunrent Ies is compared with a

second reference current. Iz, in a test.block -160. In

20 the event the sécond read chrrent In is lower than the
% .

second reference current IR’Q‘ {output NO from test block

160}, it is determined agairia that the selected PCM cell
21 1is exhausted (process: -block _130), because the
attempt to store a “1* has .ffailed and selected PCM cell
25 21 cannot switch to a siufficiently low resistance

level. also in this case !it is recognized that the



the second read current Ici is |lower than the second refetence
current IR, so that swtch into the | ow resi stance state can not be
recogni zed. The above descri bed PCM device is immune to the 5 risk of-
data | oss caused by high tenperature processing steps, because, on

t he one hand, exhausted PCM cel |l scan not be restored in their

original condition and, on the other ‘trand, reversible PCMcells are
not heated so nmuch. _.as to lose their phase swtching Capability. :-
10 Therefore, a PCM configuration nmenory may be integrated in the
same chip wth a conventional PCM arrag}éand may be advant ageously

programmed HeRTHY BRE SteFsspedated wikbvERSi petepiesyrentd i aes

described prevents stored data from being corrupted by high
terrperaturthQ%Fﬁé—ru%lﬁP‘éﬂP@iu%efT:Q]Z’l‘a may be anyway discrinminated,

al t hough the resj.stance | evel and e Jtesidual rkin i,ndow are
affected by stoc ilf.rfvf"i?ef SBEPY, hgafgof“hgﬁéf:o\ﬁgoﬁb?paéﬁ)ct &bl &S
because 't he i |ist f it chi i ragther_than the. 20
act ual kesi%%g%%gﬁegvxeeﬁgt cceor%l%tteo%1 ?ﬁﬁét él-lr dilf:Fe"fﬁr,Sl%le “
illustrated,.i j 6 7, re | ready: shao I

desi gnafged Ej%/ﬁ% ég%ggﬁe Pg?g}rcencl:zﬁﬁhnbgéés%%% aietga\al%evéilgcbg%igo 8f

read/ progr agGidiibiyt pEkidet GO R @1 @A el TR S A8 stance.
configuration nenory 3 (figure 6), -is controlled By a control unit
207 and conpsdSes acbaesk therefore determined that the stored data
SD associated with the selected PCH éell ha the second
logic value (“07").

10 ' Figure 5 shows one .ea-cample of a working window

| (desi:gnate-d..a'S T!;To) of a reversiblel PCM cell and three.
examples of ‘working windows of exhausted PCM cells
{(designated as W;, W., W, 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 __l.eas't resistive state are reéﬁectivelyl lower than

the first reference current Ixp and greater than the

-

second rgference current Ipi. 3esidua1 working windows
.._,wlfwa. are not wide, enough to £ill the gap between the
‘20 first reference’ cur.fent Izg and the second reference
r.:urrent Ipp and, in any case, at least one of the
following conditions is met:

the first read current Iy 18 greater than the

first reference current Ipg, OI



of sense anplifiers 215 (figure 7), each of which is connectable to
sel ected PCM cells 21 through the row decoder 11 and the colum
decoder 12 for reading. The read/programcircuit 213 further
conprises a first 5 latch-217a, a secggd | atch 217b and a | ogic
circuit 218 for each sense anplifier 215, and an output buffer

regi ster 219. The .latches 217a, 217b receive output signals
fromrespective sense anplifiers 215. Mreover, the first 10 | atches
217a directly receive an enable_signal EN, which may be generated

ei t her internal 528 nSeRETFeali®d ofiuammcsitr chit £33 Jstwemn Ehencore ol
unit 6. The second | atches 217b receive the inverted enabl e signal
EN. Hence, TRePTIht ERERTSIGR, CHITEREodpl-edE? otRAEN S¥a sk Atenpibeg i er

215 are alt rnativ.eléy sel e%t bl e, Qut puts qf the | atches 217a,
217b feed i P TFHFEETSTe GG c CBTr ROF tRe ZBFOIMiZER *are coupl ed to

t he out put buff regi r 219...7JTh ut buffer reqgister 219.is in
turn connect abl_gﬁ%eo %ﬁé‘tfgevgrsglr%ioggzg%ygn‘#efvdlﬁeatT%nq‘ Fory 55, St
irreversi bl g; i Qurag i E;’re(ggqg’sy ' # grg%gg | .
descri b?d. %ﬁq%%%! ce (32(313iﬂ§ysfh|[1 st top rgflgg?gc%ﬁ?%s'us'rlﬁg‘i on
data stor edsidpd hepbedeyer sbbl eronbheunahbon HBTRLYd ach &ads s
25 hereinafter descri bed with reference to figure 8, and t hen 1 oaded
in the revegst b QnfiBEHIONIRARY Briginal condition and, on

the other hand, reversible PCM cells are not heated so

much.. ds to lose. their phase switching capability.. .-

10 Therefore,“ a PCM configuration memory may be integrated
in th-e --sa.m'e chip with a conventional PCM array and may-
be advantageously programmed during EWS step, because
irl_'eversible programming as described preverits stored
data from being corrupted by high temperature.

15 Exhausted PCM cells 2la may be  anyway
'di_scriminated, | although the resistance level and the
residual working window are ‘affectedl by stoch_as'tic
faci:érs andﬂ are therefox_‘e unpredictable, . because the
capability of switching is tested, rather than the

20 actual resistance level.

Abcorc’iing to &ndthér embodiment, illustrated in

- figure 6 and 7, where parts already shown are
designated by the same reference numbers, in a PCM
t_ievice‘200 a fead/program circuit 213 is coupled. to the

25  irreversible configuration memory 3 (figure 6), is

controlled by a control unit 207 and comprises a Dbank



-16- Readi
control un
reversi bl e

300).. The
reading is
sense anpl

of each co

ng procedure 1S carried out under the control of the

it 7. Each selected PCMcell 21 is first subjected to

progranmi ng operation to store a "0" 5 (process block

n, each selected PCMcell 21.is read and the result of the
stored in the first latch a associated to the rel evant
i fier 215 (process block 310; only one of the | atches 217

uple is enabled by the enable 10 signal EN). Then,

sel ected PCM cell 21 are subjected to reversible programming

operation t®f sE6REe amPLifigEesS1pl ddianye) 7And eamiseqliembighr dg&d. | n

the resylt of the reaqén% Is stored in second 15 | atches
Fablss bF6

this case,
217b (proc
det er m ne
| at ches 21
| at ches 21
deter m ned
and,t,he_5

10

15

20

25

eSSt 0y FRLPEEE

th . t dipgth ti fi
SRR he€i1 o, oL EReA°PREho 7 o She AL Bc 0TS

oot/ moieebll Pebefeny 2 s MR, cPbmir S domneiniesss

latch 217a, a second latch 217b and a logic circuit 218
for each sense amplifier 215, and an output buffer
register 219.

The latches 217a, 217b receive cutput éigqals Erom
respective sense amplifiers 215. Moreover, the first
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

amplifier 215 are alternatively selectable.

outputs of the latches 217a, 217b feed into

respective logic circuits 218, which are coupled to the
outputvbuffer register 219. The output buffer register
219 is in ﬁurn connectable to the reversible
configuration memory 5.

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

hereinafter described with reference to figure 8, and

then loaded in the reversible configuration memory 5.

t he

¥k o465 tHe FBEPRIR| FREI KOW218



second logic value ("Q") is loaded in corresponding positions of the
out put buffer register 219 (process block 350). G herw se (output NO
fromthe test block 25 340), coupled PCMcells are recogni zed as

exhausted PCM cells 2l1a and the first“%ogic value (I11™)

-17- correspondi ng positions of the ot

is |loaded in

put buffer register 219

(process bl ock 360). I n anot her enbodi nent, the logic circuits
218 may - conpare the content of respective first |latches 217a 5 and

second | atches 217b, e.

by feeding their outputs into a XOR port.

: 9.
In this casBea{ing sPHRE@iHSetS t RAFTLAG e¥hpMBdepCihes| Fontrgd of
reversi ble PCM cel | 21b .if7the content of the first latch- 217a is
not the sanbEPasCTHE Doritdfit 7of the second | atch 217b (the state.of

Feading) and. s BB Aol Enat ind bohBl Aa7oC SRS S
exhaust ed PE2L pehly 2154l i L Stob gl 8 217 and g segond, fat o

217b have thé Sane content

in accordance wth an enbodi nent o

enpt's of progranm ng

the present invention s

di-fferent (15,cqal 48Dk 300) .1 &h&bQUEScIﬁO’ s8180L L4 0P & SV & 400

i1 ustrat edrefyShas 49Q MchIa Used ikl deUfey Stichsasrefon nexanp! e,
a personal digital assistant (PDA), a 20 |laptop or" portable
conputer, pesssbl VL amdhh wvirel essseapabid i tos  aheel kepPBeAL: asense
nmessagi ng device, a digital music player, a digital canera, or other
devi ces t haamphyfiler adapt etbtacguceiockst BL@; tdrdnsMcheor of eagiave

information and require permanent storage capability..

- latches 217 of each couple 1is enabled by the enable

10 signal EN).

Then, the selected PCM cell 21 are subjected to

reversible programming operation to store

a “lll

(process block'320) and subsequently zread. In this

case, the result of the reading is stored in second

15 latches 217b (process block 330}).

20

25

In test' block 34.0, the logi.c circuits 2lé
determine whether wvalues *0* are stored in the
regpective first latches 217a and vaiues “l” are stored
in the respective second latches 217b. If so (output
YES from the test block 340), it is determined that the
coupled PCM cells are reversible PCM cells 21b and the
second logic wvalue {(*0")}) is 1loaded in coxresponding
positions of the output buffér register 219 ({process
block 350). Otherwise (output NO from the tes___t block
340), coupled PCM cells are recognized as exhausted PCM

cells 21la and the first logic wvalue (*1l7) is loaded in



25System 400 may include a controller 410, an input/output (I1/0O
device 420 (e.g. a keyboard,. -18- display), the phase-change nenory
device 1, a wireless interface 440, and a RAM nenory 460, coupled to
each other via a bus 450. A battery 480 may be used to supply power
to the system 400 in one enbodi nent. 5 shoul d be noted that the.
scope of the present invention is not limted to enbodi nents having
necessarily .any O all of above |isted conponents.

Controller 410 may cqnprise,, for exanple, one O nore - ‘

mi cr opr ocesSYUTESHANGANS RGOS REs &8s ouRpdto-BwE famt Fegisties, or
the |iKke. The 1/ evice_420 may be used to generate a nessage.
The system %130% Wcﬁgéoprdligckj 38? 5s interface 440 to transmt and

recei ve nmessages.t fro i reless.co ni cation . network with a
radi o frequency%fSOa(r%ﬁ"aszir gna :d%“e&arr%lhgs%’t%ecﬁcrué'lt@sgqisnf“@%’f ade
440rrayincg,h% e i S.iran Lver, .such as-a -
"di pol e ant eénna, %Pt%g%gﬁla?ﬁgﬁécgjpf\g %$é§%§etlp‘?egs§%?¥nvg tclﬂgﬁ ?§7ﬁot

linmtedg n idd ssd@ReClat Nei0 2148 1d G day}l Cloaddy MBYe de! d;;ég;lﬁhté(i f

voltage reflecting what is 20 stored ds el'ther a digital o

digital infoidmtd OROMAOTEQY ed) , t1s 282882l 08 113 GidmliARea( Ichaginal 0g
information was stored). Finally, it is clear that nunerous

nodi fi cati ottse arshplard epddnselhyiveamadeekgibhe dew ¢eslandpt hes25 -
met hods described and i'llustrated herein, all falling within the -
scope of thehe meentenan ofas-idefiined ilatdhe 217a is not. the same as
the content of the second latch 217b'-(tﬁe state of thc;:
iO selected PCM cell has changed betwéen the first and the
second reading); and.it is determined that the coupled . .
PCM cell is an exhaustéd PCM cell 2la if the first
latch 217a and the second latch 217b i'lave tlhe. 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 devicg, a digital
misic plaver, & digital camera, or other devices that
may be a-dapted to process, store, transmit or receive
information and require permanent storage capability.

25 System 400 may include a controller 410, an

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



-19- attached clains. In particular, the invention my be exploited
to make and operate any other kind of nonvolatile nenory devices,.

bési des phase-change nenory devi ces. For exanple, resistive nenory
devi ces, such as 5 RRAM or electrolytic nmenories, ferroelettric

menori es (FeRAM, Flash and EEPROM neypries nmay be used. - 20 -
CLAIMS 1. Method for progranm ng a nonvolatile nenory cell,
conpri si ng: providing a nonvolatile nenory cell (21a), that is

reversibly switchable between a first state and a second state; and

appl yi ng anyjrreyversihbl e programmn i anal )..tg the nonvol atile
nenory cel I?J(%ga)ys ’su%hetﬁ%%sgef' ﬁcgﬂﬂéﬁg%vg?%l egr?er‘r’prjr‘grey(idelar swj(rf\éla%S,S is
made not swj,t de b&&d"?e?n&h% fiﬁftméﬁ&éﬁ @@ﬁ,tESu gcand stalg in
response to the irreversible progranmng signal’ (I'np), "wherein the

i rreversi bl gud00;a8mMaNgogd 928b ., (| M) LEERE, SAB0aMEY rﬁaeﬁéégl o
programming current, which is in the range of 150% to 200% of a

Maxi mum r evaisdiel eoPkRgr edMtng systent 466! nf Ghet RevRGAMEhAL | | ¢
menory cell (21a) and wherein the nonvolatile nenmory cells (21a) are
operatie sshmaque dorddetapplyiengcobet BE theeyeesibt eipragriamm ng
si gnal 2. Method according to claim 1, wherein applying an

i rreversi blis pragridmm eyl siqrealboding)itsohprisesnevesdeedtlivngniyher
nonvol atile nmenmory cell (21la). 3. Method for reading a nonvolatile
menory cel |allc@fpeboiveglisted compeedding (100, 110, 120, 140, 150,
160; 300-340) whether a nonvolatile menory cell (2la, 21b) is

swi t chabl e bet wéeRtaofilest Lilateaan@oBPEondiey ag¥arpee er AR AY t hat

a first logic value ("1") is assqgiated to the irreversible
nonvol ati | énqwﬁpwqocessors, digital sigmnal processors, micro-

10 controllérs, or the like.‘
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 440
may include an antenna, or a wireless transceiver, such
as a dipole antenna, although the scope of the present
invention is not limited in this respect. Als.o,__t.he
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 wvariations m.ay 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



(21a), if the nonvolatiTe menory cell (21a) is not swtchable between.
the first state and the second state (130; 360); and determ ning that
a second logic value ("0") is associated to the reversible

nonvol atile nmenmory cell (21b), if thf:ponvolatile menory cell (21b)
is switchable between the first state Znd the second state (170;

350). 4. Method according to claim3, wherein assessing conprises :
subj ecting the nonvolatile nenory cell (2la, 21b) to first reversible
programi ng operation_(100) for progranmng a first reversible |ogic

val ue (tO')atEpFled; S2aiAG- ( £70) Pl GithFol athe e LRERBEVOR e FEY( 228,
21b); d 1 i whet_h i t d t put . Si L (] i
Chh vt PEPLOERGH B0 (THAS witthl o CHEFEES, ofbY SnCEREE o s | 1
d deci di that_th | atil | 1 21b) i t
o tchabl e BePVRERHE piiEe AL | BT ERE pRE s erafiRes Tt

if the firs 0 t ;&ﬂ ( SN LAt LLSt
reIatipnshi%e&??%sihe&#i?%t.rg%efgﬁgétg?Sng%m%?¥b?Sv£%é§bt?&ﬁ? as
accor di ng t gralaidp 4e1 YOGSV IRS SRSRd M, UT FOEF o MR 1RE Smemor 2k -
if the first read output signal (leo) I1s in the first relationship

(120) with therhif str1LiR3C @BESROAMhehdRYs rElbRCLLBE. t he _
nonvol atile nenory cell (2la, 21b) to second reversibl.e programm ng
operation (140) for programm ng a second reversible |ogic val ue
("1"); second reading (150) the nonvolatile nenory cell (21a, 21b);
determ ni ng whet her a second read output signal (1Cl) is in a second
relationship (160) with a second reference signal ('RI)_.



deciding that the nonvolatile nmenory cell (21la, 21b) is switchable
between the first state and the second state (160, 170), if the
second read output signal ('el) is in the second relationship (160)
with the second reference signal (I _ ; _and deci ding that the
nonvol atil e nenory cell (2l1la, 21b) is“not sw tchabl e between the
first state and the second state, if the second read output signal
("Cl) is not in the second relationship (160) with the second
reference signal ('Rl.) 6. Method according to claim3, wherein
assessi ng conpri ses: subj ecting_the nonvol atile nenory cel
(21a, 21b) to first reversible progra .Igsbperation (300) for
programming a first reversible logic value ("0") first reading (310)
t he nonvol at. Methmbfmpxyogmmhﬁng(azmavola?t’ﬂsb)memory cell, consptibipgcti ng the
nonvol ati |l e_nenor | ] .. r.sifl r

oper at i on (grgg@}%gé ngrgllplce)ltdllge %OH/ ceﬁblta)othﬁtglg%vg'm{)lg &tcch ﬁ get@ée?x% f@mt@gnd a
("1"); ssemoatede; phdi ng (330) the nonvolatlle menory ceII (21a 21b)

and ﬁpg)mgég@gev%%%%&%\ﬁ(ﬂr m% Llé) )tt(bt?le}c'n ['/élgltllg ﬁl@lqlb Qel }%) su@lpfﬂat

of the seco _ tive re erence val ues
7. Met Hedomokblediamyryt eslle(234) nis Bladmmichabées@@@ﬁl fhg fifst ptath and thwmﬂri%@ in

deci di ﬂg%&nk% e RN A TR Mmge&ﬁere(,@é,@m%&mle @@M&%@@hﬁm

between the first state and the Second state QR . 1
resul t gorprrises ap yevgisiblerpEogrdnpaipg pustRes Whicll I3 imthe @ﬁaa f15¢%h & WaGehd MEERmNg

(330) f@&%zbk'}b%g?a%ﬁﬂ%édn’éﬁ (f,%?ﬂh@ﬂ&ﬁol\é@ﬂe WRSory@8H(21a) and whélif tRinBoldARL
the nonvolatile nmenory cell (21a, 21b) is nqat sw tchabl e between {he

first DERpR csl#fd?-%ahéfeg%%wa subpoguent (%té%)applwq% of the prgeyersibly preggangipgsignal (lie).
results (LI, L2) of the first reading (310) and of the second reading
(330) does ElOMetﬂTBtBiccd&rbﬁg t‘oﬁﬁzﬁhﬁ(ll Wwhigeili @fpBiireria erravalsibrogrammiBlg sifrat gl

f t t deyy , i Si th ti
of - pr SO B LB RNOBT AT SERTS (3 compri Sing a plur al ity

of nonvolatlle menory cells (2la, 21b), that are reversibly
swi t chabl e beWwbehfoarchdings nopvelatde meadors cdbecondiswgat e; irreversibly

progr amm ngasfsésgiﬁé (1663 q\I’Qll%,ilh@, 15@, W,%O&-?Ad) %hétgé]rg)nbnvolatile memory cell (21a, 21b)

is switchable between a first state and a second state;

determining that a first logic value (“17) is associated to the irreversible nonvolatile memory cell
(21a), if the nonvolatile memory cell (21a) is not switchable between the first state and the second state
(130; 360); and

determining that a second logic value (0"} is associated to the reversible nonvolatile memory cell
(211b), if the nonvolatile memory cell (21b) is switchable between the first state and the second state (170;
350).

4. Method according to claim 3, wherein assessing comprises :

subjecting the nonvolatile memory cell (21a, 21b) to first reversible programming operation (100)
for programming a first reversible logic value ("0");

first reading (110) the nonvolatile memory cell (21a, 21b);

determining whether a first read output signal (Ico) is in a first relationship (120) with a first
reference signal (Iro); and

deciding that the nonvolatile memory cell (21a, 21b) is not switchable between the first state and
the second state (120, 130), if the first read output signal (Igg) is not in the first relationship with the first

reference signal (Iro).

5. Method according to claim 4, wherein assessing further comprises:



- 22 - reading the first nonvolatile nenory cells (21a) and
second nonvol atile nenory cells (21b) according to any one of clains
5-9. 9. Method according to claim8, farther conprising first
copying data stored in the first nonvghatlle menory cells (2la) and
in the second nonvolatile nmenory cell$7(21b) into a second

nonvol atil e nmenory (5) when the nonvol atile nenory device (1; 200) is
first powered. 10. Method according to claim?9, conprising
checking validity of data, stored | Hﬁbe second nonval atile nenory

and second zfa‘tﬁﬁfﬁ@eadattaut§tgatlého>. 1§ ingtheefiptirglationsian (} &) 3¢ih the fﬁﬂﬁﬁ?fﬁﬂceétgpaé
(21a) &g, ubjcting tRecMThiRARMQIAdalll(ZlaTBIEPlo)edotd deSerdiRld Blogiafhing dperation

d latile. d t he second
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7. Method according to claim 6, wherein assessing further comprises:

deciding that the nonvolatile memory cell (21a, 21b) is switchable between the first state and the
second state (350), if both the results (L1, L2) of the first reading (310) and of the second reading (330)
meet the respective reference values; and

deciding that the nonvolatile memory cell (21a, 21b) is not switchable between the first state and
the second state (360), if at least one of the results (L1, L2) of the first reading (310) and of the second

reading (330) does not meet the respective reference vahes.

8. Method for operating a nonvolatile memory device, comprising the operations of:
providing a first nonvolatile memory (3) comprising a plurality of nonvolatile memory cells (21a,
21b), that are reversibly switchable between a first state and a second state;

irreversibly programming first nonvolatile memory cells (21a);
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assessnment nodul e (13, 213) for determning that a first irreversible
| ogic value ("1") is associated to the nonvolatile nenory cell (2l1la),
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(21a), that is reversibly switchable between a first state and a second state, such that the nonvolatile
memory cell (2la) is made not switchable between the first state and the second state in response to the
irreversible programming signal (Ijrp), wherein the irreversible programming signal (I;zp) comprises an
irreversible programming current, which is in the range of 150% to 200% of a maximum reversible
programming current (I,) for the nonvolatile memory cell (21a) and wherein the nonvolatile memory cells

(21a) are operative subsequent to the applying of the irreversible programming signal (Ijge).

13. Nonvolatile memory cell reading device, comprising:
an assessment module (13, 213) for assessing whether a nonvolatile memory cell (21a, 21b} is

switchable between a first state and a second state;
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programming a first reversible logic value ("0") in the nonvolatile
menory cell (2la, 21b); a first reading nodul e (215, 217a,
217b), operable for reading the nonvo gtlle menory cell (2la, 21b)
fol | owi ng upon operation of the first“Feversible programing nodul e
(300); a second reversible programm ng nodul e (320) for
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15. Device according to claim 14, wherein the assessment module (13) further comprises:

a second reversible programming module (140) for programming a second reversible logic value
{"1") in the nonvolatile memory cell (21a, 21b) if the first read output signal (Ico) is in the first
relationship (120} with the first reference signal (Irg);

a second reading module (150) operable for reading a second read output signal (Ic;) of the
nonvolatile memory cell (21a, 21b), following upon operation of the second reversible programming
module (140);

a second test module (160), for determining whether a second read output signal (Ir;) isin a
second relationship (160) with a second reference signal (Iy,);

a fourth operative module (160, 170), for deciding that the nonvolatile memory cell (21a, 21b) is
switchable between the first state and the second state, if the second read output signal (I,) is in the
second relationship (160) with the second reference signal (Ig,); and

a fifth-operative module (160, 130), for deciding that the nonvolatile memory cell (21a, 21b) is
not switchable between the first state and the second state, if the second read output signal (Ic;) is not in

the second relationship (160) with the second reference signal (I)).

16. Device according to claim 13, wherein the assessment module (213) comprises:



a nonvolatile nenory cell programm ng device (7, 13) configured to
apply an irreversible programm ng signal (LRp) to selected reversible
menory cells (21b), such that the selected reversible nenory cells
(21b) are converted into exhausted negpry cells (21a) in response to
the progranm ng el ectrical signal (Inp) , wherein the irreversible
progranm ng signal (LRp) conprises an irreversible progranm ng
current, which is in the range of 150%to 200% of a maxi mum
reversi bl e

t th olatile ry cel
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coupl e@lug? lbh’@llwi@gm@g iopgationiof the s}s];@‘)d reversible programming module (320); and
a comparison module (218) , for comparing output results (L1, L2) of the first reading module

(310) and of the second reading module (330) with respective reference values (340).

17. Device according to claim 16, wherein the assessment module (213) further comprises:

a third operative module (340, 350), for deciding that the nonvolatile memory cell (21a, 21b) is
switchable between the first state and the second state (350), if the output results (L1, L2) of the first
reading 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 between the first state and the second state, if the output results (L1, L2) of the first reading

module (310) and of the second reading module (330) do not meet the respective reference values.

18. Nonvolatile memory device, comprising a first nonvolatile array (3) having a plurality of
operative nonvolatile memory cells (21a, 21b);

characterized in that the operative nonvolatile memory cells (21a, 21b) include:

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

exhausted memory cells (21a) that are not switchable between the first state and the second state;
and

a nonvolatile memory cell programming device (7, 13) configured to apply an irreversible
programming signal (Iirp} to selected reversible memory cells (21b), such that the selected reversible
memory cells (21b) are converted into exhausted memory cells (21a) in response to the programming
electrical signal (Iirp) , wherein the irreversible programming signal ([jzp) comprises an irreversible
programming current, which is in the range of 150% to 200% of a maximum reversible programming
current (I;) for the nonvolatile memory cell (21a) and wherein the nonvolatile memory cells (21a) are

operative subsequent to the applying of the irreversible programming signal (Iigp).

19. Device according to claim 18, wherein the nonvolatile memory cell programming device (7,

13) is made according to any one of claims 15-18.
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20. Device according to any one of claim 18 or 19, further comprising a nonvolatile memory cell
reading device (7, 13} configured to associate a first irreversible logic value ("1") first logic value to

exhausted memory cells (21a) and a second irreversible logic value ("0") to the reversible memory cells
(210b).

21. A system (400} comprising:

a processing unit (410);

an interface (440) coupled to the processing unit (410); and

a nonvolatile memory device (1) according to any one of claims 18, 19, and 20, coupled to the

processing unit (410).



