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WD 2006/ 126110 PCT/ | B2006/ 051406 1 ANTI - FUSE MEMORY
DEVI CE The invention relates generally to a

non-vol atil e programabl e nenory device and, nore
particularly, to a One Tine Programmable (OIP) nenor
WO P0643681% et hod of manufacturing same. 5 ThEM2006051406
an increasing demand for cost-leffective nenory nodul es
whi ch offer the advantage of reduced size, inproved
storage capacity, and extrenely long retention tinme.
Resi st ance- based nenory devices are an attractive
option for such nenories. A resistance- based nmenory
nodul e nmay be, for e ogramabl e gate
array (FPGA) or a 1§§%¥%8§%ﬁ§% eﬁggg% only nenory
(PROM, anong others. Each nenory cell in a

resi stance- based nenory nodul e conprises a resistive

menpry ¢ %@Bﬁﬁ,@ﬁﬁm rélu}%lé‘ Srall ?6 a ﬁ Ltﬁe l%g{a&iﬁffable%
anti-fuse & 1 esr st afce VAl ue o B nmenor

devége dod, oam ]bﬂ.llj}mlll@ﬁbi toa Dee Tinad Emgmein}abhl(@ﬂ?) minoty cell and a
%&&ﬁ%%a1eﬁ a Io |c bit value of "0, or relatively

B ol e to a logic bit value of "1'.

The reS|stance of a selected menory cell can be

determ ned by 15 applying a voltage to the nenory cel

and neasuring the current that flows through it. One

Ti me  Pr ogmariail Belefditg) detahdl forcas- eﬁectbib wxa:myrmdduled which offer

e t he not |ose the stored i rmat i
3196 5 el S PR S Pt PP SRR ention time
Reﬁgtaﬁéamaiehendd&pﬂmﬁeb e aRQtRkfwARpLibe fo? BadN iBemories. A resistance-
re-progranmng. The .infornmati can be ased b%EP
baged memgryAppduempybe, ﬁﬁmplﬁfaeﬁ%ﬁpmssﬂﬁe%a lfgate array (FPGA) or a
feh %em Sthéeb BABh mERbryZR11 -
l:’exarrpl é’% us %@%ent Ol% 6 descri bIens ary?‘rritgrmnllrareSIStance
besell MeRRTCROGWR sQTRRsISesR we&meﬁ’@em% RoTBRREARL HGH 2% fQFcﬂX?’B@’é a fuse
oPLEAKAR Tﬁﬁf&’iﬁ’tﬁﬁ&tmﬁxb e Je%é?ﬁd?% cerba%et;&efgmea fo be

mat eri a are in contact wth each other.
rel4tivelydngh; yhish ttanglates to aegipbis yrlumefsd's wr Tobatixely dasy, Véuch translates
l>

1 £t s of e Buisilel BB e ARk S LRSS abfiined by
afiilying e wokaga to tha owewryeelliand meassing ﬂietmeentélm 8%{5 threughfit.

t he heati

conponen#ﬂggﬁgg?&gg %ﬂﬁé«?ﬂﬁ§%ﬁﬁ%$ég I'n tenp raceih%”h
naidose! the stored infbrmatldm whert thg netriogndayiceas mnhugm suppded with power,

ol o BeRicee sl R P rpBRly Tl RRARRRD bo emsed

by &siting an eﬁlsOMaﬁilﬁffﬂEnmyyesctﬁ Inbn—wialnle ﬁH&’Smérmrg celis\aed known. For

eyt(a%gie, US Patent No. 6,737,686 describes a memory cell which includes a heating

component and a voltage breakdown component (in the form of an exothermic material) that
are in contact with each other. When the memory cell is to be programmed with a desired
logical bit value, a voltage is applied across the memory cell causing a current to pass
through it. This current causes an increase in the temperature of the heating component. If the
voltage breakdown component is a fuse, then this increase in temperature accelerates the
disintegration of a conductive pathway provided by the voltage breakdown component. When
a conductive pathway disintegrates, the resistance of the memory cell increases to a level that

represents a desired logical bit value. If the voltage breakdown component is an anti-fuse,
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represents a desired logical bit value. If the voltage
br eakdown conponent is an anti-fuse, WO 2006/ 126110

PCT/ 1 B2006/ 051406 2 then the increase in tenperature
may accel erate the formation of a conductive hwa

VR 20468261 t age br eakdown conponent. HoweverP T’W@O‘lﬁg@‘m“
of a heating conmponent to accélerate the exothermc

reaction of an alread oth rmj c materi al
the the dRpSFase D AFRRREFIS Ay 460 %ﬁa Hhedprmadn g ?qu‘a%ega pray in the

vdlakd bredlidoivh cbRpsRhOr € an obj ect of the present
invention to provide a non-volatile progranmable

menory cEomeye, thppserof o heatipg|comgenct o aRerRIRC thesmpthermic reaction

ofjaﬁieaﬁe{@texoﬂh&:ﬂlé fi8lefial ve dPadversP errlcP bABr 18Hg-@fn stability of
exothermc material and in which a heating conponent

thgeelt not need to be enployed. In accordance with the
present invention, there is provided a nmethod of
manufacturing a non-volatile nenory cell having at
| east two termnals progrannable by applying a

vol tage @G . unlat

fosi ot an i ERBAIEH ik Bt B ohedf ifiBudd S BRNER e volasle
pmgmnmtahlecmoep calbiarwhadgh ﬂzevmifagabrfehkchbmlelngpm‘adloeb not, incitself, need

t.0 S r.elativel y.| ow tance represent at
toR 15 8 Hercif i iy P s AR ikt ieba o
bd displegedp of forn1ng a stack conpr|3|ng a plurality of

| ayers o Iud|n a first |ayer .of

conduct | desmEa it EseBEindo e Riroudinamenetor
meRifRdirdg avohvositileniehorgloell RbAipd: idast twbBdriraRl programmable by

therebet \Aeggcrgsl%glﬁ o gaﬁ.gpod Gl ré?igtgxrécie%qﬁeoffromaﬁrst

reﬂdi!ﬁéﬂ'yqﬁ MEsidiRice [’dp%seﬂiﬁiv@ @f & AR Idg{bal bit RueAP Blstdoall) reltiedy low
said voltage to said cell causes a localized

resﬁ@ﬁ%demweeqaﬁgeaﬂrf& seepod logical bit valye the method qomppiging the; strpyof
foRAHRTal sBick eorhmsug £fufity o?@dyeﬁtolfﬁﬁte%ar ﬁczﬁmﬁ & iR cr of

second | ayers of conducCtive material such that t

conepgtive magariabangdya sseang layiepefaopdustivemasrelovith dleyd of aisulatwe
miafdfib! tﬁéréﬁé?m%jeﬁ}/s%fd deBnldi BARR LA MR REMFiSn£GEIE B mpound, said

reaction erebetween so as to _generate sufficient
lagereat dpysulativesapterial being seshdhat thyeapplication of seidgioltage tpsaidicelcauses a

loga'?hzgé)rmteh%wgfof Ng H%{Jl Jraﬁ{ce §th8(f1 ﬁﬁfﬁ oa{'p?lﬁ @:ﬂ:cgt Sof

e a st abl C|rcu’t etmeen sal n1na
schevting eidi Gt aridssecandilayerrd gomfuctie roateriarorch that e hﬁea‘@mated by said

B P PV A 88 G s
thesbetweercsond e gemgztel saffenient erreggyhin ghitl gell tvaohamgelthe siatabf a; leasta
p(l)r?mn of one of said layers of said stack and create a stable short circuit between said
terminals and reduce the resistance of said memory cell from said first, relatively high
resistance to said second, relatively low resistance.

Both the first and second conducting layers are highly thermally stable in
themselves and can be made to react exothermically with each other to amplify the energy
within the cell to a desired level. This is achieved by the chemical energy generated as a
result of the exothermic reaction, which is dependent on the difference in Gibbs Free Energy
between the materials of the first and second conductive layers.

The second conductive material is beneficially a stable compound and, more
particularly, a stable oxide, such as RuQ,, In,O3, NiO, ZnO, Ag,O and IrO;. In this case, the
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t hensel ves and can be made to react exothermcally

with each other to anplify the energy 30 within the
cell to a desired level. This is achieved by the

chem cal energy generated as a result of the

WOFHERHIE reaction, which i s dependent on t ReT/IB2006/051406

difference in G bbs Free Enerdy between the materials

of the first and second ¢ ndu tive ers ond

me%%ﬁ% LBt BRI o SesBE TPl aKy oL SERbYUNe SRp ST tve
Jor 4 Mir@ maRAAl uEi/hsai loy thediks I EHRIfRst @¥hdiRtiveslafeh na§ cblup¥se one

n203, N Q ZnO, Ag20 and Ir02. In this case, the WO
O?B%Piébﬂ@ asigbe B¥1406 3 insul ative |ayer may

be a nat iy£ffE e:ﬁﬂﬁﬂrh@ﬂtl 26 2B, ofmeleﬂeme{m@cm@l re@.éudnhﬁtween
first conductive layer, or a third material such

the;firss and #pe0nd deadhuctine l2yes.ca shers ichieated hetagp die irskand second layers.
I
%k%fn?ﬁve%?)odﬂﬁenﬁg 1%/39 bt aﬁéorph?gé gbﬁ‘aﬁa?é %}gfé{iﬁ erﬁeﬁr%e provided

rst enb \ r esul
batwernttbe terminglhowhichnis selecierd sugh thettheeratgy genetatedfin thecelharp result

oF ARG ISkt i 9o et

clepouiatedal} thelaby ay:ﬁmgafshmmrqm@’quah tederotigatge nat eri al
may be p % enl‘]'i n}vgzﬁtm%%gtc}n&s 10 a%r(.){irI JEﬂ% dnéli\@&rf ﬁeﬂ ﬁavmg at least

sel ect ed energy genera
tvwo temsinls, and)bemglprogmtmwhympplymgmwﬂmgadmweenmmdwmmh SO as

e B RSB Do SRR Tt TP BB o o

1ogeamm\|ai1& t? 41Qecbhe rﬂ&@&lﬁﬂ}bwl Bitinick @@rﬁxﬁtﬂﬂfé&f t@ecend logical bit
on-vQl atile ce avi n
vilae, i memonycell compHEgE? ggagwﬁg)giplgg Byﬁg%ﬁy 9{ Ifgers,of material

inéRidin@ ASirk 9AyePENcosidictivé Rattiniddosted witha%ecoh@ 1@bﬂmnddaﬁve
resi stance thereof froma first, rel

maesip Ly ihanein At ve SRt therebetwenn, sid seoend cop *gq %\fna P?l comprising a

1Rt ¢ ﬁ?é\maeﬁﬁ’é}éin tKedpphida¥ibh ¥f slaf&"(rdltﬁ@ olsaid €61l causes a localized
representative of a second |logical brt value,

bwelfﬁsvw of g3l inswlaiiye layarpald Tastand seondloyes ﬁﬁc%dﬁéﬂtwﬁ afraiteeﬁl being

| sé?éctégasﬁﬁ{ Matthe ABL &4tad bylaid BEdEL Pla@olvh of baid A¥@AGR ayer

conductive material coated with a second | ayer of .
initéntesnnerothermigehsmical repgtion thgsehereagn s ps/le gengrip sufficient energy in

satlé] Séllelg %Il?ﬁ%@ the sﬁﬁ’é & cﬁglﬁﬁglq:o BEIHGH b leg?tta%{ohﬁln of one of said layers

conprisin transition co ound wherein t
ofsapd ¢eland omatofa shert eiropis betaugen said tophials ahd redm@ébereastance of said

oH58] e BEEAE Al 9 A €Sl 38
rﬁfstaﬁoet.ed such t hat the heat created by said |ocalized
br eakdo of sai.d insul a r_20 :
exot her mbeeraR e et ey b o Bitplolh Yo Bofising »
n@aivey llas defifed abertdepuséediyn a Mia comiedted & 4 separatepagyanmitsc
state or che on of .at | east a portion of

register, programma ﬁg%@elilgg sW1 nPC?lSOI' other circuitry.

The present invention extends further to a memory element comprising a

memory cell as defined above deposited on a via connected to a memory device comprising

an array of such memory elements connected between select, row and column voltage lines

(often referred to as a crossover or a crossbar structure with no selection element in a cell.
The present invention extends further to a memory element comprising a

memory cell as defined above deposited on a via connected to a transistor, diode or other
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of said cell and create a short circuit between said
termnals and reduce the resistance of said nenory
cell fromsaid first, relatively high, resistance to
sai d second, relatively |low resi stance. 25 The .
BPe¥ALShvent i on extends further to a menor JCETEMe{p1406
conprising a nenory cell as defined above deposited
.0n a via cqnnected tp a separate programpbl e
bipalgs deyisp, ang o5 TSR A9KIos OB MEATIAERY OhiIChjsmory elements
cotthéctadi Hefween T8t F6R 280 boliAM 9Bkdg@Nin@xt ends further to a
menory el enent conprising a nenory cell as defined
above deposited on a via connected to a nenory device
conprising 30 an array of such nenory el enents
connect ed between sel ect, row and col um_voltage |ines
(of t en r &hese padiother agpects of thegespainyntian witbkeapgarent from, and

eldidHed WHiErefirdlde RO t&%%gé&?ts%eﬁ%éq hdréln@ cell. The

present 1 nvention exten urtner 0o a nenor el enent

conpr i si Bybadimepinof the pedsént dnyveniadn willhondwdesaibpdly weayjof

=Jfpls $o8 piE VBRI Pl Pk H S e i, " 0

to a mendbigy. etoi idkare sehemiatic oyssasectionabiflusifationsodf archericylly
o< R FrrBanors o g Ol EY a e Pl B finbf gt B prosns

inperedoeNt i nvention will be apparent from and
el uci dated w [ ference..to, the.e di.nent s .
descr | belEarb RS HRSRTHR Post SRl it ot asbrpicaly
aswisted filz® forRandas ¢ célbRAoidihgBy sédond exehifidre smbodimedtad the present
.Wth reference to the acconpanying draw ngs, in which:
. ™ 1A to ID are schematic cross-sectiona
i 11 ust r akigemAe BDare R8BSR dryss-sddlionad Sihgtasonk @S & cheddically
memory cell according to a first exenplar enbod}nent
asgigted ffise Kradugpory cell, RerdEs;to pithjed exssapﬁ% %@y%@nt of the present
n&liepRt i ¢ cross-sectional illustrations of a

chemcally assisted fuse for a nenorﬁgceLl accordin%
to a secEis YO aeychsmtie piosntectignat Wastrtigasgfta chemically

askiINE Risk Bdba ntetndry 9811 acdthe3Pa %Lﬁthse%%ﬁigfr% dmbodiment of the present

_cross-sectional “illustrations of a c cally
mgeso8t ed fuse for a nmenory cell according to a third

exenpl ar ls‘ig? W@Qéeﬂ&ﬂﬁﬁc%osﬁ-@@ctﬁﬁeﬁm of d ﬂ&ﬁ&]}icgﬁ] including the
chemically assisted fuse of Figs. 2A to 2D; and

Fig. 6 is a schematic circuit diagram of a memory array including a plurality of
memory cells of Fig. 5.

Thus, the present invention provides a non-volatile memory cell in the form of
a stack comprising, generally, first and second layers of conductive material with a layer of
isolating material, in the form of an anti-fuse therebetween. Both conducting layers are
highly thermally stable in themselves, but can be made to react exothermically with each
other to amplify the energy required to short the anti-fuse and decrease the resistance of the
cell to represent a desired logical bit value.

Spontaneous reactions often have

- a negative enthalpy (release of heat energy, AH <0)
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Figs. 4A to 4D are schematic cross-secti onal
illustrations of a chemcally assisted fuse for a
menory cell according to a fourth exenplary embodi ment
of the present 20 invention; Fig. 5is a schematlc
W?&%"é’%‘gﬁ"u onal view of a nmenory cell includfGtEpYE/0s1406
chenmically assisted fuse of Fbgs. 2Ato 2D, and Fig. 6

is a schenptic circuit diagram.of a arra
- 1 mcl udi ng ROTSPSA PFRpY Sorere b Apordeh AS 81 Fi g B, 25

Thus, thg RhESRIMS, tH\EsttinRly B PihéiRE apdafito WRbRkithe
menory cell in the formof a stack conpri si ng

th@‘@ﬁ’éw‘ipmp?rﬂg& cnthlpy Ao FEFEETBIOTe: SoatABEqUY geactions are
U oWl irPerleARE tePths, A6 B 1o VAl 8 1dvir ondeby ddifent than

pr” an anti-fUSe therebetween. Both conductTng
th ipjtéal statgr GibBocdmegin with reequation, cornbining bpfh epthalpy and engropy

t {

wﬁtfi?gﬁ@ﬂ[%@%ndﬁ??eys ReBE gL BEE T Gahnt el BDoRRE means o
evalmaie-ﬂﬁwentam‘ityabé areeten When tha @mmr:hang@ Thee¢niergygontents

oS FRERL BritE e Gl B9k ey bl i Bt bR POORUS Eperey
equetidn: energy, AH <0) WO 2006/ 126110 PCT/ |1 B2006/ 051406

5 an increase in entropy (increase in disorder, AS >0)

In other words, the spontaneity of a reaction appears

t o i nvol ge=Hwor *isher nrodynam ¢ properties: enthal py and

entropy. Furthernore, spontaneous reactions are those

that go downhill in energetic terns, i.e. the final

st at e haghefrboMRfgyITalsGhstm08ERAls stok@ihedt dnbRyinfihis iaherent
state. G bbs cane up vvlth an eqguati on, o,{:rb tg‘?’n%’@both
Iribg fe

diggrder dimesy tegpngraipediste Hiomitangy iineropy anck gratgyre in

K@ﬁﬁnﬁl Jp?h&aﬁﬁ fo th@plegm Bi¥eitoR! BO teadtitt shhad 6hQoBe1R aPRRGSely
eval uate the spontaneity of a reaction when that

hléh@ﬁwa%‘?ﬁ bﬁﬁoreﬁme@nbpﬁ@reﬁﬂsw cRfiedht s of a

subst ancg, ihg nheLHBGe hidfos Ao fiiSReREhEAtiBR Ghd degree of
defined by the G bbs Free Energy equat i on: 10 GGH T*S )
exothermal reactivity between the two layers of conductive material is based on the chemical

energy generated from a difference in Gibbs Free Energy between the different materials, and
the idea in this case is to use chemical energy to amplify the energy required to short an anti-
fuse for a One Time Programmable (OTP) memory. An additional advantage of this approach
is that size of the selection transistor can be minimized.

Referring to Fig. 1a of the drawings, a memory cell 10 according to a first
exemplary embodiment of the present invention comprises a layer 12 of Aluminium (Al)
which is coated (by, for example, reactive sputtering or metalorganic chemical vapour
deposition) with a RuQ; (Ruthenium dioxide) film 14. A very thin (1-2 nm) native A,O3
layer 16 is formed automatically and prevents a short between the aluminium and RuO,
layers 12,14. Thus, the resulting cell has a relatively very high resistance, which represents a
logical bit value “0”. In an alternative, preferred embodiment, however, the insulative layer
16 is beneficially a deposited or thermally grown, high quality dielectric (oxide or nitride).

In order to program the cell 10, a small voltage (e.g. 2V) is applied across the
cell, which results in a localized break-down of the aluminium oxide layer 16. Thus, a short
is created between the aluminium and RuQ, layers 12, 14, which results in a local “hotspot”

18, as shown in Fig. 26. This local hotspot 18 sets off an exothermic chemical reaction
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The free energy of a substance equals stored heat
energy mnus inherent disorder tinmes tenperature,
mhere His enthalpy, Sis entropy and T is the

nggrature in 15 Kelvin. In application to the 106051406
‘%Pé H#61thvent i on, the reaction shoul d only BetH%¢
relatively high tenperatures$ i.e. sone activation

barri er needs t.0 .n the volatlle
baREE P TPty Byesh LG i syl b Ve ol fon g e cell. By
ca@fﬂfjs@l@dt&tlm' of@a?ﬁémesl Ryopgl i&ﬁgs’laﬂdm audmoﬂ @cﬂ:@? elafnents it is
conducti ve nateri on th ca
pogeble f:erefe p shast Jp @FF rg?q WA I ﬂ@%ggf the
ArREInRE Shb BRa 90 fWHefeaRd hdiRbBhé é‘:lo‘ihenﬁi%@ea%ﬁoﬁ &%ui'sdﬁﬁoff the oxygen

this case is to use chem cal energy taq anpllfy t he

at@ns;ﬁgtp theRyPxlaverdd %@Pﬁl&: Ingier 1 repgiyathrth alyminipan 1y the area 22
tole C getpuarsiel %&Q-Fr B)ocﬁgmfglm, ik cﬁg&ﬂchbé)ﬁﬁimrﬁ&)é%toigzﬁh&fmde

I'S approac I Zze of the selection
theneqlh %‘h@temam&bnorh?m%nw is prrtdBgtivieniy in djrect ¢pntapt g theredges

with e 5AVR % i %%8%11”“] 2, oPﬁt filabe 260 RGEREAL, 'Egag 13 cfeald thé lesired

Exenp he ‘present 1 Rvention
shodnforthis ey, telatively kv whistahagrsimétunnig ekeated, pdiohtis wehrepantative of a

TRl SR S P AN B e
scb&ﬂiti‘cemd lshnpﬂ:[ﬁe& rquﬁerftatiqm of the uhe\tesuy of thie extlieriqmejction within
i e R P b
erhﬁidﬁﬁ@lts]simﬂld noilbuisgen id1ﬁn1hﬂ§ wiith Iré@rd:te lthe diffisrest pathways the reaction
s goeset ot Flotositu R na St 58, PP B afparent oo

pRETRQHIIEE B the ROIRY REult ATRE theReddliae is widord Rty todf a]tﬁg frBess™ with

beneficially a deposited or th
stpplLaricjes o BRSBE (D> GBS HieT 2o %eﬁg s ol Sprguctive path
fBQ8H RPokth8. IEter WordsPnot BHllylthe/Slytk@0Rorh€meve B hlsb the Al and Ru
applied across the cell, which'results in a |ocalized

atgmgak- down of the al umi ni um oxi de | ayer 16. Thus, a

short g, %%ﬁér%m?%ﬁﬂ%%eﬁﬂﬁuﬁa&é@ﬂﬂgm 204 7 Ahe drawmgs

| ayers 12, 14 iCh results in a | ocal hotspot

thaskl dayeuis replaced by a bayer 2fpfen alginumEilepsAlAg) @@D’ST]BWW%\%‘ a

I
oS Ha st L0 e B, e bl {3, A badpbin alooalized
blieakdom of e AN Q@3 laprilf, theselyy @c@ﬁga@ﬁtﬁmtdﬂ itrhach sets offfpa exothermic

re%. n beﬁyee rt&rB galarl {qsell4ef§ ﬁ 28 Zﬁgﬂsé | of tﬂ%%%géﬂ atoms in the

oS anad ioh 0O ement s,
Rp@sktydﬂ'l 16 and ﬂmrﬁels(ﬁadaméﬁmam Wibh thhelue:mamplneﬂmshﬁdmg laygn @8 to form

< Bl s 2 A nedneBfve AL Ritad 58 DGR b 100w s
redt¥elydow adsistanbe, tnﬂlﬁ:hd.x;egmnenﬁam ofiz logicalbit vadueRIT2 | ayer

tl ﬁ e ag:ﬂ e;'i@zﬂ ZeOa%prem)ét%(ri th%? 1{118571 I%tjusWone statbli]e m@tlafjom@e tHe{pxé fitable

for use in the embodiment(s) described above and examples of other suitable compounds
include doped Iny03, NiO, ZnO, AgyO and IrO,. It will be further appreciated that the Al

Jayer can be replaced by any other suitable conductive, metallic layer, whether an alloy or

otherwise. Further, although the conductive stable metal oxides referred to above are
considered particularly suitable for use in a non-volatile programmable memory cell

according to an exemplary embodiment of the invention, it is envisaged that other conductive
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to create a central isolating block of A1203, with
conductive Al portions 24 on either side thereof. The
remai ni ng Ru portion 26, which is conductive, is in
direct contact at the edges wth the renmaining Al
WOPWHAEID 4 which are al so conductive, so abtYBR006/051406
create the desired short. In7this vvay arelatively

| ow resj st ance st ucture is create
oG 81 SEbIE TR PR L b Selely of e i g resent
mwﬁmﬁ.etﬂusleiemh@gmmg l\ydtc aambl fldcetxed 4t &dest hat thls

is a ver schematic, and _sinplified repres tat|

the. t 1 ue ReEEE0 B1Est Hb WolTh ih Braes TR Sk PEmPR o En)
%@rlycda%hlmﬂ#%lm@ztﬁyer . Q0@ oRBe e RCEVFis dtaé}sSS the cell

lustration of the exenplary enbodi nents s

1(b-%9 adeppusea jocalized hrgakdowm of gahleDx layver A6 apgd ¢reals a h?tspot 28, which
O&Qta?éﬂﬁile?s &t Bn 5)ﬁﬁfehhﬁrfeacﬁ§i¥ b%@&ﬁﬁgt\ﬂﬂgyé@ﬂ B, rl@d a fé?\h{, the

tructure that may occur. In fact, as wl

stagisensisis of aolayer ﬁs op&n deneddnaOs) wlhich i aptel-lmown cﬂm@mw% with
a %&%re% diRe gzai‘l: tThg ('i;:il(blz) lgfe'i‘ %’6 Hgg gla %jlf;z‘%% &iha thik eﬁle@?ncrease the

srral parti every and
In($u)rad]ndsmnRu part| cles forma conductive path fromtop

{0 DOt O b W0k R a8lies! MfenHARLBRATRAN 10

move but “SF at ons e exenpl a
aceofdingj tugeﬁanoﬂhbmmhacbmbmdﬁneys of tﬁﬂpltesnnﬁmvcxiuon leemprises an

<SP 9 o St A T 43, MG 555 i A FUED, B 165
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heating of a similar amorphous phase change layer 36 would achieve the same result, but

would require a much larger selection transistor.

Referring to Figs. 5 and 6 of the drawings, in a non-volatile memory cell 10
according to an exemplary embodiment of the invention, the chemically-assisted fuse 10 (in
this case, as described with reference to Figs. 2A to 2D) is simply deposited on top of a via
40 connected to a transistor 42, wherein the RuQ, layer 14 is connected (via line 44) to the

column lines 46 of a memory array 48, the transistor gate G is connected (via line 50) to the
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the first and second conductive layers (12, 14) being selected accordingly.

3. A method according to claim 1, wherein said second conductive material (14) is a

stable oxide.

4. A method according to claim 3, wherein said second conductive material (14)

comprises Ru0,, In,03, NiO, ZnO, Az, O or IrOs,.



term nal s programuabl e by applying a voltage across
said termnals so as to change the resistance thereof
froma first, relatively high resistance
representatlve of a first logical bit value to a
second, relatively |ow resist@nce representative of a
second | ogi cal bit value, the nethod conpr|5|ng t he
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con ctive material with a layer (16) of insulative

mgtgHidy i al t her ebet ween said second conductive materi al
(14) conprising a stable conpound, said | ayer (16) of
insulative material being such that the application
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breakdown of said insulative |ayer (16), the nethod

One (OF {HEF eER™pri sing the step of selecting said first
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accordlng to . claim1l1, wherein the chem ca
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mateniglu88) therebpymating aﬁhorﬂdquultdmwd\wmltthc tainsnadd.  t he
first and second conductive |ayers (12, 14) being
sel ected accordingly. 3. A nmethod according to claim

9.1, whergi- Golﬁmednﬁﬁﬁ)@ﬁd:egomycwleg gt 1ekdt adwd ténihdls,2and being
stabl e oxide. 4. A nethod according to claim 3,
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conductive material with an insulative layer (16) therebetween, said second conductive
material (14) comprising a stable compound, wherein the application of said voltage to
said cell (10) causes a localized breakdown of said insulative layer (16), said first and
second layers of conductive material being selected such that the heat (20) created by said
localized breakdown of said insulative layer initiates an exothermic chemical reaction
between the first and second conductive layers so as to generate sufficient energy in said
cell (10) to change the state or chemical composition of at least a portion of one of said

layers of said cell (10) and create a stable short circuit between said terminals and reduce



one or nore netals. 7. A nethod according to claiml1,
wherein as a result of the exotherm c chem ca

reacti on between the first and second conductive

| ayers (12, 14), a short circuit is created between
the first and second layers (12, 14). 8. A nethod
according to claiml, wherein a [ayer of anorphous

hase chan mat er i al 6 etyween_t h .
tnf QPR cOL S GRS B Ao RGeS A g, HERnresfages o said

seb&acﬁeélﬁwe@ﬁlow&&sfah@é the energy (20) generated in the

cell (10) as a result of the exotherm c chem ca

reaction causes it to change to a conductive
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17 Lo g RO o BT st 8 el P orging o claim 1,
conmféctydbaiveéesalanabw @dldolunddyoltraeilings. at | east two
term nals, and being progranmable by applying a
vol tage between said termnals, so as to change the
resi stance thereof froma first, relatively high
resi stance representative of a first logical bit
value to a second, relatively | ow resistance
representative of a second |ogical bit value, said
menory cell (10) conprising a stack conprising a
plurality of layers of material including a first
| ayer (12) of conductive material coated with a second
| ayer (14) of conductive material with an insulative
| ayer (16) therebetween, said second conductive
material (14) conprising a stable conpound, wherein
the application of said voltage to said cell (10)
causes a localized breakdown of said insulative |ayer
(16), said first and second |layers of conductive
mat eri al being selected such that the heat (20)
created by said |localized breakdown of said
insul ative layer initiates an exotherm c chem ca
reaction between the first and second conductive
| ayers so as to generate sufficient energy in said
cell (10) to change the state or chenical conposition
of at |east a portion of one of said |ayers of said
cell (10) and create a stable short circuit between
said term nals and reduce 11 the resistance of said
menory cell fromsaid first, relatively high
resistance to said second, relatively |ow resistance.
10. A nmenory device conprising an array of nenory
cells according to claim1l, connected between sel ect,
row and colum vol tage |ines.




