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WD 2005/ 093839 PCT/ |1 B2005/ 050923 El ectric device
conprising phase change material The invention rel ates

WO e00a9mBect ri ¢ devi ce having a resistor conprPGI/EROes/ 050923

| ayer of a phase change material. The invention
further relates to a nmethod of operating such an
el ectric device. 5 WO A 00/57,498 di scl oses a
so-cal l ed Ovonic EEPROM whigh is a non- vol atile,
thin-filmelectronic nmenory device capabl e of both
Blectliodevica domjiriging abasd dangs nogfterial nf or mat i on st orage. The
known el ectric device has a resistor conprising a
phase change material, which has approxinmately a
conposition of Shb2Te5Ge2. It may be, e.g.,
Sh22Te56CGe22 10 or Sbhb29Te57Gel4. The phase change
material is able to be in a first phase, which may be,
e.g., crystalline, and it is able to be in a second
phase, whiizhinvem®ion Bates@o gh clecaltERRMHAGing a RifteT AN BY ¥ layer
%gehqécﬁmth &m%ge first phase and the second phase

%f B %?P% anor phous and partly crystalline,
provi ded Theatventive further relpios towiniethotl hEopphiareeudiranrlyetric device.
material in the first phase and the resistor with the
phase change material in the second phase have
different 15 values of the electrical resistance. The

resi stor we.£b@et49k aakibts § WEREL ®Fnic @EAROM. Shich is a non-
conduct or and a second conductor such that the val ue

Ylatiic dhinsfilgpglgoireni mprary devigscapaRi gt ot anplas gdglipitabipms of

€S msion rstoratgh &he lﬁﬂowﬁ ele6ta o itk Qﬁs aabNibtdr b&nlﬁi@i&‘ag 2] ghase change
ctor, .ar

ARy B pRRu e PP FST HE SR meEbE G reses
nte&b@ffcsdﬁelb @hawhese chinge mateddl lspaIbEScebeam d ﬁtsn&las:ewmvidmpjn bseg.,

gr?stzllﬁné aﬁﬁ%Lé ?evtsﬁ ﬁl@%& o'nﬁ] g:iewﬁf’ilt?ﬁ OEJ on

om a’ phase wit y goo co ty,

élj@’haﬁagly,ame prybothapf rhue rﬁ‘lest plrr?aes@défre seponfhwweynadrby mrﬁy i pgphous

BagaRly chySa@nd ﬁ%ﬁ@ed\%a{t heestsBr @v‘ith e lpb(as@&@ﬁge material in the ﬁrst
conductivit such as an anDrp Qus hase or a nmi

Rl PRJGLESH é%h th ghass Higngsymateiahie thGFeco%il F&‘Eﬁefhﬁ‘t‘?ldéf??ﬁr?}}
Sdlied BOhE elediBl resisbi&es t he phase change material to

| t f t he t . lLipe" d
rrgrmrphou kq%? ﬁ§%&“§§y§é¥%?“vg5§%£$§§#§$FP%E“BHSSe
omdigtarsmch that e yaitealf the rebctﬁaal phistges manbte hesaed. dhxorghoy she
ﬁﬂ@c%ﬁd&{or Q]d'ﬁ?e' sBlofa RIHR cg%t)é%bﬁl? fducl EAREEWRKR! g heithd]

eatl n be ac he resistance o
¢rjableg tra@@h@m @f the pha@ewéa@e @@malcbetws%h%ﬁrst phase apddhe seeend phase.

itiRlidvedins: it e cLOBtAGhsii&ShH At VBLWaS el %@&ﬁzonductlvny,
el emsnts Whi ch of these resistances contributes npst

U fesryrindiop H‘&S%;ﬂé‘%‘%‘/ pristefBncohase: tomphatreVithe TElRtve s PogA
Gﬂﬁ&ﬂﬁﬁlt}@ﬁuct_ll_ﬁ%ﬁm\ﬁﬂqﬁﬁ @bdsO Qﬁﬁﬁﬁnl?@ﬁ_&b}ﬁa@@ﬁéeptﬁ&ﬁl?gaay ﬁez}ns of
e n e neatln roce c ng,o
ENEIGAIEY i ot picn’ BREr e abai el Rl lsgiagS oms
thoystallmetand aremg@8s”iare w@edio raferacrerpetediing phasel@ra maie orystalline

. . o ) ol ativel v.
+ﬂ§\%‘ﬂ gﬁdgg ?r?flin](i:og‘l;ﬁxla%l Phh@r § 2Ty ARRASE pis, ResPechi A hY $eding
may be achieved by the resistance of the first conductor, the second conductor, the resistor

itself and the contact resistance between these elements. Which of these resistances

contributes most to the heating depends in general on the materials and shapes of these
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conductivity to a phase wth a relatively high
el ectrical conductivity, the heating is initially 5

w@owsneIsact ed by the poor conductivity, which PCTIB2905/050923

the current conducted through the phase change
material. It is believed that by applying a sufficient
vol tage, the so-called breakdown voltage, across the
resistor it is possible to lgcally induce an

el ectrical breakdown in the “phase change material,
sibrhais. Tieddating progeshéngh whacaditciing afttht cuhents Tieyphast ignge
FRER RODENIG DGR Ak BAGH Suililld Nt Lo | nor ease

rature t e phase e nateri al above its
10 cryst aWh¢n21@duplema tr@ﬁii@em fiern p ghase wéhr etslatisghalopickgiricdhe

Rﬁéuccﬁvﬁf t@@%h&sé Qfn 4 fe%méﬁﬁgmtﬁg%ﬁd@{@@ethe ﬁéatlﬂghﬁmmally
crystal’l i ne phase. known el ectric dévic

frapteraeted %}HP?P‘@U‘FOP@%?“YIHF Wi s th U PRS- ‘ihvugh the phase

wahgealbdt@mands RIiesadphiy rappmﬁg/a &@fidient Vhbgthe ed-eauecsbreakdown
i nf or mat i encr ue o ctri

ted. in
e Pt B ot B ol S o et prefrBRG T fe
pifaschiiipe nramaalswmaﬁeads ® arleglﬂbaai/ejnyntlisnsitm\ﬁha mjrea)omﬂg heating
i ene {s] sufﬁglent? csl"éage t%é:" temﬁerat re%gt {hg g+a¥e &arggg E{Plgl aﬁ)g@ité tance
nay tage across
crmalh@smsttmpereawd thvwés amabh@ thhélasfdrametmdm thejaneuphorsihase

O crJHBMRE Yhkl enent may be written and erased by
i'nduct ng a transition froma first phase to a_second

phase, asThg&aey dhsticdpdsrds partifalagh srdted o ussge ahadsclicrly

WR¥bie b&DerREb18 MRy bemabvhiyh &fids ‘a{f@fﬂlamt NE9ptedinfife@BRABT the
éo detectabl states ci | ocal ntire

or e e
AR AN e M e R
Diyat ak1"l wien gie adszance Thralativedy, highh Bhesedidtanoé may i@feasly ateasured

t d
B L
erorny gletment np pe weitcm angérasce by mdmcvrxgraémmcmlfrogt aefjysf phase to a
geg&{dg)@lggerbg dgstc,tlggggbo(,;) changes of |ocal order, or ( 2)

changes in volune of two or nore materials haV|
di f f er ent Thedbasp chopgsanatesigl may Alsg bppleesiigdy awmgi%da*g?%e&%ﬂh%“ﬂrent

l@e%ecfa@@"sﬁ%@ﬂit 16641 &¥er @ch@d hlteleﬂﬂn’e Spebiundbet oA dbrﬁplﬁﬂiﬁ ai@brphous and
ocC or der_.spanni ctr et ween. the .
CETRAY Y LRS00 SF RSB By gt ke

plh@tbeseenl Mpphmoqhan@ed Cmt;ﬂnteljaér_g\stallme Istatzs butdkitliek mpetake
ﬁaceeclrtl {nm%r%rente(l:l hta [?]sargtﬁe tlng gﬁgﬁgngﬁaglg%%g[&galgﬁdgﬂ r(#a ?Zﬁ%%% ﬁt e.
mlmmemfttwo or I’mrgmetprwéd laging figfalentrlecs] asddr ¢ asyto piezide # ferayoeate”
feBreEetn§d b¥h Ml%.ftlﬁil(!ltly B?coﬁal%rﬁ of l-gpa@ ox%L: 5£I{nln%@llle sg&%luﬁ Boé%e% the

val ues may contr ol y UStIﬂ% [itude

eieniaiely @rh@plwmaalfi|ﬂ@r?maplet@1wérYétaH%ﬁ%teSu laedahﬁsarcha@aealﬁg?rw&

LIRSS Qm&hMt&fsh@Jdependhhg on aleﬂllsﬁ@dw@ Biaﬁﬁ& iafits
t he known %I ectri.c

AR S N AN AT e A e
apedlinelsid) Ehavteicsl oRlagicahlieanay e Iaﬁnmsﬂlarl@ adipetmghiet el y

|| re rel ativel difficult to ust .
G BB TS Ao MGy Blep 5 enfih} e ot e thatil
the invent 1scamhsacb/axpatg9\¢>f the kianwnelegtric dévicedle the élf&sent detectable

g&g&ff 1&91%&52 a&J;sthg g&@@gtp@am&%g&l@@%m& W5l A8

ferent tecta ates o order ‘across the
eqmunlqtedy crystalline states are relatively difficult to adjust.
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spectrum bet ween conpl etely anorphous and conpl etely
crystalline states are relatively easy 5 to adjust.

wab@siogssant i on i s defined by the independent cPEl/mR005/050923

The dependent clains define advantageous enbodi nents.
The invention is based on the insight that in the
known el ectric device, the phase change material is a
nucl eation type of phase change material. In this type
of materials 10 the phase transition fromthe

anor phous phase A to the crystalline phase C takes

pl ace by ﬂ%n%@jteg%mhe 1nv§moﬁ '33 r&/ﬁ%%h @le(l,thczétv O d%{ ﬁﬁ%ﬁn the

from several ran Istribute oints, so-ca
ARFRINE RETPAPe Bt highghe C&ﬁfqrmt éﬁtqcreélea%ﬁ phewborp agess fiegatie s
%&@Mﬂn BERQARbhGIAELY ¥mbiPhdak Shd cdMplefl}C8ystallii@states are relatively easy
stallization is initiated at these nucl eati on
Wts, crystallites start to grow fromthem The
dynam cs e 1h\hainﬁong£ @fihdil yShelifdepdridve kiinGOTHRIdef2Ad Btk 18R

Eaﬁ’ne vav¥a 1 gonentl al tinme 15 dependence. A nodel
£ % us ?fnf%fl on nmechanismis published in the
article Tl@ly@mnl i beaddi conheshsight thgt inthe GeovBlziceic dptidecthé

@gpgﬂ&gzﬁgﬁe{rgﬁg g nlgkr‘éﬁno‘;l 8})3@%9@%& ec%axgg '}r%?e \Mgelé ’thlspt§pe%f materials

thohase bowsition frpm dhei agieptioys mhmplw thel oryPiied pese C takes place by
GRIEIHE, P@ttHeQ%tallﬂﬁioH BBrtslitom @@&ﬁ%ﬂééﬁry%%gnbut@@&gnts so-called

Because of this relati vel y nmpl i caf ed
Braretion e g e ETRRIOUHhaseA s thepg pihgagtigally in Fig. 1A. Once

R UIPktatiadtiof istititiae 4 Siksetni@edfibh EcaRts, &Qstmeblistaﬁe&gxﬁwrfrom them.
et ect ab

B! BT g Bl BRI ALANEL 58 SELABL S e
dh:eme_ncte AsnoddSorrtiasicry tallivation nadchdnisasit pathisled indhef drdeent
gé’ryétgiizsa{i §tucﬁe§‘f‘)iC (SJE %?fo tlyﬁl‘nlél%g rﬁel?eglagugf)t bg&algg HI} ﬁldez

urrent for set S6 resiatance values depen
Reén ChaseRr $tiand $- R ﬂwélmsless PsPaydikeP \Cabioeweld pb@llsh@tm Apﬂled

PRRLCE 8shmbQcdiBhsSvoldntel 18} ggstsw @sﬂ@é@zcgeca&ge Off tkis Rkt Gy t he
i nvention corrprl ses a hase change nmaterial which

Fomplicalel %Sltqﬂézaﬂqﬂa%eeha@wamﬁ B rﬁﬁtvelmcamplww @ agjpsy & cpprent
p:tqas@ fefvdageng tliﬁiell‘i] R6dt ke dRasct aetaata‘bfeeéxem tof aéc}f&alabsm@meevvt h
sm than the
VR e oy s BT, S SO B Rt PR refance
phies ghQlugationsf the cuarentédrattiinghase hisiglin@ppinaXiepradseloylinearly on
&gp&gaﬁge viRERd, sihe so-called crystallization speed,
rom-t Interface between the anorphous phase A and

t he crysticpitret tpthissibe eectripgdeyige acherding ctheeinveniianedomyrijepa
FliaSe chhfbe n&%nlhﬁmdm 5 &kalidagst bridwh rgateriaBThlg Eih& @F &ﬁsetclﬂﬁlge

@
I nterface between he cry St aF i ne hase C a
AN Hﬁ%@rﬁtaégmwﬁ@eg@aaww tgn ﬂeerféasmf;kg?vw nh?%b%ﬁ

PERGAS |$n fagtlgﬁm&mnatelndw tRecrgsaing phdgec gtdwsat £ rara@vegﬂﬁgf
artiLa

I | 4] | on di, e the
Petn Rt PR fras SR S5 pefaf oSk e e bebveen
the bsb@hdus ahdsyAmod the oryodilte phasy € ad 11; shoavh scrhanesicatytm Rig. 1B.

gﬁeodyttg %(?rm: %S]téjl:n(]? I:a[ies lﬂa‘é rﬁgoa?g %'le u tﬂe% tal?me pchﬁ%ts(g e{n% ‘the

nce e Ccr I'zatl on nor hOUS
Mol Bhaw0h 20DSHOOE SR YPEITILALBR DOSISO FBSOIB! ind shewsthy t he

inﬂetrﬁ&:f a?t&epaﬁﬁf (\P@fcﬂls{ah%ﬁl@n ttlYéQmQQ?ﬁﬁQat@‘éhe g&@/th direction. The
I oxi rratedy const ant, crysta i zation
(re 5) crystallization does substantially not involve crystallization starting from randomly

distributed crystallization centers. Since the crystallization of the amorphous phase proceeds
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speed, the growh nechanismis relatively sinple and,
consequently, it is relatively easy to adjust the

w@e e0oseIs3y equi red for obtaining the at | east tPCEE2005050923

di stinct detectable Ievels of electrical resistance
values. In the electric device according to the

i nvention there may be 5 approximately a |inear

rel ati on between the resistance value and the tine
during which the anorphous phase is (re-)

aongsthaintetfzee detoyeratpst wondass ulrer guptoximafely nstant, ctystabiesion

% e?‘f'lpgl:] ogvrthel‘ﬁgc?%gsgn g\?%h?{vgglsmigﬁég ﬁsdggqg@r{t%sﬁ @lrélﬁﬁlgﬁf 'e&? to
adifstthe peent requliedyfor ot@mngithel at]l% thipqdigtinet deisesole I5rrase

QBARNAE TBERE L dMes. th B epegtfly @V@E Iaéc%x'dﬂlg tPBe RIkibSthYre may be
anor phous 10 phase, 1. hase substantlally free

P At ll@%@glaﬂq@awe%@e %@SIétﬁlgﬁg vavq qng Heitigyg dpningev R tah

hrSorplRRP A 15&5-@ Exystémié@ BEAPBMg urrénd @fﬂ@énumeﬂﬁhetphﬁe
nor phous It Is.restric

nuc
R T oL Bt vl cadm ot T Wb RGN
mhﬁaeemha@gHMnmneGBals In contrast to this, for t he
fast gro er| [s.th ISt
depends \(I)\frrllhl% oy h%?ree(:h%rfggtnﬁ{eex%l’ge oglg&1 %ggéélmal akr)norphous
pmga)@mybuamﬂﬁmmdﬂyﬁﬁﬂ§CHHMbm§rﬁmn%acnﬁﬁﬂmﬁmaﬂmvehth
a%&rx;ma%ew fnﬁ%gﬁlgnttdfmé v&mm)ftﬁcean%?,sﬁoﬁsedhxseamrr&t}%a vphgse

an at artl 3/ cryst i ne ase I n pal‘tICU| ar
NistsatiqnHnesyhich 1b?f thefadey é%éheﬁ%‘grephage chanes PrRiFELS

smal | €. 6 contﬁ@c't@iﬂls%r {RBYast dlovith ﬁla‘fehaﬂi e &{/stﬂli)zfah&ﬁime
r ecC 0

atter advanta
S0 oh Mol S e el AR SBeOUR R ARG 1 1R Rt e
&rwlvély] shottlsyRéhidgl tinmefrophaeseltxmﬂy efatmﬁﬁﬁﬂm?pbasleso doradlamst pa’m)y
F}rys‘%%ﬁme l})%asaerlgé g%xjtlculaer rwthcan tge sme?pl}g‘f% aE[B (%s RJse {s rele}nev(e:l sxaall e.2.
bym#ﬁwmnBorg et aI , Japanese Journal of Applled
Physi cs,  yohdbgy o‘l’gpncgﬂg(%ﬁhﬁ'é%?s latllﬁﬁzanta%Q&é proim{ysrelated to the

article, however, does not nention

phaseFanaifien etiyash ths pRepPlous ﬁ%@éﬁ‘earﬁtﬂr?éf%%i@}aﬁq <é°§gqxfﬁablﬁ known

Y8 EhetaRRID “Phist-aldh & rﬂ&ileﬁbﬂﬁgﬂl ﬁjﬁ%ﬂ@ﬂ}aﬁm&ﬁrahcalblud Wadetéﬁgth
rical _devi ce accordi vent

el ect ng t
eHUHE GPa LB 2wt PR R Uﬁlgr“{’q Fae 4792
2897 ﬁﬂl)ﬂh]‘his&h&tb ]idmt/erl dvesit fnastion giaofadt ropitasdertsamgdsingly

Ha%e o{her eqr%pc 1es w %}pel ug%eotlél\% E)gasgchahe%esfﬁa dprl‘g{:g%n% eyglct% Ezd g

o W r esu S ase W
doyire ackowlingdo the dkntioaslhs mvvrltmy of thk 1fr¢semte1wpntfon danetimparticular

£§tJbﬁ§he§ hgﬁhése £& gtr&@ﬁ b@sé éﬁlaﬁgY: maEehas 5@ Shangdable haweaﬁgl il
el ectrical resistance which pends on the vol unme . of

piee witas Brscainghigel repistighioad 2 Pqﬁoqdw@anﬂ mith e S‘iﬁﬁ%f%f‘éecﬁﬁﬂ rgsfpevity
§1@1§1§éﬁﬁ‘ro§?ﬁ§ Brst elé’cﬁ‘&ﬂlﬁ‘f‘s‘iiﬂ\ﬁ%‘ t}hc tréﬁfﬂ@r ﬁagﬁl gh &Ectl?ﬁl Iiagstetmce which
W titchanl e n . a eas ree en ectlr

eret S oo e Gome YLy BRI S BTt B fgond e
pefckivery, te rdsiier being&l&wtﬂfablh h&wﬁﬂ'maiSEasCﬂh&l different eddciriahl résfsﬂtﬁite
Y:?lées Tb\\é gl?ag%lgg %Oértes n&m o%t%%% fﬁ et*r off,l]le Tll?ase 31‘43"?43%‘&&1?1 fo rfom
the dicst phiaseatbo tiresssdosd Bme:ee Theadwﬁelsnmdyhebelsm h@ww tlsap fphsy thneg
élﬁfex%htee?etc{rfcﬁ %msFchre\r)%ﬂ% OO%;be‘]igﬁél ol gle&;watl aﬁremﬁule

ange nateri a 09383 ["/B2005/ 050923

heating of the phase change material.
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w0 easo9maTce val ue or,

The el ectric device according to the invention may

have an additional advantage in that the internedi ate

when there are nore thanPCHIE2005/050923

di fferent resistance values, the internedi ate

resi stance val ues nmay be nore stable than in the

known devi ce. For such an internedi ate resistance

val ue the phase change material is partly 5 anorphous

and partly crystalline. At the interface between the

crystal | i Tie gxeasdedmchctdiding @nteripRoitg nplhase as adtiitiondl t he
on

?cﬁ%{&%e% tht‘ahﬁ %ﬁ%é&ﬂ?ﬁ%m@!ﬁ@é@% ﬁ?ﬁ@%@ g§ gl%oéf t){alﬁflrgé{v

éliffy@nfa'pslatc”rmée rﬂh&séhean@md@@cwéag@ velues gy bg morestpdleghan in the

RRAREGIevieS Fér sﬁ%‘?ﬁ’c%ﬁ&@m szQﬁnJe%lhc?ﬁl@ Piase éﬁ%%ﬁ! haRfiallid\Gurtty
resistor may change over tinme. Utimatel

pragrahqug agg R?ﬁlé(r?@’éta f-¢i thedntercs bgtyyeen ffﬁafyst@lﬁée Wﬁegap%ﬁlp ly
WhdrbhdR phRSdosicINMHE atohf oﬁ’tﬁé MEorfidls ﬁlﬁse'n@?gﬁfntab@)usly grow on the
retr.l

robab ty of suc nt.aneou rowt h
G gose el T e el o e B e R e & 1 erehous
phabe Ak acensaquesce ibd rEsmct ha?luemfyf&tra;istolr ney ghagevanithe. t he
?g&{aﬁeg)p’%{{%a ag ‘rfle\%lg %oha ('th%ngel b {Xg éstsotlaer%quag %h%torelélﬁalgt\xglﬁgn l%gisetance
vdhee o nplosge by regricyst dhd prelabisityat euch gpontandeas/growth of 1h©vvest
érké!ﬁhhé ﬂh)ése%a&%%th%%@&ﬁi‘lﬁ@}f&e GleY §$t@ée|n 'ﬂ?e%h’s{aﬂne ﬂiésé dhd

known device there are several relativély snal
g ymemheys pease-silips, Bairiemedigy serpleishdu e ﬁéﬁe iith s lweéﬁr

REgER e VRIBL G% BRIy MG stafe, SN BERKBRhEIRY hhidsh
contrast to this, in the device accordi ng

fp(‘)’gtﬁ‘ﬁeé’“? ?W/séﬂ]t‘%a%?? the crystalline phase C and the
anor phou SInplmalslewAda»ﬁce tiseqas avaa réytivaly smﬁlgérgtatluéstsuﬂmual

ir)ygetlsn?or f}g)(rl:]lsg %o va ll}eosf P ase aﬁ%e rﬁart‘rearlta wﬂlc{; % sl|3] a\livsn esch atlcaﬁy 1n-lihg 1A.

Irecortrdstto thif ovehe qiemcgatg:grdmg/ﬁo mglramﬂioxlthlcmstélme phase C and the
QQ(HE}Q))&E Bﬁlts@‘kﬁre%gﬂé?alted bp la{tsmélla @orltl%cﬁlg rn?e?ﬁceb%tlmg&)n Ecjﬂgmatlcally

anor phous phase "A and’t he stal |1 ne phase

kg [1Br Therjesisaacee for %ilé é'wréi Phareshangempterie moiwa i FlSSe &A
kdaB al:é_gpprctxh@&ﬂy é’tluﬁlhlﬁlt tHs AUV L the slﬁ@fpﬂfdug phabé™ and the
Ther iate resistance v

ne
@F%et%‘ilﬁieé} 18 Flﬂal{‘l‘h ltfég“&"eac&%r 18¢ 19 ﬂP'Fg‘n‘feBt“%“h%"e r ﬁvwﬁ%fffaﬁr‘f‘ the
&’rammrdevmb Fde(Fig. 1 B. THagforé, Ifhehxlitéimlédiiﬁl\ﬁ/fbsﬁt@t_\de @dues e nbre stable
1n tlge dev1ce acg)rdl ’to t&np 1env€c’ on sh w ¥ lhl%h I1n él L\{(T)?vgn cl‘rejlt shown in
Fesi stance va IS \Q%e
BieohetQfien.dhe %ﬂ@cmf tl@bestemeb@@ r¢sr$tat1¢¢e/alp;¢ e\dﬁwu@nt neoonly on the
g&m@gfcareh@ct aBidtocdliPe BRvbRSE BRERL bEQIBBSHE LAl

hase ange mat eri al and nper ature. The
?Rﬁ‘??pﬁ)‘%‘p‘efﬁlllei phpRs ghamee BpeEm a@atnéhﬁterawtwr@ ation with
applicatipg nBH-gﬂ bhle:3 %111%95&8 Batbnt apdlitRHoR R3S afpREBA number

r _PHNLO30 el.ectric devyice vvlth a
OB b et e e i 4% el rges it
Bﬁii@/ﬂhﬁﬂﬂﬁﬁ a xbest&g:ombml@eath@ cb@gmaerlaabélmg@hng%ldﬂaa&en angt

St Qr

he res an el ectrical
S G A e, R s B bR o (R A G FRBAAS s A e
whetleer ilglphass changd taerfal is &t thp imsghagror thh escemighad, thh@sigor being
ée 0 cgﬁu&ta%ﬁrrgl% £dPGnab ﬁra%gtlﬁ%g&%g £t fhde rt@fﬂg sefcﬁr[d phase, the

ng a transition romt ase
@@&ﬂbangﬁ tepteaial being a f%mg‘éthmémglelnrmp@quanenb@m@ the phasst

Ha Mt dYRE &ftl'lea%mstdrns B Q&R BR 2 Jrﬂﬁiﬂﬁ‘zﬁfontli}gr Rbase crystal

change material of the resistor is 1n direct contact
wth a crystallization |ayer having a crystal
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wonosiooIsse s are stored i n one

WD 2005/ 093839 PCT/ I B2005/ 050923 6 structure. The
crystallization layer is particularly advantageous if

case the volune of the phase change materi al

under goi ng the phase transition determ nes which bit
is stored. The non-prepublished European patent
application wth application nunber 033100583. 8,
attorneys docket nunber PHNL0O30259, does not 5
giusinteoTie drystllizhtivn layesis parteuldrly agwhtagdoadif multditswe stoad in one

%:lgch?]% c}e&ilgg i3 ‘chﬂjsI caste%ﬁee\% m%l of ﬁlte ; b&@l:haﬁgest{l%&ﬁmgergcﬁﬁ% ﬁi@ﬁh

n acorresg lon O
pnasien @Hﬁ@iﬁg@s Whitlk it §|stofeplo”}}he npiyprepyblished Ewageén pasent ppplication

SRE %ﬂcﬁbﬁﬁﬁnbe}w@ 1@65@% Tat6rnl8 \ib&Et dRBMWPHINLO50258 loes not
non-pre i shed European patent application with

dipihese tha {) theTesiahis svitahas bR atsleaShttnte%) Flﬁfé‘g‘/‘%t elfgiEiRal pesistance
Mﬁ?ﬁi g:haﬁ’éutlgﬁé\wl%%ﬁc?ng SRS of ok Ia@@ﬂ}ﬂ the %Easérﬁﬁﬂg?e th&ddrial from
wi_t chin e resisto t three
i Pt B Se(orT e BT R P TR EoBy B RGPIRgd
Eavpeas poed apfpgcqmn twiitb appdifatioh eurhizey €33 104583 . Biaxttonpéya dlecket number
er I . .
lﬂﬁﬂ&%2 oes n mar se r&etm? t{gr htéhll?ﬁngi x%m%tgr bﬁ{}gﬁr{c’ & q’e%ﬁ@x}r%e
éllffemtreiestrldzé wscﬁ@nmﬁm @e@angmawsrr@mndslwor@m ofghet Ipgr of the
BiESd bR nRREVER, At ﬁlsﬁ@age th He 8&of thd&r ent el ectrical

resi stance values, sald neans preferably conprising a
si gnal gelien smbediment af theprereparsionghe deiaqdeyiessomprisgal

in@anl or @Qitdlhﬁig tﬁeh@sﬁt&ﬂieﬁe&nﬁ gaaM @l{ré@hffﬁéﬁﬁ 9@&1@&1 1@§13t£rfd€values
be descr

ctri ca Ei % ZF d ) | ;
‘8?38?1@8 °tgY P‘é‘B“S“P:?R‘g&ﬁ‘cFe&%"é"r 1§ %%’»*?%WBS‘G? ?Férhﬁa Tgqal to
pdjust ihe resistnde velub. Brempled of feaetricd sipge witbtieakeiceibed below with
under goi e e change is in direct contact with
g??%lrc?qﬁgrqg%rfe% snteg‘rgtﬁar ranged in parallel wth the
r esi st or . Inlan embedimen the petion ¢fchedaxer efephash ehangy mitersal

ﬁlﬁi%fg‘gi‘ﬁg fhe gﬁéée EM&J & %n@& c@ntgh? @Eth PB4 r@s %%ﬁ&f in &)Qﬁlel
phase C angﬁ@wnaterl al e Joul e heating

Wélath FR§ister- hap §1e‘t‘1FfeCl’?V1°%‘th Betheryesistoy may fUPCttOHéS phraidng
gaaaﬁ 6f tH@}BH@Ed @langleSnateﬁaIt e Jam@ hAB RS/ tﬁﬁl@&tﬁ)g emﬁumeﬂ he

IS arran ar.al |
O ineen 7GRt Hisht R DR e Sesey hsefist (b peating

elam¢np Batrsngpd iarallal withl theargest@pWhénatle ghasetchange msﬂeﬁztl durin the

%Iﬁcgrp oug a%:g e{)lga%e%ﬂp 16({3‘[0 thgges%{otr oegc‘fegf%% L?li[ %}eﬁ/ win ali i%gsgg%rtly

thrmIngﬂnaQ@atlom elergent, readioe rfcaﬁffthfye weatihgefithe phasei Changg matnrlal
@’itﬁtﬁl{ {ehlﬁﬁllg M&&HQ&%ak&%Sr Ih@tﬁ%ﬂn@%rﬂo@ég %e%ﬁast: I@l@angth Qusﬁby
change, thereby 1nproving the endurance of th

whRERE the dyirkds of theglegtiis dise- r esi stor may have a

further ei"&%ﬂ’tﬂe@ @Elstf)lelﬁﬂlyﬂ'faa@@ﬁrtm uéamtaqsreﬁsm{cb Qhich sRARer
e FifSaT gRry Bt i M BRPLUE TS rBpae Fgn e steve
slesiial BsigamcRROf st aleladiricdeeict fs Itlﬁlt @fewo ﬁaeallesreilshat oaé oftwhirh
E%he rems?or ccr)nell?rhs?ntg(%ﬁesla er O'IfephaSﬁ gsaeng% %lterlal laRd th!;.] 8thgrels tlhe %ugfleir
@sllstelr Ansxatnhnée ¢fuu¢meiev1c¢ leshomnom crosmecamamﬂ‘]lg% 2BfThs Urykr 7eof
gad &gnp%q %a&%gwd i AR R5iSEY drOFolclocdsChnich Born PR olidfe!

ase C rraterla a urt er resistor
kepgh tond hesisue @jhelgm tehand e hnct?aw@thavptm@péwﬁ: respectively. Accordmg

to the invention the layer 7 may be switched between at least three different resistance values.

el ectri c devi cePCT/IB20bA/(650923
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length '"tot. They have a height hp,,,, and hfr and a
w dth wpoand wfr, respectively. According to the

WO pws93sen t he | ayer 7 may be switched bet weenP@l/1B206%(50923

three different resistance val ues. W 2005/ 093839

PCT/ 1 B2005/ 050923 7 The swi tching of the resistance

val ue i s done by changing a correspondi ng portion of

the layer 7 of the phase chapge material fromthe

first phase to the second phase. In one state

Tlar swesiionditingredivanodrenluedsd@it an cdengisd u@respaiiiggnttioalbf e

)Ita ef 760?%1'1% é)EaSL, a %e n?at%}/frgrg t grhrstt I};?ase &l ﬁe%%&)hé Hase. Hﬂ)%?, @catg
ano correspon eS|stance

mewndlsgxbsmarwsthP yalge, ﬁmta@tmly the entiyy layer 7 mpggpe Bthd n

LDGa1 hQsQQfJﬁl DDBSR A colrls tp&ﬁﬂngﬁ@ oS reiltlcvalue, su%)?"]tantlally

COI‘I‘GSEOI’] I Ng to et anot her resi stance val ue,
thagrie ygrdynayde Sghpuaephays Phesghrln Y& R0qtish sts Correspopdipg oget

hidtHePRsistAI¥B VANMOHS 19 BEBay be cBMBosad &Pkt Bf 1Bkt Hichiblin Gy
is in the crystalllne

has
LRYTRRAYE Phasg f4pnd ﬁreﬁ}agnng%eﬁ Wﬁwgfselaﬁl alrystalﬂfle bhase S i o
§chemdtieallysih atgezB: dmistee& pis‘,mxdn adylition td, lie stam*qofrsbmidylg to the

c%mglqu%o:gnsi?rﬁké uf % aset or, t(#ho ! hqetﬁg n;gﬂaq n% ;)ﬁas% ylshg %tié r&Fthe
mn]@&d pdrt ioam bk ch@lgcmfeormtto wo¢ er nefiré dl&premttvalvesll u@lgchllbad toa

Hﬁrggﬁﬁcg&@ different resistance value. For the
exanpl e own schematically in Fi % 2B the resistance
R bet weenFar e exgipleshown gdempficpliyen Figngf tha ersistgnoe R between the

Sﬂtér%ﬁ&é iRkhe @Jngmsdm J;@?a%n of b&H @Ly&wra&ln ﬁfrthéﬁ@d@&%acy‘ b&ay
as (0] resi| s

et RS ostenp gt omsine PHEC SR bEg R dPgepgine

ptﬁtfdf fmfhef tagistbrey antl &ﬁlr&is&ihceﬁofﬂﬁdmbhﬂows @sit 61 layzce agifthd he

2
(%rre]s ? H%Pﬁt?oreftgur{sl?l rre51 or;6raée c?apcll.lla{efl %me%t% Form a oF] ?e(s)lgt%%c{e gf

fvarpatafiel reseirs Seinwemfy, the wsulag tabo [velbesrof ghe $¢sgtagce are added to
Sibsagyentlyr the resulting two val ues of the A

resi stance are added to obtain the resistance R
Fig. 2A thdig dlitharavivanceR thyg saleidtedis doweag sfuagempf t%f‘slersgth

f ed dn%ph@ﬁs gaher laph gtf& vai&is Val@ds of B 9ar§ﬁ&é‘rﬂth@hl&l ® ﬂfétrati@fof
er 7 for varjous val ues of

i B e Sty o f By D BRBENGIOT I HE AU e i
the stystallihe }ﬁlaﬁa\(e IThé guel oF &F@tcai’fﬁﬁbndf tolaaylelnoﬂ whdnathe fusther resistor

B ehlectlvely ralésgnt 01:111 Ehee C(f:l gr){lﬁ;’tﬁogxl sbcl)vgrtem gﬁ the” res Ex%tyfo? hte %mgrphous
plesd Atand the crsstdﬁrie@daase\fells y0th@emem anChO ﬁ hlé)hmam tespectively. The
RAGHA, L:B0Fhd1 %d{hh’g)f {28} fh 'alya th/ndif £,0.85s RR.ONOUS

ph e Ccr I ne phase I'S 0 nChm cm and
0.5 nOhm Elm he}gé@p@@d the aidsh wq'hsewezl@s the r‘i?jtSHVlh’d’lf thie furthgryesistor

8 May b&ghoWinGh fepWRIBAde Sn 2R d@ﬂﬂe@ﬂzﬂuetd'fﬁ he' ght hpcm is 15
nm The height hfr and t

resistivi Whe(ﬂalci‘lﬁtéonfsﬂ?‘t“h’é'rF & %g ﬂ?tc{'}?ta"t Sesﬁtéve "etWEdeeelWer 7
bﬂbhd@p:ﬁm@e meRrif) And fhe fishBs résitbr 6 ad negle@éd. Khis bdntdehresistance will in

| h Fi t t
e LR A <Fagie: SRet Py AR R0 R b PSSl o
fouhd foeher reisios tant \_/16e Vessank glretet efthdvahlvigeoue eifdcaof the further
Fe?§€o§&i?cﬂ§sgd Méch be lg’sg eﬂﬁﬁﬁtrv%en E}Fqulﬁgct Le@l@ta%g%tf@lgthvg% high. It

current t fromt l"ayer ase_ C
iveraseried fthat the contact resistance be 10”7 V cm%A or less, preferably 10% v em”/A or
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to the further resistor, and vice versa. A nunber of
advant ageous effects of the further resistor
waoele@sosised bel ow may be | ess efficient when t hRCTBEN50923
resistance is relatively high. It is preferred that
the contact resistance be 10"7 V cn2/ A or |ess,
preferably 10"8 V cnZ/ A or WO 2005/ 093839
PCT/ | B2005/ 050923 8 | ess, prgefer ably 10"9 V cnR/ A or
less. This allows for a reI at1vely easy change of the
Jess)prefertibly flOOMcnia. dr doge This llévefophabevethamgdange béthe alrrent
ftro(?n t}xhﬁy ut{fttl{%; hasreglzgmge% 191£téréa"il%dt}1¥ {‘u(iztﬁer rgsis?‘o? anc]— J\'/}Ee \\//egsxgaajes
ot her t haPhe layiut andfor furtherisesisthr 6F1é pre@htap’é% hEtYP phapestofgrthan
thiidfa Qboid, P&Qﬁ’d gy ot BI2E thABN aREHdAd, RRRA rhe{}%[a nbiftinéd kdhion S

bet ween t he reS|stance val ue of the phase change
Yeirteat tharesigtgea vale of the Phest fhapeevipateil %HH hedirsdptns s e

mr&lsﬁ-phggeM§tr@J%dryszaﬁQed Ev&iinkithseehihe gm thddBan@hOOMH phase
nmechani cha

PR Pl RPL R HPEIR e B pHE v eier BHEET et g the
th@mddvnel hle: arﬂomhm rdevof leger 7 Tieg baﬂmzatpmm @s oparehd dflayeayand
maa/ c01¥1Prlsg ag r1]n Ier lg%né)rhﬁnou%tgrrlal %?c% as e. ef?rlst acgn@agrhan%y the
secogd cqnlduzctbn yssd foc dmtlmonainmgdhe ltajfﬁe 7 1f0teg@u@bd or in addition, the
mmﬁ % am;s}r 7 Ry b%lﬁ%g Lflg%ﬁﬁéeywﬁg Mot éoﬁ&cﬁ%%itéﬁéﬁ The

rnatlve y, ‘or | t1on anor phous part
19¢atlpragfébe gmerpRpupparfepradyn thpgesien aeré@etvw phhaiesiriselevice such

e@%@b‘ﬁﬁc‘t Yc%ls%EeeJelvﬂijen 1a§é?e andl 96 &dt @Jthcftortah@th@m@&ﬂrb@htﬁmtor
gart e erés onf dg 1paljgamet rs . of teetllectrl
evreal epdyfiviigo tﬂi‘FeﬁrEI&ﬂ'% 80T FeSPOPhrrea fa M BAIT ST i
eseht}ane ofhier MibteGauetectria devitd vacis@altehdiric ourthundigy the laydn &, if.
trgsertrml conductivity of the first conductor, the
BEEond conductor, the further resistor, if 15 present,
and ot herAginstemina Bigd#A thi erewlneecctfrtliledu@teviesisommcﬂucesshe largest
é}%&lvg Qﬁe{dﬂlgal ‘T‘ééfs{agééqgfug g/hfcﬁ?s clb@aYr%El w%en 1 }fler 7 %reﬁt%@lgtamox‘%ﬁods Sin

own I n i% presence of urther resistor
tBis peEiead 17308 nma“Flg@é fn a@ﬁfoe@ltaﬁ‘(ﬁ@taé? 'eeéw? thafotal eesiptancaRe e

x’éﬂkxh&&el‘é@%&ﬁ sthall viRh ainedle mﬁa rleéi’él&rgoxghlb}Salﬁﬂ'%_ 1;109 e Yise of
r,m |

thi s exa
ralafa‘iefy. SEHRP r%%g FERfEr 45t gﬁ gt %&Sﬁw&m&lw&e@ﬁ@ 5%?8@ oihs
fuglieRickiSior 6 k}ﬁttheblyR &iandel battvedn 2786 kOhm tabe2. FOUVIOh@ fwhen changing
lrfeoSI tél%:té’a 80%rln r’lg-lﬁ retms%an(}véﬁ Iha éi e{p%ous pgase {nﬁy delpen%tex?one%lally on
thatlemaerawm whigh albysr@n@e th@fmeas’meemehmfttmeﬁsmaesq o theram@rphéns phase
¥ n}éﬁr &hyp &&J@@ﬁ?& dbﬁLR’ﬁﬁglaﬁye%’ Jﬁﬁ%m RANGkefent Qe {;{g)gghv\hen

dgin froml0O rimto nm The resistance
mﬁ%anawgtpﬁﬁ bessd phdisfarenrsy ingizp ehthe anprapain PiraWhyn vying ﬂeehférther

*SARS! @t YhiBes oMo uIRRY rebiRRES I1ev%l|§ Q/lllz‘f%@&ﬂllrrﬁ{éﬁ [b%sl fteth¥eature
Se ati ve

t f th ph
S R S et Pere RSP, P e oW ot b v g
Igiaﬂ;l\fe@roeiﬁt;)ﬂladt@l tb ﬂf_éﬂb&l%ﬂthr&ﬁdz ﬁi‘tﬁﬁﬁfﬁls‘ﬁﬁl hslm;:rb&ﬁeﬁls@ﬂce R may
[ r.en si ze ou ar
sl BEPP D kg &n Pliny OF KOG PEDNRea Pkt AR Hithe
aesphetsaphage dsdésbbwen far k+100 epklrd Orasphbctivedgs on t enper at ure
and can b(ﬁ gﬂJ { Jeeg ﬁﬂh‘fnﬁﬁ I%Qd SRfer ofr: al'eyto ﬂgvftﬂ‘r&{gg?%sagfzr of

bet ween su resi stance val'ues are /
@mhangﬁn@trn@l@nér@ai@mer resfi@rrin pider tp b abicte relielly extablishit
RSN AL theSSiwd RAEKs. FhIBYnimum read current may have to be larger than
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30 be well bel ow 300 kOhm or even bel ow 30 KChm even
when layer 7 is entirely in the anorphous phase as is

wGeb@Mmofser k=100 and k=10, respectively. |n prECI/IBR005/@0923

m nimum read current may have to flow through the

| ayer of phase change material and the further
resistor in order to be able to reliably establish the
resi stance val ue of these t woy, el ements. The m ni num
read current may have to be larger than WO 2005/ 093839
RETN 820 08keEsR92Bnts tBrotiften isitlimeofhemthk rdseakca@éthe layered b}&se
éhﬁng%%&n lgfdtthel ﬂurt]l%r M}?ijar ﬁgl%?.{%lgeﬁfbgtd%ﬁ %gg% cvﬂln: ttlh%.Ylghr thIS b1t

ange mat er er-resi s
lpﬁ@a% meebe Wa@@e@@tﬁm@e tegrbougrgntrie b equid toerdreer iiag apyiinimum

J/a'IJEQOfiﬁnJ}@A( PG KUY A AGRAUS efliarkdie read current to
be equal to or larger than a mninum value | of 1

m cr oA, sO¥pltage Vanay be yepd foreepsaatine theverd cuzgngethrough the layer of
mﬁ&ethoagge YhabBRi1 alaaemémdlfeif @glst&emwmtagagz ﬁaﬁgfbereegad 10/u<gr1§

rou er. o C mat er i an
P Pt Qb PEBIoD. s OUSE AS TR B i (I g phase
c_thamgaraxenasmmh:vas pmug .or &eb canlHE &t-gurpdilllyzatidnhod the @mbieus Wart
%‘Jﬁlg% g%la(?'é% &Selrr]agll L re%eratﬁk/ﬁﬁ' llt%e\«PIS ) ga}s’c g Elé‘/ﬁ]smalléjr% ?he
thyeghojdevoltageal | i zatl on of the anorphous part durl ng a

readi ng WEQBI* gQVOP()gf\ﬁﬁl | ¥am O[SIQ oWkt g%BVhE%teﬁqn imum

| east O. [er than t resho vo t age For

IESIgfEICe 5@5 ths' lfe/ﬁr @ PBesy/changy In@ereak anfpheefugkrs vsistonhasitqpatisfip,

RJEWI il |1mBFi’é§ |1rlmvlﬁ1e}éefntﬁﬁé H4t3GE kBB hollid) t@his @Mﬁftloﬁ fhasﬁt)] BSMQet in
rial an resj stor

t he
ot B ol ekt i ST phAsE RAeB LRl is 4 In such o
daseabe keGhamda ® iy, be hpproximand by Ihe resigrasce iR@ ob e Iﬁ?ﬁﬂheﬂ rBsistor. Within
tﬂﬁaédr&y gtqon\/\‘éﬂ?erg%ratuge er"il\n\?/fu h taorcgf tl?effu}( ehre51s %r;oce OP tEe further

ange
Ilehéorroem tia¢ @mtencseRnaf/thb blyamﬁ phﬁm ciungdnamnat liemgreemﬁmramc e

J%f/sﬁallglfe pfuﬂ@ sfatlr’srfteﬂ?'errfR% R?IQCQJV/(IW X JPt € egeln?pl of Fig. 2B this
& IR

appr oxi mat i on par ane e ratio of

iR Hesyipt kﬁ@rho&désﬁosptamn@nmopwtmxeh@frphaae@gqngq watera) apd/or

thRirthe® $ds Bk, r’cﬁéi‘praéxrredep $rhini @Xeﬁay%g cANASR fﬁ)‘?rﬁtﬂﬁ §bove equation.
ase,

mat eri al entlre stal line

satisfies g?tflf fves "F?%ﬁﬁrPEr‘{?F GF%EzE%)SIg“?i@Fnef% f@)?é‘i‘fﬁjlnég an
ddctrieirgnd s@ﬁalﬂhvlﬁg a temﬁ/dltﬁge V leathe tesistdiO Digndisg o0 effdctiver

rg%‘l] gé:’ \I/%SR % m c Zr r eSI S - g is %ltlrﬁenffjl m%lel%enn?etraseu deda and bP, means
dfia pgagl Ow“-fmllculn@[yhekﬁéecn‘ald@ubat}@deSiStaom \tahle natb(wé,eteeupmd from the
eTeQ?rlc%a@ Qitgl}xthT}qudd%ﬁt Jﬁ%ﬁﬁt ﬁl%ﬁ\in?eea n‘?in g% 1 ?dr g{ﬁ@l!)ly

gener ator for provi din ectric rea
RAMTRg thy resisiacs wueathe f\‘ﬁltebreﬁlﬁéncﬁ Bgimgy be prefgeablmal@h*ﬁg them the

redues offck §C Uik ME by tBShMmirARE Burdedd IULe. R;-2v/ RE1Es2 e SIS B Mition is
then fl.ows. This curren] be .neasured and, by neans

B e PRRB S e e e BPERPRES ISR frey mEREe
esaslissddasicdliyval ue may be determ ned fromthe 25

oot b BTl 26 S50k hy T S
mreddisg artetricatadeignal hevifigr tehkournesd itstheresistoRThe wed/oubeircuit

fglr c@teﬁﬁiﬂﬂ %hec‘rgggtin@é VatlLF%n‘I ttﬂg el&{tgéa@ﬁ%/ s?%&ﬁ%% th/v%}\e\égug etﬂe by

m ni m current
V@Bqtg@pyqr@rp teggstor, and the further resistor, if present. The read out circuit may requlre

a minimum voltage V for reliably measuring the resistance value. The further resistance Ry
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nmet, the resistance value R, and in particular the
maxi mum r esi stance Rmax, may be established reliably.
w@0nodlopmsnat i vel y, the electric device nmay conpeT/ER0e5/050923

read out signal generator for providing an electric

read signal having a read current Ito the resistor.

The read out circuit for determ ning the resistance
value fromthe electric readgsignal may then neasure

the voltage over the resistor, and the further

meyplsi prefesebly prallgr thae e mintmampvebiage didividqdrhy dha reafeaprens § ik r e

RE<VA KHIdILWHeAQhiL RERitn 1%etrtﬁé le@ithite VRASHEY Bstah®hed reliably.
resi stance value. The further resistance Rhn WO

2005/ 09388 epekle F’B%SGK?S’F@%Q‘ante%dlﬁfﬁfs’aﬁnﬁirvé’r“&r"éb| y

mwafaédhe@erreidﬁ@ae ‘lia{]@es Wheh Mg loh@@@rvedibitered@shcbyalidiSavh ik,
cur.ren ndlt

Wh
e et S5 EUA D e iy R i Bt R RO et Sy
reBisiinca vileds] idbihge ambdepertetveat 2 ofd W,Helargat thamedtitait eninimum
I
S SUADEE NS (R RE IR B ol RBURLRAGER RS
seasm\myaiﬁthe read grquit usesl forf reedingartithip tesigleeng yalg Re Fie sensitizity wey
béjl'nrnteg h§ e RieblR £fRnertts §fdh aﬁkan%gtélghsed Rlerddidagr bGhdNeffects

f erent resi stance val ues, i elng an I nteger

S%bméaéﬂﬁgezuﬁ% (ER/Rypin gy R pavebia r lareeidpand). b S'fﬁhﬁﬁ P A4 larger,
sucB bl 5 MBark@Sd.soance difference, (dRRymn. The | ower

limt fo dR/ R) m en t ty. of the
read ci r@l‘ig‘im{%)é‘@y?% FW‘?EQ%‘? %egweﬁﬂp\}e ({Iﬁ%"“}% ftlél%/ag %‘éta'%fgl ue
vdRies, Neeiigein Sitdget lakger mmytwobmdlthemldceﬁt dbyicd hay fettiee temptise a

reo<ltl ﬁg‘g ? fc?’r%?t%ﬁm 'Eh%rxlg's s’?agx téllé Slgag é%a? ?gtﬁéxgulﬁ?%z&%b{%(on
dinainitée tetyead twmewancav@ms hmzma iglative resistancadiffreme darger than

ot e@l[lag & a mmﬁﬂfﬁhde@éztagleﬁelgt{ve ré%fsgiﬁge dlﬁergxce QdI@R)mI,h?her r@t?o' SRR,
be sw tchabl e between N different el ectri cal

o?tb%ﬁugleea Freigtanc Rie ey thaminén g realﬁfaliwﬁ Re@é the flayprpd thetphagh change
mtaﬁe@al nRpchtitHe/[Q hﬁw 1|)}“>(diemmg; Sin Y cabdld feligdle QIR IF TR NA
ad out CIrFUIt g rn1n|ng t he resistance val ue.
r@“tr‘%sff’ff“%?u‘ia“ﬁ &Y, P% 2 be able to 15 discriminate
bet ween A mferras istealioi of/lainabels: deguming msadednaltel nyigimum
t.an n
dlffgr%nc% dﬁ g E}L]%% Sn 191 Lértanl %El} %%1?1&1 éogtgwg%j:%? fa e]'éc%npelectrlcal
reél@lWCR)fﬁve,s ,R -RThvénﬂammostllldﬂsRnwmd relighly tIflk isfteq sntpdthe further

rekiS8ics k@ B{St‘ﬁe Bﬁtﬁer%s@s"tor (S sHL LM RS RL &féﬁﬁm@%e @fa t he
| ayer i)ase change material rmay satisf

feR‘th“tciBI@f mh !xy avepePRyssichrophmatiiad a%daré%fu&h?ré%fsalmeef\ change
of tB@QuincObr thd18yeN ol pHakLdnanpl nra%ﬁhlaﬁ@nss@wlaIa%ﬁe&lgéraﬁ/thetx&al

Chle\#ﬁd ngg@re erred limt of k may be
reyipnse Whik i © 1 TR di fference

dR=Ri - R, Tht prelfenhdll(wgsr timitionk ﬁgﬁ be padrmimed frém aredelMjon

dj acen ct Ly e nce I :

AN R U e R R
digfmhde defined fhowt. Wiéhen sptisgiingt this cendR¥on fayfthet lh\&erﬂmnttdﬁ érthls
C({nﬁr?lln?‘ﬂag Qq Be g rﬁgﬁérl fBlht‘ﬁé %11Iff%re§cfefb@lﬁfe&?/tﬁclz %voq &g@e

I st an ayer o ase
v%mngefo%rémawhlalm ﬂteH%;rg?smaéwevf the é@aﬂﬁsame@ R @tp bofrdhrpayer

o%as@fcthF@mﬁt%ll st PRRRer sistol @nd RY £ ngfmap RASRIGLIANRE the entire

materjal then resultsmacané; he total
length li¢ in Fig. 2B is amorphous. The number N of 1fferent re51stance values may be e.g. 2

or 4, which for (dR/R);=0.3, and the example of Fig. 2B results in the preferred condition
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resi stance which is too small to be nmeasured reliably.

The preferred lower Iimt of k may be determ ned from
wo b@soedsad i on  k/ ((1+k)*(N-1))>(dR/' R), i n wher ePCT/IB2005/050923

(dRRRmn is the mninmmdetectable relative

resi stance difference defined above. Wen sati sfying

this condition for the lower limt of k, this 30

condition has to be net partjcularly for the

di fference between the two | argest resistance val ues,

k>0.4 or &, grsperieRng orii4s Ihe-ifey twp bits, Sflgé8 may piefeeablyfhotdie this

k@, k&ﬁ%es 5 20581 R B af Thabh Jeiiﬁado@u%hhe @afyemeﬁa%e aﬁagr&ge

materi al further reS|stor De
o a4 e SHBET Bt O 25 1P éntft %aﬂri%{/ kpﬁmlfprgthe iop ilferent
SEARED [neiBSve eXdiepld) IS @dngth | Of thelbrhérBid@R parf i8GbBELIYGR oNBINtI€S

BolmaFiT g s vl ik AR B bt

dROX;:2 00B4E88886 iRCHdsing2 XD He D2 8xanible (R>8; ¥R,00.8 Q whereas (R4-

6?1%?'6 7 ag}ﬁes‘l %AO?I'E s L\%:dﬁut o!fRz. andrl% Imo?e"@ftﬁul% t%%n %e rea&o%t Qﬁé

R.o 13. The total resistance R of the Iayer of phase
change fRt&rdrakosnty tn@fc‘mfaﬁ{ fat ﬂ? Eacﬁ Bx a%ijagént El@t‘é{] di RayXdepend
13.2, 24.0 and 34.7 kOhm for four dif

gt éttcfé tha (HnnrlﬁMRaua@epre&eaﬁ*ﬁ!yéonS% This higstthe afiveﬁaae Ff@t the number

OB FEDAHIYRARHIP Ak btarlcB GIaRASE Snchi¥sed f&@lib%ﬁxﬂ@ hmﬁmarmmve difference

(R Rier TSHES 50 b - Y hd e M Rreg e /MRS [, e

difeeameasemeawadies RNBEEBsSHedlFed whenail; déﬂ%ﬁdsahomkeelxamm €onstant
] - A = - Thi

BRI RV E s s T e oo
Altemativelydibeitame frurpllerapiidn tiiRexample faua diffofentareedshls tresistance values
n'laE}cBE SORRNA with of Qlﬁregée‘al?elﬁt% régiaﬁ&%ﬂéngé EII@L %}/R,g whidesults in a

dépend 10 on i such th
n&}ﬁ?ﬁ*@i@.r??é@lépyth%@ﬁﬁaa?ﬁvalw| s has the advant age t hat

the nu nbﬁlran eﬁfgocﬁrﬁéma;m ﬁhasfe%ﬂeﬂm@@ hnBtefiR ShistiRARS € cHALHURS pit
for the sane mrelative differe

NS d d con £1ks ogndi
ERAGF 1 ConRst TR g AEOp i"“ta&??rea( RO SE9RAT RS, conadyeippth
btihg srﬁaﬂafmdnehesthﬁ\amﬂaﬂ al%agnd tBBseemghbntad lafeh.@ic@e) the term “contact
areg’SIdC§{19 %%re\e/l ‘riln ‘%q??lh%e é’ons han d ne1§er1 15 e V\{IJI]QEHIX cam*e]gtgtp BN ?rles to
an elssctsqahcm@cma Isegh@s \mvefnstdbndustokce plte se@né taducternethichHs / R1
ch‘ﬁﬁ’&wjo? a %tehal oghgr tﬁlaltl ﬁ'l'é rﬂ)ﬁé}sé Mﬁhge mettQ%l $MEE kﬁw}nﬁ(llc%e pﬁaEE

this exanple four different, tTeadable resistance

chapemateriakisjocped GHORIORBHRPRILYR ths side WéIFSéﬁsV@tfh eS| PEQVidpg with the
R SorAhRNCRe GRARGRCT el siRhilet Marthe WRksGBetioR SEihE sonldﬁbuae path

t abl e readout of resi stance val u
“EH{B 61H§*1’¥Errﬂf PR AR ﬁﬂiﬁ%& SqrRRdsop C"O{:Br‘fgfﬂeftff{ té?éhe ayer of
phaB dhmgel nvageripldit bl second waneat Reaf wiidiis et et thafisacoatack afea and
v@o R 8%61? \%gﬁeac%%s% secgan Btathg {ayer of ?}}Saseecc I?r%g m%{eﬁal fn the l%nown device
theghese ehan@roealraln d vohenesd d@nvdasc olmingecrhateniab rhickegnanris¢shilge first
cgrﬁgc%reef: %9 ﬁ‘l{er fg(!‘eeiae @l S CHI% ct Eulgg I %r F‘t‘?/e pHas%l’)a%?esgn(? the
ase change nmat er|a I's electrica connec
cgréqsp@émg bigh ayrers|densitigs aay ceusngy é@@r@ratm% picthe materighaviighymgy
160 B eteREratih of 16 18861 AEliEONPHAL AL whAR kfebhiss chhedRas el
of a material other than the phase change materi al In

c?rﬂglsﬁsrfslg\m/e]déwttvg ayoes sblﬁhzge'l“ e. In the electric deviCe according to this

embodiment of the invention, the minimum cross section of the conductive path is well inside
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change material is located on top of an aperture the

side walls of which are provided with the 25 first
w@ordueisey . The first contact area is small er POHIBWOR50923

cross section of the conductive path inside the |ayer

of phase change material. The second conductor is

connected to the |layer of phase change nmaterial in a

second contact area which isjpl arger than the first

contact area and which is equal to the cross section
thfphash ehdngg/mpterds! ayshies dike ndirgamoraeleetiiaflevice at the dird profent area.

Tgf?éﬂn@ﬁ deﬁsli‘@ 1§%H§§§glﬁ§l%ﬂl@ ttfé‘foﬁéé@ ShanBe ﬁat&‘i)eh Hrﬁ@th@xfefow“%e Joule
hase ch ange materi al  whi omprises the first

h??é‘l*& i3 morespteglive Agsiderthe phase é’f‘%‘lé%’é‘ateilaleThlsadeLlcFﬁ the 1&6??‘6%?
béives thd &1 dhkrig¥ ehapRASAd B 3MEEBatah A4 he it ts S HANEE gt

h curr densjties may cause a _dete rati on of

o i P he SRS oo e R PR on of
t he el ecindnembedinest, a part of &k torglubtave path @avidgibe @basetion
c(?nlgﬁﬁntgs a @&rﬁe +tﬂ§|h?s|§]: cgarr';g ?t?x?a(l: tl? le‘sotlu(%eehaa}ég% g{?gléctrl %l rgﬁg mée
whith isdargeribangh etﬁthtecal peget fegisiance pigheimy cmitmt @re@ snsi/cg efdhq on
séefmtc@sta&%q Ut ¥&Qive Qf vbhe'th%r fﬁ@l}lllasé &éhééqmmaﬁg %ﬁ@@é%ﬁ%e or
| B2005/ 0505 hase change materi al

ﬂﬁéfconq phage. Flhsuf}h@l ql%meepe‘et ¢ foule %@wg@ethe Hist QOH@thal ep g@dfor

R Ye@fitl cakt@A area 418 ea&luﬁlmen thatl@B smeyhaaﬁngt ihede thd @'ﬁ@ffetof the

nsi.de the teria t her ef or
P et TR s PO e e TRG rrteos o i gleacions
beth&mg}e pmieejha@le mafEFiklsind el umasmettdsredsl anthe fiest Edn@idtSarea and/or the

s&):oa%d cO le{bﬁ %qo 51{1 %E%)%ec[r% I rajllc%l ({%lhtlon a8‘$a S%e is that the

eri ar s Gt ace
elegritabrawen isatissipated, - cotnertgleio berd lmxﬂy aiche laqcaean whesadi¢ plepse
cﬂaqgeadecdrgfmy%ﬁgmg %%&B&i%n af ﬂbsxﬁansevm%qhyﬁfa& chaheP 85k n&f
t he conducti ve pat havi ng he cross section
ogyh deitgestrigalpar ereIvgrd Phindecingamigee eatiémiinieducehe
v ol ume hﬁx‘éfe?@)lyaﬂle QleBifibal keGigthnde @ﬁth& LA0RE is 13WXr fan ke electrlcal
resi st ance .at

er. than arlhﬁ ctrical con({tﬁ
C‘P‘itarc SIFROE Aot PR ArstaoniAs preg An "ese"%‘lé‘c%}ﬁta"t&r&?rt“ﬁ%*i”e“%\‘ d
Wlhéth@ﬂﬁmhsle‘thargé mulagdl h‘sen the iﬁat pliraser tb&mm@e ph%é @i thizlcadesit is
i I,St ase or eSS0 d S uch an

ass re& {ﬂgtltc ea%e | e Re § V% | nécq‘a§ %t“ﬁ %F Ph ?&a‘?ﬁ%t act
rrak‘eel and/or at t he second contact area are each

snal | er f’x@@f‘ab‘yhﬁxe é%&c@regﬁﬂké Q&hé ﬂ%ﬂ Qﬁta&t%a\&g& M s&:t)nd

the phase change npterjal where the current density
couiactyregrare sppligr thy k0heY cm'édy e@éese thea therfissipgtiopafhe first contact

axlaesdaeemetsaempmge aeéaasn@euwseraual and the ot her

mat eri al rst .contact _area and/ or the, ond
Tontney. BreBiaoh Baabhie (G RRrEplue Do ToRuDR afbgisesy proce
clendlgh mdt@mwltad\z@mmmon Qaeéd'kfi‘tat Ite;h;el k. beﬁ;ﬁﬁﬂgemlthemﬁmhous
limag% }galtw%% atn%oﬂs of Hle orcﬁexo 5‘#’1% ﬁg rhné;ghls ree%glts 1n a %Vl!CMIH%%lme o:felO to
2 heeor tiss ssrhmmllqms fat re]@Dml}t fagh roserwtweroéthe hbctph a@e:ec hang e

does noty, a‘ﬂ%&%&dlﬁélﬁ €hd @ﬁ?e' chHo8 flfekigal 2 Po%’éﬂg&n&ne&}%rﬁq&lg

for induci n%we&) ase ansitrron is red
Stor. & atitalgsgtis ‘éﬁSéétOrﬁ_lcaaﬂ M esdigsqana R @O elempis sescigdiion ghe
glloﬁg Qe I AB, &) G Aromll Sh CkionaAP HhAG e b L RNiGe RlatiRBL N

first contact area and the second contact area
SrP?“ra&ob%&terg\/ lesghan HOMR BETFRSE Of Weerﬁ’i?%%"s &l A%y E-Bmaf: & Pal
whish Hdndt Bignifficansly cithgste oF stilRtise4aneEk ¢MdiaRea.brdaRddsiibshavior.
case, it is assured that the phase change occurs in
the volune, which is inside the phase change
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material. Preferably, the contact resistance at the

first contact area and at the second contact area are
W@ pmbi023s3e han 10-7 V cnR/ A because then the di BST/m2003050923

at the first contact 25 area and at the second

contact area is relatively small. Preferably, the

el ectric device according to the invention conprises a

phase change material with g crystallization speed of

at least I m's. For changes of the anorphous phase

havi ng diThedesirisdsviesfaceording atbis agpect DOthe dve@ion s thdddditional

aﬁ\edﬁfal%é tﬁat'tﬁ?: @eﬁdMQBﬂté&g réduﬁ@d lgf svx;lighﬁ]g frm%Qheﬂﬁgfﬂ(esﬁt@@ S,

for realvey operati on

a@P@é@t}S.S@tea%\hP lo resiivg Wyéf?ﬂl”éﬁﬂﬁ’éifl idatver th%qqtéatﬁﬁﬁlg émmf%?gfélc
dgateLThidls phﬁc@armmaﬁgédu@ Whex usfr@ramhaed%asmd}fs to sMittthe

[ 0.0 I ng one or Nno
B dite enstbom Frohio RO RA O Gaos A e faetor
able o ﬁmlmwlly&’relaﬁatyl staid [vblyage tThe invedtes hale eﬁabhsﬁemlﬁpit thse
bre%!«%twln\(/ %? sc%{r%%)lpr %qu Fith e %ﬁnd a%%g’ 3t &1 Ghse chan% m rlal in

ercent, t S SucC
tlwrﬂn@rphd@ statst andlitlgphihe banalrﬁab yleardasas g\ethtnh:eeamng/ 8t arhéung atefembly,
R S S e e e oy R e e g
thahthg Phpspeiepgedtateriplecompriens £f loast Hapomip gergdiy Pt qng aapore elements

1\@d%@[lieaﬂ@11st\lih§tthetsﬁﬁ1h@'ro&ﬂﬂfecﬁﬂMph\SQJ $ra@8s mediked & thdhase
switching fromthe h resistive anorphous state to

chgnge PaigH é’stf‘%‘ir’?‘\?@oﬁsr P e upsirddo relativeibieh damparatrea
b@iforetstgalﬂémmnﬁheﬁﬁiféJc@staﬂQ\dﬂuﬁl&)ccuTh| s is particularl y

advant aggqu er ade anteg a%ctrlc 8ev tgca I St Sm\}egtlon res1des jis)
I g’ e qtv

the 5 el éct gcalse
therfam shasth@ressthawef tlmcwstzéhnedlhm nslpmrsthaanhht artee kiivenekdrie

d@\meeTltle(Pef&E QHé cﬁilﬁucqms s 13 t eed Oﬁbﬂ\ﬁg l})Maﬁg‘%%)Jl'nalYeﬁ (ﬁ;aﬁlglgse 1T!ﬂ§

I nvent ors have esta reakaown VO tage
kaeve] destrigsioyiend plipsing f9r swvma of pravep Mrdeoyerpthe fortaserepipianse
bet3G R Rt Bhdudbor 4nd thelphBseRRH R H@féﬁalsén@tb@bweme tddatd chitRictor

band gap decreases with increasing, Sb
aps %‘F Bhaspihgnee majeral ip the glegtrig H@Vécer‘i‘ﬁ‘toéq‘?gatf’ ﬂl?dﬂ’fﬁ‘ﬂ‘@’é%lo&f’r than
thaemslie ﬁx@wﬁél@dﬁx&de@@f TaBtallofs thouselof a bifial febifidstk@ktapir aﬁfa@ﬁd‘/@d

10 f |
sefan %on%ﬁ:t area 21 ?r tgef eqecgléc Vlc%écgrdglfggc}:%l% Iﬂns\’/gn ﬂl regglg érb% e
shantet stwﬂshmgwmt brevest dibiiniotphowf phedeendiro pipttaliise plagse | s
I ncreas eﬂl tﬁﬂgectrﬁ%eﬂ&aa%@ordgxg PYE; 0@1&1@5 5 alfeparfl&?lh of Te may
s p ect ed

armrphou ase may be su to relative

be Byep dam infhedgrowp elﬁﬁrrlfedegicgnm hag the a@‘ﬁ@tﬁgeath@ébpsvhase change

n{af’e'nﬁlrlé’ﬁ§s§édch‘7ea\tvl|n€lﬂn@§b§/@§ fhe sthbifity ok RS Ele@HY BRI pRticdifre
Ctrl ¢ devi ce accordi ng to the invention resides in

r?esﬁoe*ﬁ@ thejpiprizep Bitw?el’?éher@??es‘ihf“i‘ﬁe ERFicEP! P e CPRALEIGIs|cpTgsted to
tp\haﬁ(ﬁlcécs Irl AW¥i6n, tH3 PRast lﬂl&’fdngd: fateie oRIROWBCtEd @S/ick a€ording to this

h t | |
e et
wihe:h lali®ys farl Highwt prgpessiong temapratgre0 Prefeoahys the lvbase cheagg matéraal is

e tance between the first conductor and
S‘?[ﬁgﬁ%ﬁggée%r%nge mat eri al, and between the second

conduct oPrefegahly, thienerh prnee @m@é\/l emRise S apdion GreAn electric
d?\h&%%ﬁlbl@sir%%\ﬁh% RREORAERD cbifprishe deMMEBL GORhskiR A1PWREe that
an

the crystallization temperature is relatively high and therefore the amorphous phase is stable

up to relatively high temperatures. The crystallization temperature and thus the stability of



10

15

20

25

30

20 that in the known electric device. This allows the
use of a smaller first contact area and/or second
wa@eosagis3ar ea, which for the electric devi ce aPCDIRMOOTN50923

to the invention results in a shorter switching tine

bet ween t he anor phous phase and the crystalline phase.

In the electric device according to the invention a
smal | er amount of Te may begused than in the known

el ectric device. This has the advantage that the phase

t opphapp insrepsgs Witlsingreaséngr Gpandioy 82 copssiBtiqmpPietpiasly, the

phi}e c&%@eqhétérfaycoﬁfpmgeg Be SARGIGd & cORVARRonsIWhidBaHK fotof btk BEtween 5
reacti gns at %terface bet vvegn t he phase chgge%e

2 BHOHF PHEFGL f”ﬁ@ REGFeRb by e R &1 demic gerognf I
pE@&ﬂéﬁ @fds thd phasectlardet @teridl Bempias Rsohauedmat pirtedl of@fe teb@se

tr d di to thi. t of th
S Rl TSR AP0 e Mt
réllrvely dihh eaxlgy Tie reguited ind mducwlalphdise anbsirins ffomrthdangimeous phase to

tllr%:ac es?iﬁizlfz Blgisg grg}%gﬁlﬁgyga (ﬁfstal i aﬁgrfg @QJ & re%sgsewl%lﬂq}? ?eagggﬂg fotal
cpientestien erGewnfi Ga.dhisenendengs @fdhwrbf%ééh@oramndwome GAﬁndfor

& Bfdehittafion ﬂg’eﬂe%@edqQE’a?ﬁsk Sk @@s@llﬁ!&ﬁﬁ% &hange materi al
conprisin t he advant age that t he

cryst al | MPEOYSrt i éh%@r?falﬁﬂ féa‘i the phasehpnge ptepipl gAMBgRgS less

tﬁeﬁllf?,ls t@tfoﬁi[cﬁbeltcbkﬁ oBOR bR St HHEIRS Gal_lgﬁnOSﬁt&Bbﬁé tlllelltﬁfféréhce between the
el ative enper at ur e crystall.iz
BBt a & B GS A Aot b Poy SR s oRa oy
vﬂ’ﬁEﬁ/niaBZdAﬂ)ﬁa/ r5f9@En mixbuirigeharwispivo LiSefolablg ahd phaseahaes
xﬁt hl éo&%ﬁs%gl%%sqg‘m% ng:/p%{; eﬁ’ao %%ncent ration.
ef Rase f¢ ange nmaterial conprises Ge
and/ or Ga"l Qe emmﬂmmrt thgtrhasa shansgk alatefipl comprises mrapd/preinween

P'i_’eferélﬁ t&%h?s% Ql%ge ﬁﬁérﬁ?&hprlg&rlﬁ aﬂﬂ&fS’?xrl@MnyenQQﬁo\ﬁ?@lﬂlcﬂ-ﬁl total
25 atom c percent. I's of preferred t

W@@%ﬁ #FA aiemicarereant: 4 Bli*fﬁF P%@@ge mété%al £PBR1isDg ha%néf?r én b a
rél@clv‘é@mtgh nyst@ﬁzé@@l@ @é&ﬁma a @élﬁkﬁfew 16® niehRg Gmpsiatikd, ivERA iflies
nmeltin at.yre. ar

{
R ARy b a0 g TR et aute 3R Rt te
spdoad ghater AMSiften atvarftageonstifitee plrss q:}iamgeanmdmls®nmoses firthtetal
t ' d
SUSLRbd50 NS 00, Bl o TDELENS AT T R
@plaﬂqﬁapmm'ﬁhlys%d@pmcrm@teofélﬁew meateiigly st al | i zat i on

speed UPQfeh BE phRe &R e%tergﬁc&%@&nﬁ{o@aﬁ Jnella A0 RS mits ed
to adtust t he cr stalljzation speed. 10 Moreover, it

Ppiseny P6e T € ﬁteaprﬁﬁ%la%d thap éhemhasseéh%a Agisriphdyrer comoprises one
R %ﬁrene‘ﬁﬁﬁts be&d fibhanandSn @l OdHcentRBSR BBbwaD alGiic ﬂa&eﬂus&

gt P oreoBiBRnBATPRIPHE b o0 ToRSEg LR ArREne
phiisy dteatb ke Ip&zsefmhasc@el afd/orebantund/@telatigeiialobw, meltvy tedpeanayre Hieeeid
lglehpreserf,'cg 0@01’18 |9|r morgglaf?lg r’[SI SrégCt%:H %’om%g hrz({e %n |C :S S P[ ﬁfaﬁ r ggl y !
atomc p ém‘einanoofof tm emme'silmnntomg p@n@@xéngmmerlat ih e cohRpsigion
of Eﬁ’lﬂglﬁ Sﬁgb oo a+b) Wb 5@@@0 | @+@rﬁg{1&1ﬁg §Grmc p'g{chftf%ngl 1%]@ymg

ase C mat er | al conpri ses

1é@#bcfefiﬂnfi 4t Mhéa meﬁ%%h andX pegngpne oafr@reoeé@c%@ gelestedfgpmathe group

RGeTh A EL,ANRKd S ARNIAS Be GRBNISNIREA thettdv2QBPhhShdghatd)

and/ or Sn has a
change material has a relatively high crystallization speed. Optionally, the material may

comprise relatively small amounts, e.g. less than 5 atomic percent, of other elements such as,
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relatively high crystallization speed and a relatively
low nelting tenperature, which inplies that a

w0 edoand3sed y | ow energy is required for induci nBCT/IB2005/050923

transition fromthe first phase to the 20 second
phase. It is often advantageous if the phase change
material conprises in total between 15 and 25 atomc
percent of In and/or Sn. Preferably, the phase change
material conprises approxi mtely 20 atom c percent of
t-bede Sn¥g whickfienot Wae ficantiyechpips sl cohatigretioneiné thealectrical
G&%B%ﬁﬁ&a&x& total nore than 20 atom c percent of Ge
Ga, It is preferred that the phase change
mat er | al I irfvietpecepnipthp elegers feomprises eyt dectticedering s

&Eﬁp@@ﬁl@ﬁj pﬁaﬁé)matlg@ i alRBm i QRO RMNE %El@/a‘ﬁﬁée e tﬁ’é’\éry?hgalhzatlon

atom c ig’ The el ectric device according t
EWB%‘P%%{FIaﬁ%? highaa thetelpgq the pmegphout Blkise is sigblg fip forfelatwely
RigD e btsres. phase due to the presence of Ge and/or Ga,

and a relativ ture due t
presence Igfa & %ﬁbo%g}enh&e gf’aé? Qﬁﬂ%ﬁ% éﬁpéldesf“?‘gﬁ? ﬁs%ﬁ?}mc
Bir¢ent dnd less thard2atomdnpeofenttoliGs. Ie tmsmels;erlhm trystﬁlhmtxpﬂmmeerature of

R AR S oo 0P 200 Ml By el pgvain

gmperptare p%lpweﬁhaag&édeea@ﬁ (éqisyqsn@e stabilBy af the em&phovd Pmﬁe may be
L0t M sartiediar W 1S AR ge@&@na? e gﬁgAgcteglt@ f%(f@ly high

sel ected fromthe 1grou ., Zn and Sn.

RERTRres- e He cypta Faé‘ﬁeﬁ?lpﬁggretlﬂéghea U’éﬁ gefdeeteppEelgiysesuch
ghage250 talsgaaag €elbiad, e Edla’iﬂvelfﬂ Bigh &Vlfdﬁh@bd)%@l i/ reBihi8A to induce a phase

ation , _the material nay
EBhT e FRPRPRVER GRS o R Bl distg. Tecs than &
at om C pdtis ehvintagebusof thefirsieloeta@ ates issutatierakan di‘ﬁlual to the second

Wﬁ gﬁﬁe‘ggrslp %Jt gx%Q Qa@{ng%%ggg terlg'éc gnsion'%s n nii)r %S d bem

o not signiflcan ang e e crys
ﬁl?ﬁéleftthf’e deThigemiodizient dfthe azkvémwn lﬂj@wémndhe f011¢w1n§ insight: in order

RBY N RPEGMHH o ﬂhaste B8nsBlof ﬁgﬂtthex,rﬁ:ﬁfmé phsse toe arf?&phous hase, it
electrlc devi ¢ conpri sing phase-change materi a

1é belq.blfq § alt]‘ale e%)hﬁ%‘gmf, he tlgotgxgrﬁl a@@h thg shasejghange material cools down
Iﬁlayéiﬁpa}afulreilﬁtdw&ﬁb crﬁstameamrtaﬁwa@ré $ sh@liiat thatethy etz asd

th f t t abl )
B Py e Tor Sl P e = alist B cwigine
plagesk thidrandjgonriate nieg khemmmr dnsogyshonson &terfieth sercrldfal oo diiring
&gﬁ@%ﬁ/ q&qltlkgﬁlsﬂi]etsjggg I?age efgtbgmecth&%a& i fe %aes'e trlarrgsit}oglfr‘?’)m

cas e Crys | zat enper at ure
Bhemdallilahge torfea aerrqrﬁmua @as@et nob passitlle ocamtlzﬁs(bydegmms)rs

ﬁ@\k Haths 1ca né fiResGlottifdlotdez &t R n[‘hJ:QmBﬁﬁP&S@&lHauoﬂ tan

ower t O degrees Cel sius, the stability of
SQPH'B? Eﬂ%&r@%r t',aﬂl?é&eéoﬂﬁgg tige. prefprably £ legptdyio, timep, lawr o1 qver) eﬂeast
ﬂM@eﬁm&shﬁg@l ’Hﬁtcfylstélhﬂﬁﬂéh tifle fI,HIYaytb@ 59464 @ﬁgeﬁ @udhs 6 ns or longer,
S 1 sog) r%ﬂnc TTB, tulres gtn ‘&1
8? a§t (1°1%F 7885 ot ¢ ggn rgedhiedRi fre phrshchspe mrigickes
Kée)gelcmspcsmoﬂnof farsulacSbgle, X 120y dagiteesbdve] is kppSoxibately equal to
Mel‘&,gtfw‘el Y. AR Ssykt %Qn'tn th wer is required to induce

phase “transi{tion Ahor phous phase to the
c r yst al | iftrigadyhrdageous 15he \tolurrs ofi the aimsea gleogrsmteridl hedefgoing the

ﬁ%%%ﬁe 1645 Qéhéra%teﬁﬂﬁldlirﬁernsigﬁéian 915), g-%%eintggmglrl‘k‘? tmaigon d

For the phase change material of the electric device according to the invention

the crystallization starts at the interface between the amorphous phase and the crystalline
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contact area, the first contact area having a
characteristic dinension d (in nm, 6a/b being

w@pes1023839 han d. Thi s enbodi nent of the i nvent PCNIB2905/050923

based on the following insight: in order to be able

to performa phase transition fromthe crystalline
phase to the anorphous phase, it s required that the
cooling tine, i.e. the tine jy5 which the phase change
material cools down 20 to a tenperature bel ow the

Pliases a9 Tprs ofhs Grstallizainartimes giveniby the iwhdrdceeristihdimetsivm of the
ﬁﬁ()tﬁl{o@i {/dhiﬁi diafed |tHEQ:rysial-h§at101t1 L:b%ecf HIR tﬁ@%‘rgric%gﬁfc%mémon is

% d n H{ omt he anor p hous hase bac
Ffé%e%{ e & belsiesr e pqipt S thehfa arsthllize apethe frserfacg he

batbvdee the ammrppdn@ lpBaséTaid&lid oa}stanlﬂe ﬁl’fa}:’eseﬁ e lstadt @3 t11d l}')ﬁas@ Sansition.
ame phase as before

resul ti
SRS B BRI A LS eale g 06 BELCTE

whepesd iafid nnne phase to the anorphous phase IS not

possi bl e. I [ h rs 25.sh t hat

t ypi cal c\g%&fllﬂ%y ht‘:%‘slte r?gis]@%f?}eﬁd% gfnﬁmly er o%eaﬂn%agvﬁefﬂ‘etaa
Hfanhireimeapiga may bq apaokioated byithe ctsm@tmmc Wendnaiog ef this hamact
atréh&TlﬁQﬂh}’ Hahd firldEsontRdt ﬁrfegfh@‘mie}ﬁ tl@cﬁ thk %%%on%h\éparga TE& lzlr&r 4&h

g ngn at least three tines |ar
10F SERGICPTIA TP NV hep FP@ Phase fhagee gecurs lh%deéliie lpp gEphasesabatgeas
1Baterizl, Q€. ava &t the fidd GJhtaaﬁaréaQilﬁth@EecJ)r@régﬁﬁct a@a NGEcHREeristic

cﬁr%%n% og lyld tﬁealg e%%h%fs’cgeel %éqrél}%%sr;agguglge}%?ﬁ% gleallgngteh Lt shown in
F%éEele 00- (a+b) descri bed above, is appr oxi rmt ely
equal to ; alb, s n
ter is sgt:Izl an@éngors M%’f Eétg% n\é%anqcopg%ous} ¥ Stnh”éa“\%ﬁ %}ﬁgﬁ ®of
F¥seelligries speshenrofengtion efithedompesition gbthaphatdehanghaseiathange
RRASInRNS. hﬁ[n@@ﬁe@ééu% 6ffihe§’é ﬂﬁ&iﬁioﬂ@anq &hﬁre@ts cgm?lhpdfvg ﬁn’rﬂ«g

éJFer than d. For the phase c e ter
Breceriesadarrion R AP 6 S P emllcpfan ghehered s n
ne, jsdrder td pmteﬂn@emﬂéta kd-Gryslllizhthd diiteQobiBe @ RalYRE @mB@ﬁous

hous d.t he cry stal line 2005/ 09
pﬁ%pr /IF ? g%@fg{l] plhéseﬁp]ag occuﬁ]@ ra%fnéer%ce bq{een the phase
change matiidl 2wt thofirst dondcios thy Iclwatehylctdhﬁenﬁhﬁ loBhE %bx‘@ﬁdu@ phase
c%n@?%ﬁn@enex%hdst @?ond%ﬂ:ﬁfr& %ltja%t areiahtﬂe mﬂ‘g?‘}f&‘? gﬁasg %{:]Wéng

crystallization spee

apRroRaely fvipathe Qlﬁeofltf&rﬁg% sttntadq aspaliceeduatmee may hen poiehiked to

B\MU elhg sBalleh@ald @Sthele@ iSh ¥Rt Bl 26 ctplli}gct %vrltfh%(% 0 tlmes
el} p t he anmor phqus phase and the crystalline

SpUef et Agmay e tiped phase transition. 5 Wien N

di ff er entn aﬁ(ﬂtﬂlb&inﬁérﬁﬂﬂthdf &&trﬁtdéﬂéé%cé(ﬁdlhge@ tﬁ@ﬁﬂvéﬁﬁorﬁ'ﬁ@fiﬁg
eredis in nm We

(?rﬁlécgor@é seeccc): a(:ﬁ%(lélc og tl1e ﬁ?flﬁ'@é‘?jllyﬁtﬁ laﬂeglco&}m@ﬁ mntequglaqlemf:@t algd
therlpedycqgmpasces an @irag af mérhorg cals, REdh Siediory@@Y chB i Q¥dpbaked

0 nsi on. of fact area.
n@ﬁ Ityh:fem%}ﬂ%@g hagg ?ﬂe Ss ec%o 518 aréldr ae%rldt E S%evglé)a 1Peﬁae[ac11 Kgmory
Cﬁf”| l}es*g H@b’i*ﬁua'dﬂt acggsgible ivig thq:mtsl)dcavegsehecttoh ames tOntdored BaBoNnd

g0t RGLeRbEgevicdhen the phase change occurs inside the
|'ayer of phase change material, i.e. away fromthe

first cotchatclepriserpmathe vird evhepncottise tlectriatly wrikble,
eledmﬁlfaﬂﬁieafabﬁfahcﬁeleo@imas% Herhcty. tﬂé@aulseeéa% Hlel"ﬂt)ry ch?fom&)rlses

ges art such as e. g. en th
a S% eﬁlce & 8/ mory elements may be convemently selected for reading, i.e.
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The inventors have determ ned the cooling tinme from
sinmul ations and the 15 crystallization speed as a

wo e0vs93389 of t he conposition of the phase chanper/1B2005/050923

material from experinments. Using the results of these
si mul ati ons and measurenents conmbined with the
above-described criterion, it can be shown that 6a/b
has to be smaller than d, wheyje d is in nm in order
to prevent conplete re-crystallization during cooling
o weawfing the vawenf fla elagricaplesigiance,land &0 weitingeme srasinaleefot he
pRASE LOANAS REENS ke Bl LhERIACE Detween the phase

20 change _mater al conductor, the
char act er TRy slesesis @ﬁth@)preien@nwnmrpwws elgtteisaly coupled to

Ql@ﬁ@ﬁde‘/@ésl«hﬂ@ toR¥eRi0f Sndd ﬁ)y&&g tot 188n & hnbSbry 91%1; ad se‘?e%ﬁ"cﬂl
ghe annrg H% ghase havi n EYOXInHte g tw ce the
VIS REF M FRe fisyrete m&*a?wa?}'tto &¢ ad anfpwitenyiihqubinierieripgyith
infiematioa sfoﬁzldan(ﬁiﬁacér@ or r&ﬁétbmbnﬁbﬂ?@elﬁ;fm{hk @irayt BafRratly, MO fefnd

it b O B AT B A 58 P
ealdstehi dﬂélms igeflude field-effert ransisto chipade jumcitomrtahsisgprs, and Hiedes such
ésrléﬁgx% h‘QIH d 5? QNB Cf[ %075?02 EQa&h%ieQ bf ttietl{' gf{e%?t?arolsqgor(s: ‘Pnnc u%c t.IPQErT and

t he resi st of cons
Brlakfxite ser%eﬁ@duqtmﬁeus@ﬁgm E@ﬁipﬁorSéM@SEET)eWw kmfwmﬁvm,rfyg WO-

A@b)3§028e@)&_hxpfé§mmﬁsm thel &R ARAOS - DGisBrs aﬁ@ﬂ@@é lk4Bsistors.
t and a respectlve sel ection device, and
Eerﬂ%rw aélétPM&ﬁ mpay §ue. be dogprd oRstfipTane chiafar (IEPRg

mﬂmbmgﬂually accessi ble via the respective sel ection

lines co th ective sel ection. deyjce.
Such an e Sé% r?uc?lt] %36 i gge %éﬁfFB‘ CS GG CHRPAg AR BOFS P Which e,
igipdestthat Gwlnhupualuiisterabbatyeen edj@ettirestsadrd iy saiatahdse erbrelc devices
&nfphilihd &&ﬂaltaéfri@rﬁ?r@rﬁ%c@or e 1n\%g§%;’l§rgsagﬁl e ucm&f y cell

conprises a selection device
el ement s Irage sbodiman dheiselprtioy deyéde cornmidesf ad‘floﬁlﬁﬁﬂ havg;g a source

fegiBh, a\AQn‘ZIQQgA AR3G3Q rlg fo/ P20 %ﬁ([i Qissglggc%n lirke cfnﬂf;rlses N ﬁrst st

surjng the value of the electrical resistance,
sggf;thﬂhln?si, e%fﬁei selgction; | e NjandM eggg int¢ggrg, pap AROwput hne the first

dondanrsr bf éach lfléxﬁm‘y a%elﬁdnf. BdingittagiealtyQomeSEL1O A Girdd F%%% selthi8d
el enent s re i nventi on
TP L B e e S0k RS

fseéd foct:u tansidtorntbs second oomlgetortof edeh mmnarymﬁﬁﬁt)belag anmcénlye
c%ﬁxlle%féa Qe &tﬁ?ﬂﬁecfécolﬁg ge{%}ok of Ak corglfp%%g?l %me 0x1c{eysem1conductor

read and writ hout
ﬁeﬂﬁ %feﬁtﬁtap%ﬁﬁorsww@asqleﬁte@lﬂyraé@murmreglm @lerdmmreglooend s

mcmra:s fréf,r firéhY the BRNREBA, lb¥ing &1L RIS EMcted | {orb\ﬁg Gi t&é? R f§ not

the use of any specific ty ection
581'@?}108 gnes &I f@%lmb‘remgﬁ@rﬁéaﬂw GPIIEEH te eae qf eI sreond selection
Ifneel d-ef fect transistors, bipolar Junctlon
transi stor and |od such s known
VoA 071 O isgTPRer BB B8 3ot e comebin i e i e
seladiondevi@FET and 10 netal oxide seniconductor field
effect transistors (MOSFET) such as known from e.g.,
WO A 00/39028. Exanpl es of MOSFET i ncl ude NMOS
transi stors and PMOS transistors. Furthernore, NMOS

and PMOSTHRY a QMR Qﬁec‘s‘%ﬂﬁ@ deQhc idiRe A@0Ring b e §REntf

be further elucidated and described with reference to the drawings, in which:
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technol ogi es. Usually, such types of electric devices

are as conpact as possible, which 15 inplies that the
woniosah3sad st ance bet ween adj acent resistors i SPEIEB2005/050923

In these electric devices conprising a dielectric

mat eri al according to the invention, crosstalk is

reduced. In one enbodi nent the sel ection device

conprises a MOSFET having agource region, a drain

region and a gate region, and the grid of selection

| i nes cofipy i4aul 1§ schemgticaliyedepict thenudldatiesgrowh siecienisin and

thgﬁs%gmgﬂlegﬁaa% re%le M bei ng i ntegers, and an out put
l'ine, 20 conductor of each menory el ement

bei ng eI é%St %f{ eI 2AByshesbihn aetigence ef slayer pEphaseaingamaterial in
cdﬁ&btﬁ@ﬁleﬂ“urtlfel‘ RNt a FAELHSEof tﬁ@le%h 8nfle SR pit&hsd f@xgvlaﬁgus
e

met al  oxi sem conductor

QI I espo
LF? %ﬂi’ aasﬁ]%elngil%?mss?aﬁtéoré SEBR QorEeshrad e 87t offen elggiric %ﬁlﬁb ry
e!enent g Brgenhipaly shewd by emB@NAEE bEHe éleetddtRviedt put
e on R AR SRR e 05 o 214 PERETLRM 5l on i
m%@W@@f@@“ﬁ$@mﬁﬁh@H@ource regi on and the drain reglon

and 25 @ Ifh altb}?\*sie\tl b gt)a.]i-f %Stﬁg efn'bﬁ(ﬁ&ﬁ[tﬁgehg géctrl eciewge ata

electrlc connected to one of
ﬁrétéraé%?fﬂéerfn?nluﬁggrmgt he gate region being electrically

connect et b R Qttidh e M SRR ﬁ@%a&%ie&? Blecttid RGRe of N
Fi E 3 égegp&}deV|ce the resistor may be convenlentP
¥t Qg ‘th the selection device. 30 These and
ot her adjetis tqfvxém?fﬂei ;ﬁm 6fitf2e &Eééieﬂﬁ(ac&ﬁ&fg agh@ae&rg dgtl@e
' e further elucidated and describe
o \%m%\éﬁ age?%écljréantup SCPHE PSP ngs, in which: WO
2005/ OQ?%Q ispEIosY BRDO 6 OE0AR IS the PreFgiated HedtiuctediBe of

m@@h@ﬂﬁ%kﬁ?[&ynﬁepﬁpt t he nucl eati on growt h nechani sm
and ast growth mechani sm respectively, Figs. 2A

and 2B §F€o9\/‘5taﬁ‘§’ viensofdhegpriofdiie ethdr ambgdirodnt pithesdecthalnge:

at #Tir@ Eth @ of kil maGFthamb p IWbéQ a further resistor as a
functlo% [ the len th of the anorphous phase for

vari ous T & Q5P fra%s sgfionot thy @a‘éog%%rﬁﬁ%q“&at%q'%'@w%‘@‘tel abh
ﬁnwmsﬁ@@uﬁawﬂ@gmnmﬁ+mgﬂﬁ@r9 of an electric device, Fig.

3 sche |ly.~shows .an epbodi of the electric

devi ¢ emf—%s J1a g tol)s"lﬁwnﬁﬂgg p %"P%gé © Qe prmbgdmpent of then - ¢
elegjfic déyiceat fé@ﬁbrﬂtage @tei\ﬁl stxth stogofitis] meglufabﬂueng RY@Ss, ﬁﬁpeﬁhﬁ@e

change @Rt &5t Aot Jf! 'tkg cry?téll“l‘“z ﬁo ?)r Id B ngtlon%f ﬁma%E/Ti ftio,

anot her _enbodi nment c device
first stiggd4drd s wwammirqgrosgegtwnaalqesalmgdm@s@v

XIBQEF 1g0nAQfesﬁehﬁle19 adfta pr oft AR RF SndRRREHRALIRLE Qita\rlée
devi ce 9 5&9 % ong line VI-VI
igs. 1 nd 13B schematically show pulse sequences to set four different
resistance values, and
Figs. 16A and 16B show ex perimentally determined resistance values as a
function of the set pulse duration for two different materials.

The Figures are not drawn to scale.

The electric device 100 showwvn schematically in Fig. 3 has a resistor

comprising a layer 107 of a phase change material being changeable between a first phase
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Fig. 7is atop view of the part of the other
enbodi nent of the electric device at a second stage

wobooslgssamnuf act uri ng process, 15 Fig. 8 i s a PCDER005050923

section of the part of the pre-fabricated electric
device of Fig. 7, taken along line VIII-VI1Il, Fig. 9
is atop view of the part of the other enbodi nent of

the electric device at a thigd stage of the
manuf acturing process, Fig. 10 is a cross section of
piRa st qlecgicalreistinipveand 3 picprdbnhas vethastondelettrichloesistivita

dibfefemtotnnthetisGfctrica Kt%ﬁtlﬁ{yoﬂge dh!a§3 %he?ﬁgexnﬁérlaﬁs d-f zﬁ?grovﬁt'hg S.
11 and 12 rt
BB B BB e fin GE0f8 ar a f1tch st age

and a si XTha eEttﬁg éevizk 100hRarthen B(btﬁ;ﬁféésthrskvﬂ@nr@r s 8 Bnerator 400

%:b?e;tg?grf aYe anyelectrlcal gléna} %:a »é/l?lgh ﬁhg Heéxtstloroﬂay(he SWH@G%WH at least
theee |dtfferenﬂ-‘qlfgglcal ldBAtaamalllasB)yaﬁmgmgta@nrreapanngmin@ o R3S er of

e Eﬁakep@laﬁg@ lﬁ%{‘érlﬁ fffbﬂmgthé fi @t%h eYo 1%? Is,]exon é) IT%S xgm%lf:s c@ ithet he

respecti vel art o ano
%Yl@@fl% fl%naa%ﬂwrefer 400 fap@@f thejebentrigpl¢igtdd il eshiisvasseddmlowwithhow

f
o A 9 15 1 3 0

%Fé?%tPfrﬁOh@a“ﬁha%?%%l%fm?éeaé leird & theregistor ey fqgtﬁer@pmpm;e agead
@ehis Br dhmfratnmgnhefxesistetnwvadjefﬁfoﬁlrtﬁélélecxmtr&lﬂls@{aa‘?r 32 The

Fi he el ectric evi ce
1'08“2%2 S¢ d?m%l%v“ frsf &.493 pagt I of dhe gleptrig feyjcg 100 is
depiofed vbich gonamlsaymmm/omm chdhgseatetui Melap@t7 @F pabe change

%%Ta%?%ogg%g%ggégg %&%Ii%%&ﬂ ofkl{e?a&em(%%ﬁas%/qarzlOeorgz{teglgl%gglg

Fiegticantacy vitlya Ailieraesisias 6 ariangbrhio @aralild Witlths exsistor The further

i R& 6 EBé advBfAgS tlavint Wtal RbiEh&E SPhe Ieglggp hb e ffdr{hgrlrfsmtor 6
el ectrical resistivity. The phase change materia a
pRps r@‘?%‘(ﬁiyﬁmaﬂﬁt’% Fli“%ﬂmaéﬁaﬂﬁsh ésalle‘w fRfiRsY easusngy pxea whema

rélatlely 1drgSpdatin@the T:JSI& 7eJf ﬂfétphdtsﬁ clhand rﬁferﬂapig brigh'é %n'i@ hlmés pthgse
t ener at or a
SRBLAREEE o e rddh e PR T S e erereded B e I
yerb@b@mmrme@hb\m wWednthat refigarsiis oxhilftéd%e dl fferent
el ectri C%he a?tslI &IOQ/HS:IFFI Qll %%b % 20|w11{f‘ om ses 1 te 10
fiEs pRbYR

corresponding portion yer o
VAVRARRY CORBRTESE et afsmélmctyﬁél prqlqpsct sﬂpnaseemtooductmewgfelc ond main

SDH@S GftheEéﬁBﬁf@{eQS tlféfres‘ishﬁ 1sSe‘MbE&)QH plgl cﬁ'él&{?i@ 113,90 35 Orde% ol%e

Iec rical signal wl di scusse

rWl Q15 cplésfr%l}:eg RE é e gt 8 ghasqgwlgﬁ@tq@l@emgﬁl@ngqablﬁ H¢tween a
fye peasat/o a ﬂi@&ld&ﬁyalfru[shh@'f an€ 8 BRbridRas® with 8 Secghdi@lrical 10

ro nelectrlc read signal to the
r?sisﬁ?@?%f?eren} mr?rﬁ" glf’?’i'gcra “YHYiY'se a read circui t for
det er mi nimge t:x’nb)drrmt tht pisechudge uatetinlaya doh@os@ﬁcm)t forrBula

hown i
S%FCM W§ﬂ1 g QQ‘{S% H@IOEQ gseg ?g ggdllggu%m% Bt oM hote elemegts sezf'éctecell frgm the

group of Ge In, Ag, Ga, Te, Zn and Sn. Preferably, ¢ satisfies 0.05 < ¢ <0.5. Even more
preferably, c satisfies 0.10 <c <0.5. A group of advantageous phase change materials has
one or more elements M other than Ge and Ga in concentrations which in total are smaller
than 25 atomic percent and/or comprise in total less than 30 atomic percent of Ge and/or Ga.
Phase change materials comprising more than 20 atomic percent of Ge and Ga and one or

more elements selected from In and Sn in concentrations which in total are between 5 and 20
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depi ct ed whi
material. Th

resistor. Th
that the tot
further resi

ch conprises the layer 7 of phase change
e layer 7 of phase change materi al

w@enshHIsee es the resistor and a portion of thePCHE20057050923

of phase change nmateria
a further resistor 6 arranged in parallel

is in 15 direct contact with
with the

e further resistor 6 has the advantage

al resistance of,jhe resistor and the

stor 6 remains relatively smal I, and thus

LPRAc Peresit IRYR 2 fdatixely bigh pystalbzation syesaising it saytime aviitivesy
Kigl dvieebpind @;ﬁ@&ogplghtageon of the layer 7 of the phase

change

advant a

%ﬂﬁﬁn@@ﬁﬁ%&
%anﬁ: %P]

¥red.

TR B

is’in the anorphous phase. This
asp ehapecaRgierials rhstne i gompmpsicionieft fetintula Sby M, with ¢

06 1t lihdﬂ\@f)@ﬁgecﬂxé 8r bk ElefentPocickiBd A AP gltobp%f Ge,

further resistor 6

doécxlll, Eavi crygﬂgﬁﬁoq tﬁmmrﬁi_iresélshowggi ”Jé@b}gddymgh are

twhpemh 5Q-0M5Ci mmr thanshid3s biftid @m;;&momileehm@ayrec%m {iShe.

e.g., as e.crystal dope on, sem conduct or
waf er . OﬁAcgg o ﬁg%ntfﬁef £l taesag‘affiiaz %ﬁ%gttti‘%taﬂ@attoﬁe
tpree:a%ure is r¢lgtivelyihéaticedithatrhesshetit exiataice bﬁthé.&yst?l.ir@ phas8is! :c con
QXA a1y pstltut a er 7 of a
phase Cha %mﬁgké%?éﬁp%gWﬁ ngﬁrgﬁﬁlé“ﬁ@9 en a 25
first phase wth a first eIectricaI resistivity and a
ey phasg L 02885 IVlty
di f f er ent fiFIW{a 3 Hs?ﬂg}fﬁ%tﬁcal é”é”Pz usmatr/§/

one enbodi m

PNt the phase change namenwémeh@mﬁﬂg

G%%S&QSIIIOH
##@h?the

G%ﬁbﬁrably,
(%rggerably

advaRt ageous

Gels8hent s M

oMlseh in totg),

and/ or conp
G5t and/ o

GamhsStkhan 2

Folresherati ik

G2(38%/bY3839

ofg Tormura  Sbf MO W tHgg satisfying—0-05<
ngd_M bei ng one or nore elenents sel ected

of Ge, In, Ag, Ga, 21®&, zn and Sri.
gs1satisfies 0.05 5 ¢c < 0.5. Even nore 30
3Ssatisfies 0.10 < ¢ < O 5. A group of
5 phase change materi al $2has one or nore
pE¥er than Ge and Ga i n2e®oncentrations
are smaller than 25, atom c percent
r1se in total |less than atom c percent
r28a. Phase change materials conprising
D>qat om ¢ percent of Ge Ga and one or
I s selected fromIn and Sri in
which in total are B¥tween 5 and 20 WO
ACT/ | B2005/ 050923 20 aggom c percent have

arelativel
sanme tine a

Yy high crystallization speed and at the
relatively high stability of the

Tetot: ghotalizplirasenpetinee fohesieuscdoapgtionBé el jahss chaagd MderAl.

conposi tion
0.05<_ c¢< 0.

of formula Sbl cMc with ¢ satisfying

61, and M being one or nore el ements

sel ect edTHerRbpse chasegymaserfslsobeinge, composition ofgrmuBeSb, e, wir

saﬁﬁﬂm@ﬂ 0548 a&/

Ino?grtfﬁejf% &tﬁ&%trts hyiga s

@6 € Ealiakihi Gl glereteﬁeii;@e%%i e fom m AW, bloe,

are typically 50-1
HPSlSttai*i’ée Rairish cigpges By @til@stltwcmaders of

méghithdel upodtryafivaidrages of these materials are that the

crystallization
t hat the sheet

subst anti al

tenperature is relatively high and
resi stance of the crystalline phase is
|y i ndependent of the tenperature for

tenperatures up to 400C. 10
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Compound Te (as deposited anorphous) (C TT (anorphous

mark in crysta
wW@BhF8pB39 233 210 Ga30Sb70 251 Ge12Sh88 235 1PAT/1B2005/050923

Gel5Sh85 250 208 (Ge22Sh78 271 246 (Ge30Sb70 281

Ge51 n20Sh85 200 134 (Ga20l n15Sh65 215 190

Ge15Sn70Sh65 212 180 Table 1: Crystallization

tenperature for various conpgsitions of the phase

change material. The phase change materials, being a

conposition of fornmula Sbl ,,M, with ¢ 15 satisfying

0. 05< |ogg 0. 61,

cal aectlad fromt
A\ T LA <

[line layer) (C GaloSbh9o 210 165

aRephiRei ng one or nore el enents
he—group of Ge, In, Ag, Ga, Te, Zn and

TGt

. hav@e a shee
0.east tmo order
2005(5 093839

15 Ge’%Sh85cell
0122 GaGeSh88Ge
$p851 n1lHGas5 0.
I n, Ge {Sb85I n10d
Sb8ol NdBGao. 35
&bd5G25Sn30 Q
0.1 Ga
0.15 In,Ge
0.15 In,Ga
02 In
0.35 Ge,Sn
0.55 Ge,Sn
0.3 Ge
0.3 Ga
0.5 Ga, Sn
0.5 In, Ge
0.35 Zn, Ge, In
0.35 Ag, Ge, In
0.35 In, Ge, Sn

tSbFSE?l;sltvance R whi ch changes by at

SSbfin;s magni t ude upon crystallization.

ES%T/ | B2005/ 050923 21 ¢ M conposition
856’.&“15 In Sb851n15 0.15 Ga Sh85Gal5

BbgiGeRd?2 Ge Sh78CGe22 0.15 In, G

%73 2Sb92C§e8 0.1 Ga Sh90Galo 0.15

') 715 In,Ga Sh85In7.5G7.5 0.2 In

GbsBmG8H65Ge15Sn20 0.55 Ge, Sn

'5%92@@:3 Sb70Ge30

SbeoGaig

SbgsImoGes

SbagsIny sGay s

Sbgolnyg

SbesGersSnyg

Sb4sGeasSnag

SbypGeso

SbrGaszp

SbsoGansSnas

Sbs1Inz0Geg

Sb55GeZOIn102n5

SbssGegolnmAgs

SbssGezosnloIns

Table 2: Examples of the phase change material, being a composition of formula Sby.cM,

with ¢ satisfying 0.05< ¢< 0.61, and M being one or more elements selected from the group
of Ge, In, Ag, Ga, Zn and Sn.

In an embodiment the phase change material is a composition of formula

SbaTesX100-(a+b) With a, b and 100—(a+b) denoting atomic percentages satisfying 1<a/b <8

and 4<100—~(a+b)< 22, and X being one or more elements selected from Ge, In, Ag, Ga and

Zn. The phase change material may be, e.g., Sbs;TeyoGes.



0.3 Ga Sh70&30 0.5 Ga, Sn Sb50Ga25Sn25 0.5 In, Ge

Sb51I n20Ge29 0.35 Zn, Ge, In Sh65Ge20l n10Zn5 0. 35
WE\Q05a3839 N Sh65CGe201 n10Ag5 0.35 In, Ge, Sn PCT/IB2005/050923

Sh65CGe20Snlol n5 Tabl e 2: Exanpl es of the phase change

material, being a conposition of fornmula Sbl OM,

wth ¢ satisfying 0.05< ¢S 0.61, and M bei ng one or

more el ements selected fromshe group 5 of Ge, In,

Ag, Ga, Zn and Sn. In an enbodi nent the phase change

material is a conposition of forrmula SbaTebXl oo-(a+tb)

Bb/Th aGeb angnh 100- (g+b) dgpoti ng,at om), nt ages

sat+styrg—1b—alb ifgs : m« 1%?)-(a+ @&g@&? ang X

%gl ng |6ne or | nore el enengs sel gcted f BomT @esln Ag,

Ga and140 Zn{ The phase c¢hange [materijg S—f%’t , e g.,

ggﬁTe% Ge8. | WO 2005/ 093839 PCT/IBZOOS/f) 92

/ Te In| Ay Zn|Ga conpositilon 3.6 58“8&9?2Te206e8

177 151®8b54Te31Gels 1 15 Sb31Te34Ged5Tesbef 10

PH57TE33Cei o 3.6 § Sb72Te2oAgg 3.6 § 5%7 Te20Ga8

5.1 8 |Sb77Tel5Ga8 [3.6 Sh72Té201 ng [ ¥6Tel9l n5

%610 $b72TelBlnlo |3.6 6|2 Sb728e20GeBRBHR,G; 6 6 2

Sh72Td20Ge6I N2 3.6 2 7 Sb72Tel9Ge2ing,. 3.6, 4 4
14 $or s
78S

Sb72Tg20Ga4dl n4 3. Sb73Te22Ge1Ga .
H73T22Ge2G43 6. b80Tel2¢8 8 |30 8h8eTel0CGe10

4 5 SbrsTeolns

4 10 SbyTeiglng

3.6 6 2 Sb72TeanGesZny
3.6 6 2 Sb7,TexnGeslny
3.6 2 7 Sb7,Te19GesIny
3.6 4 4 Sb7;TexGaslng
33 1 4 Sb73TenGe;Gay
33 2 3 Sbr3TenGexGa;
6.7 8 SbgoTe,Geg

8 10 SbsoTe10Gero
4.5 11 Sb73TesGers

Table 3: Examples of the phase change material, being a composition of formula Sb,TepXi00-
e+b) With a, b and 100—(a+b) denoting atomic percentages satisfying 1< a/b < 8 and 4< 100~
(atb)<22, and X being one or more elements selected from Ge, In, Ag, Ga and Zn. Ge, In,
Ag and Ga denote the atomic percentage of these elements comprised in the phase change

material, and Sb/Te denotes the ratio of the atomic percentage of Sb and Te.

The phase change material may be deposited by sputtering as descried in the
article “Phase-change media for high-numerical-aperture and blue-wavelength recording” by
H.J. Borg et al., Japanese Journal of Applied Physics, volume 40, pages 1592-1597, 2001.

The body 2 further has a further resistor 6 arranged in parallel with the
resistor. In the embodiment of Fig. 4 the resistor and the further resistor 6 adjoin a first

contact area 5 and a second contact area 9.



10

15

20

25

30

4.5 11 Sb73Tel6Cell Table 3: Exanples of the phase

change material, being a conposition of fornula
wEb@semBoo- (a+b) with a, b and | 00-(a+b) derPOCr/iB2g05/050923

atom c percentages satisfying 1:5 a/b < 8 and 4< 100 5

(atb)< 22, and X being one or nore el enents sel ected

fromGe, In, Ag, Ga and Zn. CGe, In, Ag and Ga denote

the atom c percentage of th&se el enments conprised in

t he phase change nmaterial,”and Sb/ Te denotes the

rati o of THeH@that resista 6p£¢‘oﬁ@6§eagﬁa 0hterBid wath @ méiging pdire highas e

chan mat er i.al ited,. by, s r
LR Sl T PSRRI L B BT O
repistght in m@rabtyaﬂt leagh éQOtdggreeseﬁwlub,l myge mfe:ealbhrmglteht ?¥clegretsng”

Bl e B0 Bt 30N 51 PRUGIA, 5 AR o
witly Fhe Base phaageanateriak ﬁfég aglésﬁl%tewtlvm af the melevl Pﬁfhi)ﬁ\lrtbﬁrl el

re¥ibtbis Ik raf @ 9F 6.1 @ 10 chin V/RE wa b Bd bﬁ@@@haﬁ’ge nFa'tegial idhsetebi€d
resis or adthefurther resistor join a first

frenp e £26s of PRiMs Wi g satistyiag B E%(h?]a&‘i!d I\é{rbélag gfie opypre elements
seR0f25 £08 fﬂ&&ﬁmﬁ@ﬂ_ Gi¢, B2 0@564) 59, FA3ind 83 thpade WhdnfemhatérRShas b Or

|t i.nt
R PPRER R R D BB AT R T
fwtb¢rtr¢sr$g>r porefdrabiyf betwren rtugr4 @il mdTA.t he further resistor

0 of op e Sh gt hEARLrct OnIRAGER ol Bb & ool

preferably at least 2 egrees er than
XtohaoSigh Ve t prilsslenaihaieigie pmﬂn@gmhhsfmgetﬁ%? aitsl syt>0 Bread X

cdﬂﬁfn@ers 'oﬁé orQIQ)?eSelé?%ts rsﬁ@e@etd ﬁ%mv'!“ltaﬂi thendp @&ﬁprﬁ&%ﬁg& more

rial ereS|st|V|t he materi al
elsflenf%slecrt%?rff%? an@k%é’y %“?re'%lya Psis pypstpptiplly é?ﬁgf&%?l bgeagsetTg isjless
reﬁdﬂvﬂVhlﬁthe Mbhhﬁg? np&asehaﬁhamg@erﬂﬁay 8hid stlallérShag 8} %15551@@!0 7,

e.C S .0 C. c<

et R e e il Pl o B el aeie i
retalieslyglage parafel geter. When fhg ph@ﬁchaﬂ'@,mi&hah@@pﬁ@s Gt,heixiphafse
o O9S RS Pl ALV RERRBTTLRLY,
cogfpripe &, hegavsethe materigl@gihg ft@&ierurgelsmr elﬂ@H}ahﬁsy polEtywedine 0. 1

t @B Ay IR Wb Bized tﬁéwdg@mbﬂm& th R 1yeB @i hAkru@iire fshe
Sfurieher Femsf%rmjl 1 omt%n%t olo asrhsressn St ,

chpgse & arelginglysmal ﬁ’S?fé Wa?nmﬂelg prErrbat crzesmataal Srgmgg of
thissQss/of aadrid bt e fustheraéiibtoXare TASIPT mmwma ETiSIN ofD4,68i40Cao.

| enent s, se ec and Ta, an one
ARG, oS ctel e il iy e pordeear TR EE Ty
whege }swpsﬂeahﬁf&IOWyTxNhé diq, ToWCbr, elzep-adiped ﬁcﬂycmta]heg;shchﬁ
react| Vel]"h\l:vb&h ZtI{ﬁ@hep 9569? ﬁ:ggonm&ri% of, | tgg tf%&]}l-lg disilicide

Pr ef er ab i's smal l'er or equa
(Tpdparhid lmlwtcﬂcenli.‘/scemtehted @éhﬁfu@tcpmqt yre@#, antheseprad abridedtor 4 of

tltﬁ}ﬁ'ﬁﬁ Biiride $Ti |v@1§dh\fseéléétric91§' com&@@tortﬁéjééécfn@%or@act h&lati vely
| ar ge par al ‘el heater. WWen hase change materi al

VOé%l?ﬁ% fﬁlaélééy remoterfiogy thefirgrcoptaet aré‘ﬁ a a@i theyzegond gprliackateath b figst
colnéBucB)ETB bddahe dektan c@{du@&uaﬁaytcemﬁﬂsz a nlaterihiSof btV AL Eood electrical

i é,a?%r us if Y n‘B because th rmterl al
coBf oLl P e PESTEAGRE QR Py R SIS TEPeTal | | ne
coB@ucgtitylod the ifiest vdmidadtor B andsthadicdridzentiubigr 4. The flist dondyetor 3 and
th&4eR8 R coldubtor é{}ﬂge pogjcayt%ﬁcyssltl %Lcl 12??(35}%0&\%%{ Whith dRw for

conducting a current through the first conductor 3, the second conductor 4, the resistor and

the further resistor 6.
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woredos/0p3B9 of the further resistor are TaSi N,

changed to a relatively small extent when heating the
phase change material. Exanples of this class of

Ta20Si 40Ndo, Ti SiN or Ta20Si 40C40. Alternatively, the
material of the further resistor may be conposed of
TiN, TaSi 2, TaNX, where x satisfies 0.3<x<0.7, TiAlLN,

TiC, TiW or, e.g. p-, dopedjpolycrystalline silicon.
25 The body 2 further conprises a first conductor 3
of , e.g., PrBfmbodimeriskivn ie fres seqiPmiBiFR). 4vikvilekr 71 aranged at

eoRgier d Efad I e&ﬁeﬂﬁteﬁifd
e utfede OYa e dlglgcg?{‘ﬁ’, Ifl"%u{a %Fta%%ﬁ{e?ﬁ? gNegz‘g;ﬁbdnc;L
metine

n
Shfe Rl SEER Lo £ e attn ol s ebiebebseesionn
alnae@chﬁnge Inmtermlohayme ﬁe;foa’ceaiby Mttdring QR &ibkd f?lrfhet a@tf‘clef ‘4Pﬁa%5

ée%edla%gl .and the second cont @ct ar ea

Pt imegcal apertpiys Andblucs paye %‘aﬁ’&?@flg ZPY ﬂ%{f Borg et
ele Agpeieseloarnatef épplaeld Plyfsics,ebtnic ¥ prigey 05 - 1697; abcm Bxaifera&g) the
E&m%gle\ﬂa{e}ﬁal%ug zbla?e?t %ne% LT E)f"ﬂ%%% nmcj(“)l'ﬁ ef R?flitg}- 6 s

oppe to |ncreaset rica
ﬁff?@gﬁdu af the ingey setRee of th%coamr mh@ﬂgelmqura@ bold tiastbesn plovidEh @vith

fhe piske &%gélﬂ&ﬁe‘ﬁﬁl BreRRH 5 thdRaS6H QMrtﬁfe(P Ragj\ﬁé{ % ﬁas% lap@r tl%Fkness

]gdgnég 5 adi1 11 and 1 respective
R0 & Prig- t&%?‘?@ﬁfneﬂtrﬁhwglﬁ Feaqétfﬁfwﬁw regifiel fendihe Byer 7
tdngitsing oRGesbON W Gf dfect4ontidie resi stor and the further

resistor r610neV\Db2%05/ %3839 EgTél B2005/ 050923 24 In
t he enbo TS HBRH e o ediagiter hof0gm aﬂdﬁh@ghth

Of) @m, thie lageraf plapgebengamatetililgs dfROEPosHiLi Gagsanra‘zo aAd BRRAYHE!
tlﬂfélqﬁ:sé Lnl" &*5%@‘{?%&69%51%&%% oct(():grtn?(%}tlorrl] ?%eﬁj{}@@ ﬁn% %ﬁ&er

cylindri cal
Disknepsh B AL 2m-Heis gmngw ipsédeviesevontad halnds @PBterin FigHeThe further

PHAGS O AREBer RREEE] RbistiRY opﬁpgﬁﬂﬁ@}ll@fp#ﬁ% CHRUL Cfge C sgallme

Iﬁgde cribed in the articl ange ne
YR MR Ao us pbase e davarithap P@@eqﬁmeﬂw@mgq ﬁapmo)@m@telmg
Ray=464 Obm B@rcg‘ nﬁ)te thal 100 k@R, a%&qvelp e @lrzl% %Rﬁg Pikfb @drhgf the
referably,
R sl R PR e A mdfan  wvmes ot o
egecmalz@smme oT te lefyatrdfhhase ﬂﬂﬁgesﬁamhaﬁTlheSfurtI&E sladh@Rtteddtant R,
it ﬁﬂ;@lr theﬁ‘Hﬁz &3 tl%fmﬁlg'glm CP? %Etrlf% res1st%rflc:t§ g% t&lﬁgag ?gl}asaeccﬁlange

hol'e has been provi
pAsgrieh 1vhich ispaved oRabl y, the mater | aI of further resi stor

6 has a h@h@ﬁeﬂeﬂibﬁéﬁﬁ%%e%@onll\éﬁlcgf dn:r)lerhf?)nslor} tlQ:rpo tact hcgeb %he

nmen further resi S
P?*’hss C‘raa%ﬁe‘}lateflap@&ﬁ%%fpliﬂtﬁf ﬁeﬁgort@?ée the Eﬁn@tbé*rth%ﬂﬁ@erﬂ&pfd@ml@atlon

TeoBikdgt Thel ﬂ]rtlﬁ:ﬂ Ele@idaDediftm0d thtdie aﬁﬁ&ﬁrﬁ'&& h%@)l Ghn2S t}ﬁs smaller
50 nm th

e
P B} o R R Bl e s apiont eicsive
r@@@&b?ZTezo and has a layer thickness LT of 5 nm the
further [ os t Ta20Si 40N40 d
has a | a{}]gd?i aﬁ%%lﬁ ng@s?ntl\/ﬁe n‘%ase angg maer ﬁ‘bd:tg
figrthes ra%stqrﬁ@rq;x@tmcbagxgechm the dgthdapiigteréds provifiddgo thd inndrBerface of
tHelebitdb€hole ﬁn%%hl%tecﬁ&nt@/ tm%e T fs l]!)FJVQi%(‘i 18483 %treofc ﬁl an?theé

ESI st ance of pr oxi mat e
ep]iupeRf pphshown, Hﬂaéé’fhsrrramm 6t1w@paamfmm>ﬂns regiyasEbt dne
ldtfmyiaﬁate?layba&'hﬁﬂ may EsHpiibs e S licohAR&Re Alhe HRRMOMIIRLE Inky be
Mﬁoro n%l?ec%fcc ‘?QL‘ tgmi_e Lhrarrp 100@l IéChm resp ech%/ }n\é
ract 8 (CPRguptor. Shednigrmeiatedayer gy reduce a“d preferably,

prevent mixing of the phase change material with the material of the further resistor.

PCT/IB2005/050923
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wWe k@soissal

further electrical resistance Rfr of the further
resistor is smaller than the maxi mnum of the 20
resi stance of the layer of phase ch&mngE2005/050923
material. The further electrical resistance Rfr is

| arger than 0.3 tines the m ninumof the electrical
resi stance of the |ayer of phase change material,
which is equal to Rcr. In angther enbodi nent the
geonetrical dinensions of the contact hole, the phase
Srednghdy, thatiidekingss ofithelintehmeediaterigyleeis smalbémtghrto Gavame siphificant
%ﬁﬁ@ncp% h%ﬁ&m@éfh&éncgﬁf tﬂg Joﬁfg'ﬂpa(?‘lc’i% ndﬁ in th h-gsae r%nss!lt?o%Nlo
The fur ctrical resi It

SRk FPﬁt*fé?k_\?esi eDtheinierragsiintet l#vgs i-e el dl%ancq lpmse@ thg fitrihere s
k3Rt B R 7 tN16ss fHak §¥1mefl’r§f911a51%' GRd thircﬁkssig G306 § Aig

z_ﬁ%ond el ect rical resi st ance n an alternative
st legempybrsompossd ofging sWiide muate(ZRBSi) ad/opsilkicon
hinéde. lauhdthee emb@iSh&t BE ffthar@istonb rehi@aged, i.e. the

further Si st or .S provide o .the inner, surface

50 the ot rabelitaR oG dehisuRrrs Tormoynp e La”
prrovs slems ofithd ogufabteriegirocedsyiay@n m7haé the@lm@ dhaf@dthateriaDt
S0 85 {clTL DT vcl B3 b Qoo BieB SR BAA LRI Coross

resi stor er me ayer o

Be5HeIY At dhe, CO@“@IVG path beiepymadipraben de. ﬂrélf lsentachirer emgaheaecend contact
hayer may be an insulator or an electric conductor.

The internedi ate | ayer reduce and, preferably,
prevent n B TFFQ“%FOI{IH@“E H’éi@éercli‘?é AbRhaspechenee materil constithies a

a6y ieRneftf170,Agd fhel 66(‘31302 Eo@fﬁ)h&% Q Eemxyggdmgﬁﬂggﬁgﬁﬁ which may
PCT/ | 82005/0 0923 dg nsg er ab| t he thickness of the
Comprise. €8 & 5102 e}l pr peg jcon Sélﬁg ctf)%wzﬁgvgl [Ap array of memory

sﬂllg,naathl gy ceillrcf)rhpmmge rm;pectﬁeendm&ay elagenefo aﬁd efb@péct@fe

h
T e
$x3earray, fhat tok iveatiereis beitlivdtedhtotaty @Tdywrftlﬁse;rze npEs ps drey ofthanbhpe.
TREUAYE furthel SonpBiSe: atgH@Qf s@leaimn ln?ers QE@ r1 §p§u¥h th!iljz:gél memory cell

f hi ckness is between I nterne
s RAbvduaEY achissiply ﬁﬁé@é@ﬁpwveﬁeﬁ&ﬂ% L}P?Sl 1a@> 1ah gnpgeted to e
(e@&&wSlsQé’c)m@Mic@nﬂsl l'icon n| tride. In another

enmbodi nent thef resij., rr 6is omtted. In
anot her g cﬁ %?hof’vﬁén ?Se Tlrzlﬂtesalé?ﬂ"E@evi‘@dﬂ CHRPES 2

inetalfeixgls senﬁeolaaucmr fied affeo@umsstbﬁ(gmmfr) tahem 6/ pri:ﬁeatlly lth NQ

I
RAORSaR  J810e D,BLRE00R, P .
apd gafe aerwnalkle”éwéuremgla@tﬂémahe dgai regivss 170 nag commise mbre

thiYeon€ PREE S @ pRathRerRE hﬂgelysﬁ?g‘hhf Hopgi] ﬁl-goxttlt}ﬁarr_ldlarn?otre heavily

(?ogqtact area and the second con
8] &t ROFtioB oS M doPstlopr ey K a&fbthe é‘ﬁmﬁ?%@e”é Arg Agperated by a

dli&trﬁrﬂegbn Clﬁﬂgdtd fegibi®s 748 forfﬁ@d@foye 8¢ SRR reélgg cofPtnt Aw of
conduct or trate 101,

0 r i ses m su
We%c ﬁropﬁ(} Sﬁﬁlg ion é‘?z tg efﬁ draméegél'?thgp éhreq,gg §1%eé3f‘arﬁeld?ﬁ‘j@dThe
sielregonl 74 @mf&rajﬂ}dimtpﬁfes H\I&S/&rof pcﬁlﬂ@sﬁﬂmé\mhéﬁﬁ I’Ffe_gﬁi@ FaRIon 13his
0 L sin a respectlve menory
scéﬁ?drértr%dnff O%%g C%m) ge\élroes '%e mecmc 1?3%& ion device 171. In
t he enbodi hﬁem ofgbi@wmn hnrcs m;;w c@mp@ses Ne3 Biseetertion lidave e

ah@V=Ra8coRd selection lines 121, and an output line. The resistor 107 of each memory

element electrically connects a first region selected from the source region 172 and the drain

region 173 of the corresponding MOSFET to the output line. A second region of the



10

15

20

25

30

3x3 array, but the invention is not limted to an
array of this size nor to an array of this shape. The

whoay/ 043829 f urt her conprises a grid of sel ecti oPCT/IB2065/050923

120, 121 such that each menory cell is individually
accessi ble via the respective selection lines 120, 121
connected to the 20 respective selection device 171.
In the enbodi ment shown in Fi,gs. 5-12 the selection
device 171 conprises a netal oxide sem conductor
fcbledspbnﬁfng M@SF[E(T aelsdtesitfrom thévobfcEdekion avanktdiealrain region 173 and

C NVOS, tr.ansi stor.. The .
n)R tlr &'%%(}h%’ fgré ¢ %on I8 electil y connacted 1o, on ro%%? I\#Ef-é—rstI sglr?]actlo_ul_ ]}%e,s
e T@ag%e regigh biHgs détmcan‘mn@@@d @eonr: e@h@mem S@émtioxtlim@ 121.
qiﬂ f%la Qmﬁd%ighéﬁP&ogvK ?h %YS ¢OHPE F }sts‘r%%l %e%glllrt:eh@%lmpf@ and

portion of n-doped hateria ope
RecpEst regionis Aiediran W@P@lﬁe@\ﬁpwr emb%menﬁ RosBPWY, @m firstpegion is

Ehediﬂéi&?fégi%ﬁ’ W3Ca%d iR géc@ﬁﬂ rédién B st B Wi 172! BRIsQ&tidd }?heﬂ@
channel  region. The gate regi ons

ar at ed 174,
Aok aonaﬁcaﬁ?éo it lEsian evices @@.reﬂﬁsel%?& qedies gpestivaly Tese
&mmfwnmthaﬁukhenamhmme region 172 to the drain region
;r?g f te?;glugpe C%lpe Te 1%nes 4 gn t[xee gr?m 6%‘065% ar rov1gig<f \«glﬁl'élayers o%
gingsteoilicidelard @ags@n plegs G4 fcﬂl@ctnsalls @ormeqmmg tegate fagmml T4end
GRARNAPLglbR D 1o 0RE s H1BhE A Heod AES TheHRofh hifks 3o
selection Iines 0, 1 conprisés RE3™Fi 15t ection
PRt aneprmeg ﬁaml\%ﬁsndgl@bfe pgtesel|sechtap. G Riumémimie $oppgi dhegsqurce

dgRUY2 |l pﬂﬁ/ldea- hen s ﬁ?ér%? Rhestk Gilibhe £RGRITREPIINg asSefMTENT
electricall conn? first region selected fromthe

source refiOROEFP Qﬁlalf%cfven%ﬁharﬂﬁmr dyyict H00q Frst the arfap ot
sdléctions el wg aMIBF@B df eléckien mut; P20t 1:11|aﬂ£fomfkd§eeg: Q#16k standard

L R U S e e
mzolameglbrel?dr iaprovidelgitmn kle8triga dondhioparn g4 Suckes, &.p.omubdsen
hiu? Sthe s&&:‘tl devlcls, 1‘?1I fE tleécﬁ?AZ%)é %’?nfﬁ Cahc?ﬁile 'élgctxqa?io%auc 0'? $24

I rst ec lon 1 nes regil on
aleaptiyaily allsm@tedc%fm each etertby. aof emmddqdh@ aMleé@@@ mpterial 123, e.g.

SIBbRAGHRR, JubiBs: tHelectricdl raoﬂdh&oaab Q@kms‘m asSHEWHn Fids.5ia866.
he first re ion is the source region 172 and the

8re§eé%b nie SEGCOFPPEsipg be mpa?eﬁ elegifjfabspndueror 124yis pelishaddy
elndnoei ﬁ’(edmhmcdnpdhslSihE)QWP)&‘di@btfiinfngtasﬂh&glhéifdlpila‘in sutfie. drai n

179! e B ibenat FF RELIEY Puded % 15 ST Bed St
maWealsadhels,tetgamllumltoéesorarhldorrcrarhlcbd]nelmtlaxen1Q9@¢erm@ 108 are

'fcﬁl%pcﬁw x{_lle}'{laﬁé o e g hl %ragfh}ﬁglfcﬁ 'Eha?tgé 8%%08&09&%%095%34 %d%?gsoéf the

rain regio
aﬁel@ctm & é\s‘@elew\mthf: gleglyissl songiictary 134 pigepessd 89 shpwi id'igaBd

SURERERD, Bk WIS 1@Q%dftl%r0ﬁ@1{u%‘§t168 ke Mb&@@@ ae&w&vfcb 00 thus
gate reglion, 174 and rain region

B oo I9adt a3 erdfd ofpuse PSP deeryar Vowvrveﬁg 8. The
§lﬁs§ﬁ1‘ahg3ﬁndtdrlﬁﬂﬁay]c3ﬁiprlsa Atk dfdik fast @rofv@xrﬁﬁ% cﬁzfn@éﬁn&erlals of which
conau U (0]
FRBOL ISR u 15 e Tt ot et hagar TP R
i gbickis tgiidallc 5-de mannk?feratﬂyj Agsdxemtqby ;@msien_amhhes tHerwidth of
?{ %ﬁﬁlﬁlhc%ss EE%{M&}}% lﬂﬁa‘s@ &ah&%na%rﬁf Lsr Wwitl bg Q¥ Rd %QQW. Onto the

layer 107 a layer 110 of a conductive material such as, e.g., TiN may be deposited. Layer 110

is used to reduce the electrical resistance between the electrical conductor 124 and the part of
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15 selection devices 171 and the grid of selection
lines 120, 121 are forned, e.g. using standard I1C

wo e@loedseyy. One term nal of each sel ecti on deR€CTEB2051050923

in the enbodi nent of Figs. 5-12 the source region
172, is provided with an electrical conductor 124 such
as, e.g., a tungsten plug. The selection device 171,
the selection lines 120, 121 _and the el ectri cal
conductor 124 are nutually 'rzzsul ated from each ot her
Ryer 1@N dnc&l’@bﬁ@ﬂ%@hhs@ chadgel Irﬁin&lﬁ&rretnﬁodm&ﬁ,r ﬂoﬁﬁho&rz 3ayer€l1Q s

%0 ab BRI P er Bt b Byl S R SRR AT)

tdfeexs:atdliag,éoconprl SI ng t he exposed el ectri cal

conduct or C

pol i shi ng g’%l\/?g IS%‘OQ tgglﬁ%ml Iglrrlri]goIﬂ Skmggﬁrhﬁ%own n
Figr 7 agdormepbia egy b@wm@n or eiqcapn e gvriing Mesks lulé eash emetiiadts

Wfltaybr @O’} AYiei pre Q8 I%§er6}161¢vﬁh?&>k£r' the reﬂi@étﬁé bl@dtrlcsdéﬁ(ﬂlct%% 124.
ilicon nitride or silicon de. In th ayer

V59032 s gl Vo307 BBty Ratia0 grto which fu furtne
kletthexy eaiatiotors $mbmtbh ﬂimédhaexeineltdr EveSpinei @ eleraéng fasi&A41 and

3Pl Moteied o kSt Lo HG14S o 80 38 bud stk iy bepgen

80 and00 Slelq waat litiiographeislused es foid) Se atack 1Nendipemnsids2, 128

liniPLG dts g&! dﬁ%tp‘faﬁeraeo g{;@%&%@‘é a‘?to]tf?e B dlﬁ%E’&sf%b”ed

are provi phase change materi al
@m@m faid 1hqgraply. Tfrh%lortepj Hasi@ta@mln@le Sm%\kethfp electripglpower

‘P&]Ui?éd t3 Elda&‘ya pRlse tter%nfoﬁ‘ﬁétw%%ﬂ?st BRAS s hABGSd Bﬁ%ee frhal s

30 resistor of the electric device
&@@W. Lb@‘é?ﬂa%vé fengtly %fﬁ‘i%fd%léii chapgemetgiial, mgvﬂmavsﬁ gy er
1Q 7% on WhlieMhdnShd doRiaGateh ¥t the HEdtrtAN coﬁlfu@lfoﬁﬂ@@ lay/will be described

tely 15 det th
AP R PRiss el et oh G E P hed e g & st 4 e
wblliine bethelgimed dhlvgd maetiaw. Onto the |ayer 107 a Iayer
110 of
or a ?f%lr_e%yn? thelp%ﬁpgila?%rl ﬂ'o t%%ver%léﬂg n?asl% 111 aridl\ﬂl?’grl cal

deposi ted used to T
reomived lme@rob@tsvbe@me ¢ithingabiog ¢-2ia0 gich conptisog HF TR gespih obtained
bis Q@gé ofife p\@es% Q@Qé&%@&ﬁ B R2R0R Q)@Qs%%c?wn # fid. 8Yi€dte

107 undergoing t hase change. 1n_anot her
rbisitera Sotropit et@rv@\m undezeirh PCCP:EOSCF Sigs-grnd -dden hapariagbr
1a16r toh@otfcavdrdiesy niai6i 131 &1d 119 6re BB LBEICAINRA, usdg, .8, a reactive

descri bed,bel ow with ence to Fig..10. Onto | ayer
b ieom i e A B LR £ ol Hhast e Tgh
afedwmet inside e gpenihgat (8 af the padioh ot cavegrd, by Imatkla 0 gr adNy2. Ghis

FLG L AR A Lo HBRlhd i R0 oLy
cedgebared sozered bomask d 1 cand d sespest conti@ grea cougrolt by mask 1dide cross
Qéctl&{ 1\?\:h Qﬁﬁe?thgﬁ tthle ﬁbé?cront%g%reg% thé sfec&lﬁ%&ﬁéﬁ ared. M%Ech%ory

[ectrical conductors 125 w |
fﬂ@mﬁrﬁd 79 5‘? élfie Uﬁ“ SpFr@rs f@m@? by lesd P lare plaqtisally coppested t01t!1<§e
k%gr 137 endS FPrREE, %Qexbl}lo dhidh &Ex@@@@réd bévﬂaék@ i z§1d 1 12
| ca

bel ow 300 rim and prefer
gi?ftf%‘ﬁg SWE(?F g?‘t"h‘&él}ﬁafﬁﬁi/g%on §E‘§ {0& Wfﬂf fPéceFFafé’ﬂned
M&yamm tidve a wadstk WiHa2 js stifsentially agualiontichi thitlaess € Tlof lager 107. In
LR R B AR Y, v

stapoliedcmp de ctoss eeionmehprises anheisalopic eichiog$tepforemming a
sidewall spacer along at least a part of the step profile.
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required to induce a phase transition between the
first phase and the second phase. The distance L

waledosndsaes the | ength of the phase change natBeT/@2005/050923

which will have a cross 15 section snaller than the
contact area at the electrical conductors 124, as w ||
be descri bed below The phase change material having
the reduced cross section is referred to as the

vol une of the phase change terial. If present, the
p arts ofAfteay@iovihg them@bksaovaxiad ty plﬁﬁslkﬁatdxﬂ.élecﬁnﬂie\]idél 00

shg\r\{n trgiag\\é ngl,l%? 1;}(3&2}_&% gryfrrgeéng)mcleﬂ gus r? ee tr1 ﬁ/lcqu(% ﬁas%
lagdr A@eofphast blengr ngesd which nemuisaetratt defped hemeaskddt mida part

|
o5 6300 So LMl LSR8 P
109? Then the parts of layer 107 not covered by masks

111 and g} ltgulﬁéq%elﬁ e B E)IQQ&&Qtédyele%friQ rE‘l@\ﬁiee 148 'slﬂ)gwn iPFigd- 9 is &
reactive ion ch conprisin resul

coyprad e pyes é%&@@én%%%éuwr rﬁ%lﬁéOfp‘ﬁ*a%n%ﬁ%’@ éheﬁa?eeﬁsu al
dedéribed SHon@Hith fafetedee folie foeNedgs 60Bigat. the position not

oty oot R BeTedail s iidrs 1] e S0x Bl fhich gl

ark siyndler td Ohé nlagtsviebmdtIn2 Subseqtentlycthatapatl OGiseaisampialtyctdbgd

ugfr%;g g.%%ée&as%g gtcﬁl cghgpglg{ﬁ? cF orEI—ﬁ:%tAslasF% ﬁ%ec'}o%g S t¥onrg?§}§ 10,

_ Cross is smaller than t
sidayvat] appeeraizre formertoltldyer K6 domvaycaniesaes todredfarmatioyy ofdhesewall

spA&HPSf Yai/elellog NBRkiddw Al s&;&%rs $d:68d ¥adykr ﬁ)@@ﬁ:\%rﬁmﬁtﬁ RIREeHY

| ayer are electricall connect ed to those parts
S‘@ftarl“égb’eeiqu@@ﬂh%ﬁ’é"kn‘?sf RS | ayer 110 which were
cover ed @yn m&&hﬁvelelriboalﬂﬁmlay& 189 aldi-lﬁ}i'eﬁ Wd dAeinRicBitiged i.c.

t . As sh t { Fi g. 0t .
o3 B Rt Pt Re O30 SR R0l ol e P
laydra0é is Sepsm’@s framtiayat 107 bg qumtermaiatetigyet Whick mes eonipiisepé.g.,

sdu{%%%{oxi:!ig fAlTO nrx] thfls t&%glmmﬁrtﬁsfuﬂ}kh%mg@ 1836 gs;j)r {aﬁglec‘o !ﬂ?%@l@tor 107.
hi's exanple
Intohetrasfstp tp ewybodime déspripetl hedoreripthis egbeding ﬂ@dwpﬁqré@sls a9t m
difed! &%&Q@t‘h@he@ﬁ&lﬁk RGisiet ©B. f or formng a sidewall
spacer al on | east a part of the step ﬂ&h%fll

2005/ 0938392 IS*GIPPY%%@SIF’G%@%&Y@W AR layer ?/Pfﬁ@didn’élor
toﬁ&ﬁko & tlE]elrillas@Qﬂl 153@1120Both [a@erflﬂ’bﬁddQ@Eﬁﬂ)G@fe&l_@dnrahis‘otd@i‘thlgfe
. wn | 0 View.l n opt |ne very
R GO EE pee e BhpciteGi ith g s B nE S 115 o .
107 of phaseenttodinget thamhahadalf mamifiicoining teplectsedevae pefr t

o%ﬁ)frllsgg%@c Y Mﬁ(flhi %Qsi% 195”? 1%v18§1r£ &%éaﬁse AWT&%Sk

re con ected two si acers
138casrengniogs 11289@111 thagfot gazh of/ the rae@mbgeéla oreernif t@tt%mtlm\éall spacers

faRh&r Jf@a%a 1@91&3%9113&&@ 94 srhb\‘/?n Qewg ¢ I@&b&ﬁ@%stéﬁhlghﬁsk 19th|31§
covered y a materi al t he

DR ST, SRV E'Fn %tt@reﬁ%ﬂsedi Pertiopenf by prel Oéénd la>é°~§ é97 Begresult

1n%béi’y ﬁleiﬂbxtyhzel[ ﬁfeﬁ R EAts R nbw @orfnblftetd%? lonky @5 SdeMall pabdr féringd
providin

e |la
oLfiogt G R ks P P PR P A P ek
orhiltdd addhelld2r 108U e Uyt 10y cach have bveyyddewd DD 6pares.

ani sotr oﬂ"le(fgllell %7%u§ Iagtgilned, i.e. having one or two sidewalls, forms the
resistor 170 of the electric device 100. The pre-fabricated electric device 100 is provided with

a dielectric layer 126 of, e.g., silicon dioxide. In one embodiment the pre-fabricated electric
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using, e.g., a plasma etch conprising CF4 : CHF3. As
shown in the cross section of Fig. 10, sidewall

wgepasees3are formed of layer 106 in a way anal PQDUBR005050923

the formation of the sidewall spacers of |ayer 107.
The sidewal | spacers forned of |ayer 106 have a wi dth

V which is substantially equal to the thickness of

| ayer 106. 15 In an aIternatbye enbodi ment | ayer 107
and | ayer 106 are interchangéd, i.e. layer 106 is

{evidv slded i Biz0or08s ]:hétowb_dctélgto|aax}aﬁa|r1a1]r&ﬁoval‘trdammﬁucﬂ RYET,,
%hrelcr)llur:]a]l rgecg Pn?t Bpfrl%}%q%% rec!Te ee t?]ﬁg%%%{ ?f the}s%sewaﬁ ?]o n%li/%r% 106 and
trepd tos@talrea gpooth sgnfacp,ordnphds @xarmeoumfcs durther mmessmg In hat case
f¢ ﬁ’%ﬁ%@gé&m ¥fh£/e1f 146 5N 6s€§ biSt%vQ'i JrQ@f dlﬁeré}ﬁ‘ Bﬁ%ehﬁl; els M@r
resi sto ¥ n cont fas the enbodi nent descri bed
e of erelatively bard matarind @Nchem gt, ﬁécqné@v‘éetqsrtopmfwhice theestis ¢ lgyer

& 18h#R G soft Qﬁieﬁ@ltsudﬂ ab g, Bﬁccﬁdﬂxﬁd@ QBurfn He SlaRkialkOBoval ta@iint
al t er nati ve emhodi nent b

y %%ﬁ and Ia er 106

b eelatively PHA Ly RS bed astad’toﬂ’ H“@ PHEC RS & ?yefﬂ ofrpasg ghange

B@ttexhal hayera Wdi/desing He@yﬂ{ of & eralsle 10 toa 00 ARl Ak thisahaaial y
itional step of

Ifeglf’ ‘rﬁ? graat’flﬁle Sﬁrg%cﬁgs %Twn ah %‘gi]rle‘s ° 1Hedgne enmbodi ment t he

net hod of Subsaquéndiy.tan additgpntliieletrieddyei 126 de piogidedlid hizb

&9@8&& %ie? 196’%&&9?& F‘32 .0911:1] gﬁ%‘% §§atéd§o B{Egéé' ﬁ?é&ch memory

nmean ograp e mask
@,Bemeﬁtgi thpdayes|f6rthe mﬂmﬂtﬁrla@aéw BPresdnb onjayRs A §7 wlaigh vas

&ﬂ@re@ﬁy ll'nm( 109V aslegrﬁer\ealgé Tﬁ&@@ﬁa’h?ﬁgs f3@ rafsep%med haY @lthd07
posed, as shown subsequent step

HFIE SORLE o OF ﬂ%&ﬁwa%@a‘fa%teg F*@ﬁ?ﬂf&’r g B 2 lygr sip Ly rer
sbricopnRRE isRREK LR Sordbcttday e ol laad | ayer 107. As a
result, e 0 are .
connect ed By RS JoaRaBG Fyt e BR5ten TPl haft Spietro.
Tlzyredistdr(70 1s$mhs®qdmfratldyyr, 10ﬁa§kpﬁb®8:harge meRrDaldding thangeable

?e[g\%egg :f 652 Hf‘?a?éjéxﬁ%% ggaﬁf;e eac r 1§0 had q]f'fs'i Qgctl%afjre% %?;glce

ayer have

sbmld’eﬂr@aseﬂhelgﬁ ay@rlal mv tftelfu% Plsse: athh?e‘lﬁconfi elsctripph esifigncene

QffereMVOrofi HEWB] diStrichIQEsi®Bande fhen tﬁ@ﬁh‘ék‘%ﬁa d Qlat%flal ﬁshﬁ the second
electric device 100. The rE)re- bricated el ectr

Rl B’eanfe’(’?"‘ihglelﬁrﬂt?ﬂo%@z\ﬁh‘ hr hag a rigpraesistor EOY‘FI%%/‘e’rIaXE%% In

&othe€enbodintehd, the (ﬂﬁthéh résksiad @06 i abmene mirhei leBNdr i$ &b to conduct

re-fabricat.ed ectr 3839
B ah beRhEte B b S ER RRE os 474 105 bt
slabyeynaadl viatmesawinelt alowdbr ardatbiely eadyrdetattive nf the eelitingggsistance
1&ofthe%Prﬁﬁh%hO%E%ﬂéﬁﬁ'lo@%d1% ing, to reduce the

|ght o e side acers of layers 106 and 107
and to obnadhinerabodimsat ¢ ﬂ@@!ﬁﬁfae deviaggh P the Jagerd BT efriberpesus

élﬁﬁgefn%érﬁ%ongﬁlﬂgsea%%hﬁghVe RhbBdkerCARS coﬂt&c’c hrsa and a second
advant ageous i f | ayer 55) i s conposed of two c){lers of

?ﬂni‘aF‘é'FeénW Fralewsy L) 18 Om’éte% thefirgt SWéaFt a5eq I (hg pregyin “5" the
&l@duddal d6adictdd aEomRttetht &&erﬁ UT Bf tASpha-cBange Mbtkefidl3Be e.g. Figs. 5
ni t ri there

] f
o0t ocnd Porist By f e g %W%@,tﬁeefl.ug%?Elsﬁtf?ﬁal:%ﬁdw de.
Puovidaigo vpeaingd 8 2ednakts the ayerall07 bf thapirmahangt meterid| st Figel2y
purilek . . | @t Fi
avar 1o ehots AR offe BndlcRRe fYGhyinkAR Abfavel & ek
shehge-rerdriahie amilsr thit thefitst copinesfatse ats) tye seoond gort@Oarpay When layer

ﬁfOtigﬁrestem, fhe BRE EJnte@ area and the second contact area effectively are the areas in
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renoval treatnent, surface 199, shown in Fig. 10, is
obt ai ned. 10 Subsequently, an additional dielectric
is provided in which dielectric |pgyBIB2EGI50923
openi ngs 132, shown in Fig. 12, are created to expose,
for each nenory cell, a part of the |ayer 106, the
conductive layer 110, if present, or |layer 107 which
was covered by mask 112 at @E earlier stage. These
openi ngs 132 are provided with further electric
Wﬁiﬁﬁiﬂﬁbmeﬁt hoves @bmdiyer Clalidty 1a§z@n0"a®tué nnghet ihﬁropegicmhgmsf layer
}10 an[;l the amsotr%%nl% retclSnIne %f lta he? é(wj {he? ers %‘Igb c% nt%g agT th hrhgwﬁf or
is‘electrica nec
glaers ofi lvedwlduectllmt atrugddstantst, seie i e@t 8haa§ 9dn tdos:lsaselthg figghdoptact
Fk@é e Lol chnte{l:}z ea ar ﬂﬁl of m%tb%erlo? faw W SupeERRSEE f 2
ayer ase change material being changeable
bidevall spacer apgl ﬁrgtlargﬂﬁél@e a greep sgctigp elghesigsmal epacerhe resi st or

170 has arfdchitnt @EREY fnbl@@llhe §i@al LB & hxgﬁéﬁﬂaﬁiﬂ&eﬁim&&tac’t
cha e material is in the first phase, and a

1 G5 pecprsionlpct e, snS GheE o SRS F 5T BRI i Fdpideval
qiaeé?tréftlhdﬁ &lan steBd frbtanaact ateh efl/dr highdrhase catange witluedetgala
iS in pe second phase. In an enbodi nent the body 102
PRFPE W Hhs a further resistor formed by |ayer 106. In
anot her ehbodmbetimenttliper 10 dnaittedrapd ite tvolumg 06th¢ shase change
ﬂl@%ﬁﬁt\mth]ﬁ- gecfuu&f 555 sé’cﬁ%l l‘?ﬁg Qlen V\%tl?L%P&(ﬁm& Q h%%ﬁtq-y&{% nfh and a

current esi gne cht ‘t ot e§|stance
widih Wwfﬂé npoBhegrrgs s.te@t?onbéthwéé HmeseW gehiohenyalssiog pm . Jhg firets

Whhede Do de@MbdltR eleBiriE R Ic@{alu&&l 184 %@aw f&eﬁees@eane Rorfct Ar&eleﬁned
resul ting resistance 5 val ue he COE;DI nati on of

prepepifg 132, aick ispgpp! &hl:?o I‘G’f‘mf’f* ﬁootlm J s RO EStRRpRct a2 gnddhe
edceid dohtact dRY kA8 hdhQ si ef 1oeqoe hm1Qificlofs 1drfe tmh &8 erossahaing ef

e I T R e
fetiQcel srogasedtioe tas dl’ﬂﬂstéﬁnce sﬁ80@ @hmadlt:n the plase @hatlgwm&néas inmhe

Ul d e o) SR Rl GARBHCURE i 3OhBSh Bl

phase ¢ material, see e
amnerpBus alpege- tl] h@elmh@né@m 424 ang phe furfhsr les lcalrcé’é(qutﬂr are

%}h&ﬁedtﬁ ﬁm it PRy coﬁia@&&s‘fstaﬁ@l in R MEHEINREL arddl QY ihel €oddQRontact
openi ng contacts the | ayer 107 of the phase, change

ANt &F ieza:p lO%Q]émFT ngs tliezcontacAre@]rs@g@ atthe {i]lfsb(l‘,?n‘aft apag @nd the second
conadtigéd at@eap}airﬁanemai thé tebig@shcbyf thd @ lngyFthe@hast biangthaseial

gv g[qﬁerrg%u (L S Cﬁ smal ler than the first contact area
ny ¢ ‘ﬁ%ls &BHPAct area. Wien layer 110 is
present, Theeldciricsipvicol0dopartanlady almahtagbes sierothelphesvhange

AR RS LLNAL 4858 (O ALERRULTA R995L A8 s e of

blageshangenatesials, Whighegompgse, compesitiops af famulaSbr-dbivith & sy g

0l @4@81 andhid bai oﬁJ@nﬁ)Pée‘ié?ﬁeB@BéléEte@tﬁ%m therep df@)é akh, Ag, Ga,
107, the |l ayers 0 do not contact the sidewa

gﬁa?e@fl Sraaﬁwveav@fstail@?ﬂ%speéewr vhwlbiatappé?xnaataﬂw§€la%&@n°ﬂ§%@f the
Fitig Sb/l\/B sékrbct 9}g 1iﬂfo¥ ik Sas€ AB&e ML dRpiides 'Bd. FEOIE iR Idesirad Satching
and _t act area are. s

ill . not.at e .
BB ST e b srauar e by ve heoidf bRk Bp et
anig tra ﬂ@lgﬂh&f ape Ithetcbaposalon obibs piseodhinga naferitihee sljustedwikh that
ig?t =V, 'holds e?eu{he act %ncglllrl:t for tﬂsﬁag%ilatt Hl% cis’ylstgl%\é\ﬁilmk staR ok the
gher 't I'FSt contac
two outer ends of the volume of the phase change material having the reduced cross section.
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area and at the second contact area, and, therefore,
t he phase change naterial at the sidewall spacer

WO ad0me9388han at the first contact area and/ or BECT/IBPO05/050923

second contact area will undergo a phase transition.
10 I'n an enbodi ment, layer 110 is omtted and the

vol unme of the phase change material wth the reduced
cross section has a length L $f 50 nm a height H of

20 rim and a wdth Wof 15 The cross section is
t hus H ti magn We\phzitsé hh@@ha irlucza %sidﬁﬁle laqjﬂﬁ)f phds&thange material,

d t t 124 |
1 e na(i)?gt theair % gong céc: rgﬁ%or f ietéo %%ﬂ&% araaef R aélg ck%gr}ge aéeﬁ ﬁ 9
r@@tltum B cdmducznve quib betveen B(Dst nont4ct aresand @ Gecomd coffactsrep haesross
IsbdiiSh o AR ALy B RNM ke o REG: %%@Mae%ge%t ha B SRofRAG act
@regsBhegat of tbmcoaﬂuctlmﬂwmmg W@rqgmst@n@htah@@ arlengtrkic gihd the
| pRaso R ERRGRB may Rve \éQ}y's'tgﬁzé?lt)n L& ¥.e8inst t‘HE rse:\é\kt'éulﬂ:e bhge layer

reduced cross section has resi st ance of

tohhashehanse aiarighis fogeshanged heéwqeﬁNtd#éerenelﬁxﬁé% B being an lﬁﬁ&“ée

adtger @fan rmne diffepdnt RGhK R, wh@ae axh&f@hdﬁhﬁaﬁ&fﬂﬁwgﬁ)f phe}se
The el e i ca

Tt R Dol o by e TR BRUF BRS e e g st e 4
Iaropeyfosteate ﬁﬁthbmtagstaemhm@ﬁfmhmﬂtaﬂiy fin FigSuB}thaa@eorphoud fads
fir t t

Lo AR e e DR SN Ry AR
fopatesil Ieaymeabnainw érzespagtivetdf éheéet@mf the layomfabase glrange rpateial, by
in‘sq I@re§tcﬂx% Itﬂe%[atet Vt'ﬁﬂﬂn& \Gurh feﬁétﬁ BMQ ﬁn&[)hoh;hﬁqayeoinﬂ gﬁ)s&{(wn‘ﬂp ﬁartly

hase e materital having the reduced cross
SeepTalznerie PUF Bt 19 BV S.Pé%?lqmsfo peat the ampipoug part of the

?dasa eﬁaagaexamlavwa@rtelh;bwat@b atsove tH 3YEIizalibn BRMP&AtLR| THeS 2
ast

naterlal tall zatlon peed of 1
specpo b et S bear el BB Bina G AT DT & Pove o
whd @dﬂcrlbedn&ﬂlll BEra0mpdsd. tt 5 Arkhe diraficrofithlisasetnke dddrmiret the C

£ < n b nDre
sdﬁ{e){rjrrg n%’ %hg% eclhg)ngggl te % g&?lnl ?x S re% )gtahﬂzedfe b%%reg{jlgng%}& g,
Ferrespand dndiffgent pulsedusatipng = ys@aﬂhq Izlamnumm@pb@@eﬂv’@betwmn (430

Isa paﬁ&rl%ktmﬂ %ymﬂmlnhrﬂ eaﬁe foiGldy @B e 0f5 dshe1o ﬁsa’meqna%pﬁlﬁﬂ
for the case ere Mc nprl Ses

rgmwﬂafr@? {P@ M&%Wogw%ﬁ ithprystplling pate fn@ft theg éakse#east (N-
RYHAE &VHen tHelan6ihom YtaRerd wiERSES o RYtet dhEs drandWiasltiwat.ot iR @ig.

tion device . 171, th th L
e S R A LI
stysthllizdtiat spekd ¢f2be) phaerchingk dsteridieTy@icaltviized AN, dtrand v, as well as
Kot C r S

%gH&h&dfn Linin Jrlg tefé;}l é%‘%lh@ﬁ ng« nlgs of ?atst%é\lftﬁ%k Jﬁ:ggs %n Qﬁetir
Ghﬁﬁ@éﬁmmﬂﬁwia}Mhﬁvwngﬂﬁaé3reduced cross sectlon WD
2005/ 093839 PCT/ 1 B2005/ 050923 31 When the phase
change is induced inside the | ayer of phase change
material, i.e. not at the first contact area or the
second contact area, the phase change materi al
constitutes a conductive path between a first contact
area and a second contact area, a cross section of
the conductive path being smaller than the first
contact area and the second contact 5 area. The part
of the conductive path having the cross section may
have a length '"tot and the
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phase change material may have a crystallization speed
vor. Wen the resistance of the |ayer of phase change
N di f f er ent PCPRA065/050923
N being an integer larger than 2, N1 different
lengths li=l...N_ of the anorphous part of the |ayer
of phase change material have to be realized. One of
the states may be entirely crfﬁtalline, i.e.11=0. 10
Exanpl es for three further states are shown
schematically in Fig. 14B, the anorphous parts having

l ength 12, 13y, Itot, res gylvely Thelv rious
States of the | ayet of phase|C nat eri| " ‘W&Y be
@bt ai ned, irresbectlve of the3forn1of t he Iayer of

ertal by ﬁ‘igbt creating L|4§ state

with maxi mum llength of the amorphous phase |and

8ubsequent |y paitly re- crysléII|Z|ng this|pa¥t by a

§et pul'se whicfy s sufficient;50 hreat the agorphous
—part of the 15 phase change Taterlal to a tlenperature

4bove the crystallization tefpérature. The |23

gorrespondi ng |pyit S€ sequence| gy be providggs by the
signal generatior 400, and is{shown in andl|described

%ith referencd Yo Fig. 15A The duration of 28his set

pulse determ nes the anount |l phase changes materi al

i i -criystallized. Different lengths |i=1 N
gorrespond to|d fferent pulse>durations tj+il75 . N 1.

The n1n|nun1t|mm difference bgtween two Z0]set pulses

s—dt=ti -1 | m mm—val ue for-dt—nma hﬂnﬁ_

ﬁs or 10 ns. THQHEHXIHUHTHQFJ%Ih fromthe I39gest

&nor phous statleioto the crystagline state migio t hen
take at least (N 1)*dt. Wen the anorphous state
grows fromtwo outer ends of a line, as shown e.g. in
Fibtg.4: MiaBunt keeth Ivnef tire S geltawerphousipait nikhe preseghimgofayat
| east Imn 2*dt*(N-1)*vcr, where vcr is the
crystallization speed of the phase change materi al .
Typi cal v Single gulssr strRfegigt in yisha@ew zesisigege|valyg is gigectly gritten in a
ﬁgﬁ&e&m@m@adraghfmrm re@iE@n@vHIBOmbybe RN, fh paarPl RS nRf

r owm ﬁ%Bterlals an crystalllzatlon speed

their
aReng S B G TABTe U TSRO YSRR tahe In sccem
REhg WBRI0H SN IBHEORE/, twirpuleslinay ktsubedy6iie fordcRipvitgd Well dd3fided 2

qgoncil‘fi%r? %rgﬂh%segoné %E%%r Zstfriéngé 9% gorzsg,tﬁ%gltges Tgigtandéi gﬁ}%f: tg t}%%esirgd

value. Because the resistance value is set starting from a well-defined state, the pulse to set

the desired new resistance value is independent of the previous resistance value. In Figs. 15A
and 15B two examples of different strategies are depicted for N=4. In the strategy of Fig,.
15A, first a relatively short and high power pulse of 0.6 mA and 2 V is applied for 15 ns to
make the largest amorphous portion (i=4). A subsequent crystallization pulse of lower power,
suchas e.g. 0.3 mA and 1 V, is applied for a time t;=75 ns, t,=50 ns or t3=25 ns, which leads
to a decrease of the amorphous part by crystal growth at the amorphous-crystalline boundary.
For a pulse of duration t; the entire amorphous part is recrystallized, for a pulse of duration t,
and t3 only a part of the amorphous portion is recrystallized, as shown schematically in Fig.
14B. The example given relates to a layer of phase change material of composition

Ge158bs1Tesq having the dimensions described with reference to Fig. 16A.
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4 10 3 90 8 10 3 210 Table 4: Mninumlength Imn of
the | argest anorphous part of the phase change | ayer 5

w@Rwglogsspul se strategies in which a new resi st BOEB2005/050923

value is directly witten in a resistor which had a
different resistance value may be possible, in
particul ar when the resistance value is read prior to
witing the new resistance v@ ue and taken into
account during witing. Alte?natlvely, two pul ses may
be used, Db aftanative biagogy nofiret poké is aﬂﬂifed t’b&ﬁmpléﬁ@dhdrys&ﬂlze

t h t.1
A0 15 RERARAR o 0% MELII A R 08 SELIIG NS s
feedins toamowhous| pasiopsofyetiabet simet shogn for 51 handell ih Fige f 5Bn &g
Sk o H1E1 A5 e hcle Aol R0, ALASL 8L A0S oo

valUe is ind epen ent e previ ous resi stanc
1bf apiggous PayAin fagh arOYQBn@tweﬁISesba Hpingof ik rei¢ry stallizafien pulse i s

&taﬁ%l? BHsP.SThe kRat &b R Pfgeg}j Hak th'é'ﬁélvantla%b thdd @mBde' cﬁtﬂﬁgﬂst &fd second

15A, first atively short and hi power
B‘ih%é%thwan&? ‘éFﬁSda g’“‘%}‘% eésyal’&fi‘lllFlé’éogfaaPm‘i%Of?{%ant/ gells glgpea
tvbrd linar gest anor phous portion (i=4). A subsequent
h as

gr %Strrzl laln ﬁ %@el? lc'l)r E’leadcf Ilcénda F\%{e—xga %o%ct 515 me m:iy
prspc@cd 3R Bultidevelviftasic hellls &ibSs particubarlyl es‘eflﬂa&smeolbrmsrvﬂaere blt—

éﬁanﬁ?@%dm e"%@% growth at the

am) Eous crystall oundary. For a pul se of
dur at i on Flﬁshlaét“eﬁldﬂﬁ}é themesistrnesul ofpdmter pigphase change material is

ﬁl&féﬁyvféﬁs@sl thé élﬁglon o@fhe et BHILS Gsiff thSlufaRbd %whgn FigNGAL Phe fast

t he_ anor phous portion
Py SR Vosctieyenr Gl Gt MTREI Ao 104 prpsgyidh gfg nm and
4 Ifzhe $E00RIne agd & Bifer n)eGegszdﬂmaamg ayasth of 6(0as & wediiasry 80 nm

teri t Cei 5Sb5i.Te34 hav.i th
R esiearab aBoBPR Bath Ao b averinaey Lo o At ese
Q00 09B8 39 pHESTInd BROESH-DBOBAE obBRBed theraby. ahik matm&t ifve
é‘ltdlra@ttelqglx ’o ﬁe ffds{ %BW‘?%a laf u%eaalﬁ me e?egtrlg (ae %IEQJO?& tX the i f

recrysta Ize € previous annrp ous
BYeé‘?é@ht Then a nelt pul se of variabl e power |s

applied, mlsgaghRons Qe@;@&epﬁgy(ﬁ) e@&fr&h%%he%ve\ﬁ%ﬂ 18P} Rsistor
size,, shown for 1=2, 3 and 4 in Fig.

15B
QPLFiag y 12yt Q. of pphes a%angmatmwwéh%na%@le beEan At
mfsetviieh avakd eldﬂﬁfcalﬁ&ﬁi’clm@f ﬁlﬁ)ﬂ%&oahd pm@twlm s@éonﬁ efehﬁcal re51st1v1ty
rials t he

FIRERIYRRRS ol Do S b Gandipai il
wiaterst Sy elottrié-ilgyice 18Bfunher comprisady awitchige sipiud gentiatwr H09 forf
{\J;t\?h Fﬂg fis b Q)g b&@ge(?lrﬁgleas? Hllre%%]xﬁe?en{ Qgctr’f’cgmsgt&{ce ?Ahlles b{/changmg

ovm n ar al rogranm
%@rrp@omlwr@n daﬂeli ?aé07 Nth@*mwhmt ylatgrlal ifiem the first phase
BedisbiAdphaBe. W i t e-read-correct pul se-scheme nmay be 10
proposed like in multilevel-flash cells. This is

part i cul af fipuidbeneied thafthe Abasrpentiongd smbodiments ifusiate rajher than
llﬁﬁytha edpaeMd it ﬂhS@%kllllEEplﬂ fittecfttwill b&labid 1@ YesighbAung AferdGR

eresstn a | ayer of phase. change terial
e e SO e B o o GRverie SOt ey
refsrency digne ptaddeegyn sinoNiresds shalingt beTbikstrudkhs lifnétBig the claim. The
word “comprising” does not exclude the presence of elements or steps other than those listed
in a claim. The word “a” or “an” preceding an element does not exclude the presence of a

plurality of such elements.



growh material was a | ayer of Gel5Sb51Te34 having a
 ength of 400 nm a width of 30 nmand 15 a hei ght of
w@oos938and a | ayer of Ge8Sb72Te20 havi ng a | ePQl/iB2005/050923
600 mm, a wdth of 100 nm and a height of 30 nm Both
graphs show the approximately |inear relation between
the duration of the set pulse and the resistance
val ue obtai ned thereby. This _feature is
characteristic of the fast g?émﬁh mat-eri al used in the
€eL&MS:i ¢ device according to the invention. 20 In
sunmmary, the electric device 100 according to the
i nvention has a resistor conprising a layer 7, 107 of
a phase change material which is changeabl e between a
first phase with a first electrical resistivity and a
second phase with a second electrical resistivity
i fferent t..electrical resistivity. The
ghase chéﬁ”%gﬁgfggcgpbénmwn%ast gromh material. The
el ectric @@W@@O&l@l@snt&ﬁl@)he (7, t®rpf 4 ges: chappintaetialivging
él'a@géthe Ganel A% pﬁa@@wftﬁ)g ﬁx%ﬁel&%cﬁﬁgﬁlgiglt}; g}ﬁ s&%hc‘? élﬁge with a
between at | east three Ferent el ectrical reslstance
pefind slsctgal f?ﬁéth‘gwrﬂgfferelt Eom thedp5e slrngal prsistivionthe phapehange
ﬂn&b‘x@ﬂ bean alfkf gIanwtltl hetepd) &ﬁ@reﬁﬂ&r&ﬁlg@ﬁttﬁfabla bet&éeﬁm lteztb?three

{h ) ﬁ %@ o t he secogd phase. It should be

A e S R i e A e ﬁ7 107
¢ffti@rphase ichange héxerial fiverthé o, phasado thh adcotidydae. skill ed in

the art will be able to design many alternative 30
enbodi nents w thout departing fromthe scope of the
appended Axl edeictrie, devine €10@) as klained in daiyn 1, fiethercemprésirgi nggass (400)
Pt SECAnPHE G Q&(v@éﬂttﬁleea% Réist ﬁg@é dier efean&@}zggtaﬁé@ Gar @S,
[imting the claim wor conpri si ng oes not

excl ude the presence of el ements or steps other than

3 hose | %&%ctridﬂeﬂic&dl@@)% cliiRd Wl&lm lathEm tR I%ortlon of the layer

el enent s not excl ude e pres of

O RGP eholite e SEBaH i Gt e D008 G3BES . 106 eranged
iPQArkllBRODGE 85823 34 CLAIMS: 1. An el ectric device
(100) having: a resistor conprising a layer (7, 107)
of a phase change naterial being changeable between a
4. rst phdwgelegiriciedicd (10®tas dhiged i Claim 3, ediesinithe fughearesistar (6,
ﬁ)@ﬂ%@g fm%%cthglr}es?stané@\Qﬂ is gllnﬁfé{' hiaﬁ; ﬁlle Idr §t| of {He \5{ lgéé}]three
different fromthe first electrical resistivit
P cleriasbesisfantgtvaliesal being a fast growth naterlal
the resistor being sw tchable between at | east three

ifferent, e]ectrjcal resistance val ues by changi ng
5d cor r esporti© L?@t“ﬁc?ﬂ‘%ﬂ Qe?fas tlpimet gy fdpimy 4 fur?[‘@‘?"f’mp%%“ngt"rféad out
qtgnalgenarham@e)mmmeg alﬁélecfrrooéﬁdtslgﬁalfhhﬁﬁg a eB@SRageq VY Rehe resistor
a‘?lg 8 ng 019[ 01:[cu ffor (%ehermmlng%?e resslslcf‘%gee yalueefro t%gg)ac?gﬁr%ellc?sﬁﬁnnglythe
rsw Ottltmcnlgreqdmmg emighan mhretnv\(e)eme tflkreleate51$tme; (R} brireesmaller
infhEk An electric
oAby P M B bR AN Bl et T
portion of the | ayer

6. An electric device (100) as claimed in Claim 4, further comprising a read out
signal generator for providing an electric read signal having a read current (I) to the resistor

and a read out circuit for determining the resistance value from the electric read signal, the



10

15

20

25

30

WORA0E/093%89 r esi st or .

(7, 107) of phase change material is in direct contact
with a further resistor (6, 106) arranged inrparallel
15 4. An electric device (ROD)B2265/050923
claimed in Caim3, wherein the further resistor (6,
106) has a further electrical resistance which is
smal l er than the |argest of the at |east three
different electrical resistagce values. 20 5. An

el ectric device (100) as clained in Claim4, further
FRNRI tifchid Gqairii©AM ikitm vEltage &), Ge Rethatedistdnos (RRY BdingCinalkr

P By BB BB el B R VIEEE, v i mg

t he resistance val ue from t he electric read signal,

o : |
Ihe (e AREEIEGL hob SIS, il B SH SRl L)
pvétsbpbledktvageN (Nt elpatiécal tegistariie vatieni Wrbeingur integer 1afgey than
o3 t'h sMbdtrlc dediee ﬁlrthén:oﬁbﬁs%gr d addfV EikSit @o]" Q%mﬁﬁnfﬂh@%e@ﬁgnce

in Cdaim4, further conprising a read out signa

Yaelhateat ot gFeufs bepe alvlﬁ@ da%ﬁmeinéfetb?ﬁweemw deS§FaQ?FaYallﬁ%\1%ﬁVﬁ§ a
@laﬁﬁb&é&sﬁdﬁl&d &fférer(ck Jarked tHah €r éq@alits4 Miniman detdctibiardlafblresistance

L cu r deter si st.ance lue fromthe
BBt [ Pl i ghale ROy TR E087 Gosa g over aminn
Eﬁﬁfﬁch@Q,@Bﬂt%l@&Z@ 189 of ér@phaseithaogd material sagigfiyingi Ng a

r)rE%%l e (V), the further resistance (Rfr)

%N’i "™ han the m ni num vol tage (V) divided by
the r ead current (1), (Rir<Vv/1). 7. An electric device
§.100) as G @dcHRUelRe G0 StAmeMAELSHS, Wi&eih BR8P, 109) of

swi t chabl e between N different electrical resi'st ance
phgrerBanee Matsed! gy BA TrheeguTion (Gl §erhaysraspriagifesistapror 10
eh’eC bilbss, prgathide 10UV RGN of B blefekdby @ Neat/Ouitles] I CUI t
for deternini ng the resistance value, the read out
circuit being able to discrimnate between two

p.esi st ancen ahﬁtria@SvhaMDM)gas alainted iradlaimel, vBarkis tigrphese change

%atf:rla %FI[C[ og uct1¥/e ? \h Qegweegg%rst E %%a? ar;%artllf&j g‘ CFF@ ?%:ond contact

e re I've Teslstance erence
aear(éﬂ),cﬁ omsﬁﬁfcwnmé the cofductive peilrbeing smaltes then the Eiest quetapf)area and

Y &kord cHeit iy 10 resistance (Rey) of the layer (7,
107) of the phase change material satisfying k/[(

[+k) (N- | )]>(dRFRRmn 8. An electric device (100) as
ed. ai med iA[h eq?écﬁicl'dlb\'gice Wo®=€ t1Rindel & ¢1aMES, whéreink®a)t oOhhe

e ch terial and the further
s R e e S
the sdymqiragihg maélédyrldhﬁ)re&isthhce wRicAisdargérelesm,an pleafiedl aditagt ridfstdhce
\{therﬁgt gbn?act Ar as(§2m) %hd/’afnat ﬁ]l ?ec%{uiq ongﬁ alre%%%é Qrggesp&?%et oef vaihgcfler
tben@ﬁq dhertee saterigl G fingtephgsgtohthb eﬂ:cwe@ha@ first contact

area (124) and a second contact area (132), a cross
section of the conductive path being smaller than the

tirst corfinelactrigdagiced80) ap gaimed indaishly vheisindeg phaseshange

material is a composition of formula Sb;.:M, with ¢ satisfying 0.05<¢<0.61, and M being

one or more elements selected from the group of Ge, In, Ag, Ga, Te, Zn and Sn.

12. An electric device (100) as claimed in Claim 8, wherein ¢ satisfies

0.05 <¢ 0.5, and preferably 0.10 <c <0.5.
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10. An electric device (100) as clained in Caimb5,
wherein a part of the conductive path having the said

W@e@sH938ct i on constitutes a vol une of phase cPeEnTE2005/050923

material, the volunme having an electrical resistance
which is larger than an el ectrical contact resistance
25 at the first contact area (124) and/or at the
second contact area (132), géespective of whet her

t he phase change material is”in the first phase or the

second phasdsctrit Hevid(160) acdidim@d demhiae] ¢rli@Oyheisn Gk phased
se change material is a

th ha
@Sﬁ&ﬁtetnfld%suwa?%]llyn{ﬁe ?gg _eMe with c satisfying
0.05<_ c<_ 0.61, and Mbeing 30 one or nore elenents
| ected . nd
%f i, 12, Ak{]e%g}rézgitgvrl?er a@(fleuﬁ?q_ Gb(;]amfop wh@%in tlI 1‘bs1§%1sa
Smppiked fied I?Pdlz: (93}, thefrgsistor c@stBtesa memsy@le@enfa(h@) and the body
gﬁfﬁ{h@ 0 <_ c :S 0.5. WO 2005/ 093839
/I82005P050923 36 13. An electric device (100) as
cl ai med % AP meRoyeels cachmementrell Rempivige resppraiig@emory
gr&ﬁ@t uadz) ah®a &E&Sﬁvi%@ﬂb@lbh Yevice@€719fand eWh14 An ﬁl ectric
evice (100), as.claine aim1l, erein the
resistor alg:r,‘)dg?f‘?&? %lglg%(l#dgl%clbbody (102), the resistor
const i t uteech reemvENTE \beiad Eﬂ‘ﬁmﬁlal(l)&iaassblami thdvespgaaly selection
ﬂn]egﬁ)zo 14 tcgﬁ{ectﬁ)mﬁe 188 ?gctw@&le%{lgnaé,evwe fﬁ?fmr y cells,
eac I'sing a respective nenory
el enent (170) and a respectlve selectlon device (171),

gnd a gr 'Ajl e‘l)efctﬁ%la\ﬁ&t ('1@3 ag dlé?l%%d n]é-?lgm 13429:/F'1ere1;|10 each

menory cel el n i ndi vi dual | accessi ble via the
respecti V& S§]@Fté’6%?‘6?? agy F@@r(smyne@m e sHpipEdhae field effect
frSistbEHPRLL gdu&ese%hcﬂqm@ra deh@ FegRn (173 1and aldate réMlorl B9, tahd C
devi ce (1}(1)2% Ial d{} &Igimm, merein:.tpe

sel ect i o™ iy e Eop 2 Deegmprises NArst selpetign lines (120), M
s:amideﬂfeduclﬁrms(lfznehrd agblitpatine,15 transi stor having a

?g;lr gﬁ E ?% Llr?smtc(rig%% ﬂf e%chdnr*i%llor}?/ LR IFI'RE 7Q)21) lgc?trlcaﬁ cc?nf%gng a first
12201 setpotapfrpm e spiirée region @ é)eund tb@ grafini nagion (172)00f thejdorresponding
ﬁ@cng)Qge %1&9@&% fibll @ﬁecct fehdidtbr toatﬂéjo@lgﬁt ﬁﬁ’et Q Hécmlld 8&ion S
resistor (107) of each nenory el enent (170)
Crigpprdinggnqta) Oéléw?@eﬁtorlwgmaﬁfflﬁl effect transigion ele@sddiannhe fauE
fefi6n QO26LtHE a@in%gi&rﬂa@) alansimtglf@e domitie ﬁr@tgéﬁfnh ﬁeh?g?élec@fcauy

SOPFSB  PAROPEN G ES MO GU Ak 7 ARG FeoRd LS A S BRY

@hndcteé toome bEBpEIsekdond saeetial linex (1d€). sem conductor field
effect transistor, selected fromthe source region
(172) and the drain region (173) and lying free from
the first region, being electrically connected to one
of the N first selection |ines (120), the gate region
(174) being electrically connected to one of the M
second sel ection lines (121).



