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WD 2005/ 093839 PCT/ |1 B2005/ 050923 El ectric device
conprising phase change material The invention rel ates
tric device having a resistor conpri
\}f@}g@{é/ﬂ?%?& a phase change material. The invent ?gkﬂﬁzoﬁsmsogzs

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 which is a non- vol atile,

thin-filmelectronic nenory dévice capabl e of both

aﬁﬂhﬂamﬂﬁgmﬂhﬂmdgﬁm&ﬁhﬁﬁeQﬁwnmnfOfnat'On storage. The

known el ectric device has a resistor conprising a

phase change material, which has approxinmately a

conposi tion of Sh2Te5Ge2. It may be, e.g.,

Sh22Te56CGe22 10 or Sbh29Te57CGel 4. 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

p hase, WhiThb inl@YioPRlate®to%n eleIPIRROMTIng a RELEF d?;ﬁﬁ)hé{ﬁé ¥layer
8 g& th of the first phase and the second phase
p B HRPE AL phous  and partly crystalline,

provi ded tThainvéntien fuelsr sfatas tor mdthdd beopehtigssuchmnrizetric 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 ivwo.2loes noscddclo¥esaasbaeEd @%ntceaﬁRbM %Iuch is a non-
$E$E or and a second condu or such t he val ue
o)

DR Flerrenr meman derrarabin ! bt A %ﬂdé’éE‘ abfpygns of
riefoinstion stortdecThe khovat el it dexddedins andbid: bansiagn ﬁhase change

CIQ&RQHF chh ﬂi{S 9 m‘?atél]? a Hﬁén o@?&?%bg@nﬁ m\Qﬂ)e E aTCSGGezg

heat |n es ans Ions O

rPatSeepT%vﬁ%eWe@ﬁP cthhreemaree@l igghledebeing ﬁtstréma@ew@ﬁunph@ps eg,
?&ysiathnb %ncbi@islaﬁé! %d)e M@Jecdnﬂ pﬁdﬂ@ wWaRE RaPbe, &g ! dr@fstbld ON
§{] & P ase ; r*J’ ﬁaé d ]3/ gcoo conductl Vi ty,

Ereiie "a°“8r°§/'%°ttha? e fest ppesg and e s Haeymay bg a3rily 4m.opghous
phdpetly dytaling lpaskleduhbthheresistdr afith the byas¢xharge material in the first

Ghad H;&fthé’ﬂe.& or witH ﬁﬁ gﬁ%e %@JIHJ&&%’QHE the FJE&%%%“ Re %e?%

anor phous phase, neans o PeEs
§@P§ﬁ6“@ﬁ?¢%ﬁﬂmﬁﬁﬁges the phase change material to

melt. Her emer}asﬁstoe [s,eleEtbiGaIEfQBIfﬁEctedttGE. n@i&hdultcteﬁmd %@&orﬁd
" anpr refer, to a crystalljne phase
SRRty B GRS st e Rty Roard. MroRptiouee
pﬁmgmdwor andntbd seéopd emndaqiiratesbp aaductacapeant thiek via heBaigy
té%fek E&sm%%f ﬁ’l@ pl%?c{]ﬂh%y g qnagyaltb% n%l?e' ﬁ%s].;t B{;b%g an%fmésgcieond phase.

first conductor econ conduct or,

itisfelipved gt in e case pccleansifiendfost abess Witk & valaipely aeéeonducnwty,
ahca tﬁﬁéﬁrﬁstalﬁﬁ@ bﬁ‘a@ed&fa nialgﬂﬁ&ysﬁﬁfﬁie%ﬁéf‘ e@asph?emraltréwva? d
to the. hea epends in genera materi al s an
SHEpELn, Foeh A 8O 5 DD AT PRI G 1S TB B gans of
e bwfimitly strohf emlamausm}hqz)ﬂrameﬁmgemdmar\hm}tsmmﬁdﬂeﬂ ghettbrins
J}%ﬁaﬁiﬁg’ @t‘am ngh%usn Iax%shgedctg' %@eg Boad {@lﬁmé Igj}qas ! Qgrﬂaac oclrgs/’stalhne

a ra In a nor anor ous" or
Plver andrig maanzqrﬁtﬁm physgnr 4 m@;myampn@pyeplwes wsmctrvelyaiaudﬂedayng

}nﬁy\be@cﬁﬁ%ﬂ |b_ﬁ AL resiSiitd UEthb ﬁifsf dbnduRiof tHe BRASR MhduBroR the resistor

e el ectric conduct i vit the heatin
_ 1ts§:lf a?\d t%e %ﬂ%{ag): re%lt;tance etween t ese elements. Which o?/ these resistances g

coniributes most to the heating depends in general on the materials and shapes of these
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5 counteracted by the poor conductivity, which limts
t he current conducted t hrough the phase change

is believed that by applying a s
‘VBE@”@%&* he so-cal l ed breakdown voltage, Pgigﬁ{oﬁgﬁswzs
resistor it is possible to locally induce an
el ectrical breakdown in the phase change material,
which | eads to a high local current density. The
correspondi ng heating then i% sufficient to increase

taanén@snmn@&tmg Frosgss dBEVRN S RNGE BRUR IR Frh ha@REMS. I t'S

réaxj/stalllzalonte nperature, thereby enabling the
pﬁ*afg flre%\?@h%r@rﬁ%rﬂgf%a&ﬁrﬁﬁw%ws alrrafse to the
crystalli I’Whemhraﬁﬁng altfe@sidnGh :ﬁihﬁﬁtvﬁth@ réi'&iwblg &wi ectrical
\?V(?olrnghlracgrﬁbr é :g] aéer varsh:%relgt‘?v[grlg mﬁ’% eﬁectnfal?con V\%] %g??a}‘né%ls initially
i eplunienaeted bmhﬁamlropptuetdﬂtymlmhélmthg eurzht qoh@cteéthwsh thephase

r&éﬁg%%%@l It SHElTRIRE My SBlyin a§ufﬁ§i§ﬂt 961&&3 ﬂﬁs&calle@brea@down
when the resistance is rela ely 15 [ ow and

"1
WIPRBS 37E0sT Be FesiptanitipPosuble to 1%&@4%@#%?8 P %ﬂlcﬁwéear@gfm% ce
ngtigseleRan@e Sibtetyal, vehich Wadxdo a bigh BJUEﬂ Plhirkeningnshty Vﬂiehﬂga@poﬁdiﬁg)lﬁﬁtmg
El.tﬁgn is g.l%csretn%ro 11?0969156:?1% ?S,mblferaguge of rhe tp?ags% (I;hgs O may %{Ia é:g'ger trs ent.
i %maélrzntgmaemneawg, therelyy ermtdm the phasestranphtasfeom be anorﬁvsmhdse
PO aR&rysAlindgR&! | bed above. The phase change materi al
may al'so be electrically swtched hetween different
20" det ect ABp Eosp s dovicy Beaticubrn amed Er es Fecaically o
Spaaile Mﬂ]ehﬁbm&ﬁlo@%m wiich Icamarmbﬂm@ﬁena@pted iﬁi@rlmrhleé &tlte
%%églf.c%g%sgs&fr ot S’}h%tmee?no ucrl'e]lfles S{Sggedi gg és | ac tﬂ% flstance 1s re]atlvely
cloviphde ‘dl yfh@rrtbﬁr lpmtfmg% iarethtivainiyte The lysm:emysmmr bej epsly sieastimg
mﬁsuﬂp@ﬁr&e{ voltib$ a(t,r§51§ ﬁxe r@is@?ﬁld 'nﬂ:aéuﬂﬁ% tﬁé'&ﬁ%éyomﬁﬁgecﬁﬁent lele

reflecting either ch anges of 1ocal  order, 2
CrERPedemegt m@’drelrﬁ*aefb@ £i7Rsd 8y indsing arrr&r%trqnérogl argv.prﬁ@e oa
dbcfoﬁepreﬁﬁ;addasbﬁbed&b@er so as to provr de a gray scal e"

25 repres Rl @ase 2 an%e H%%'ﬁ tai Ql aﬁ Iotb\é e[o%trlcia sw1 Cb?] etween different

| ocal order ram
clotepsatis gatep 0&1@9&* pﬁmsrosﬁhﬁ erlrlre s;t,eetrwr ketvedey cmgl@ﬂmmrmus and

hapesly cLREIR88. BRANER srrﬁéhgrgloaru%h m@etHIPk Bot%qtrre%&@ra&e

eI ectrlcal characteristics epen [ agl upon their state.
lé*)'i‘&‘ﬁ‘b F%“pl‘?t?lry npazphous and b‘ﬁ‘&‘éf'ée SHang ﬁféteﬁléﬂ‘ Ehermay take
@mbe fiicgen@ntal @b%ﬂ@hxﬁgﬁtﬁﬂ@ﬁlchﬂhgﬁloﬁlobal bidyr ti@yehinigesdnes
u}ng §f tw% y %Er@ 3{1 g olrafw%% S%fereﬁjoc Sotré:eg go :%%Jeprgﬁ e an%%? %c%la
am#@ﬁedtbhe rrr!!d}mh@iy@ﬁccmﬁltwm @f local plémSPm@a thfeapecicinabeipvasy the
fc&ﬁpl&k‘l?%ﬁmﬁiﬂﬁ?% tﬁE%Bﬁf)lEt@lly mysthﬁmé éat@ ﬂie?ﬁ%! akhageudhls

known el ectric device th he djf ent
PQ}I‘@E@P%% elogttica} haragiristics éatren%r&r@fm thelr 3ate- Fopexagplpin its
apephduk Bab ﬁie\menalcem{s athihyt e&BtﬁEdD heeistsvitn fien taeuaRl i6t el y

| | I at | t. t.0o adj ust
B ST RBeb S Bt oS B L
wnplithdpeadion thadutatiopef thei cdeenapsed fop cltanging e phassecharge material.

descri bedy s drsg@ant%@%ﬁmp&om @arf@mce iRt trr@a,rfae&t B&ectaple
different detectable states of |ocal order across the

SIS G docal-giles RQshihp BTSRRI AR ISHel ERphYs AR
e@mméégy avitalileyaicahk ioRfvéay ARGl Rhgustel atively easy 5
to adj ust.
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The invention is defined by the independent cl ai ns.

The dependent clainms define advantageous enbodi nents.
ion is based on the insight that in
Jag%%\gﬁg%t ric device, the phase change mat erﬁiﬁqﬂgs’(éng’
nucl eation type of phase change material. In this type

of materials 10 the phase transition fromthe

anor phous phase Ato the crystalline phase C takes

pl ace by nucleation, i.e. the3crystallization starts
fromseveral randomy distributed points, so-called

nucl eation_centers, wthin the anorphous phase A as is
shown scheli&rerey th t]lerfn\fgptéon g E(ow@]aé]ézlectlnﬁ gevme as described in the
C oysiing|lpbriagrayihi inrwhick the Iﬂiffeteﬂt&ﬁct&ﬂe $HNEE ot Sﬂd&atlbﬁﬁlhe entire

¢ § gtﬁ][n'?‘ %etvg{ex §é}r§dl<ltég$ Stitorph ra%d rt:qo éx?etfgyw?rg;sta?lme st SC% Fglgp ve}?roeasy
nﬁyﬁwﬁ0w an exponentlal tlne 15 dependence. A nodel

for t h| s CTHéS’rﬂx@ﬁtloh £k HirfRH by BRE PaeSd c‘f’anf?sw@llle' @r&'ﬁﬁjen{ aad‘nF
: e optica

%% ¥ Illzatlon studi'es of :
VAdesPysgmEodigsatsy  conzal es- Fbrnandez B. S.
Ch ao D. Sfﬂe&wdutloﬁlslﬁasemsﬂ% nskht thalln t}BambwdQlecﬁ’Lc device, the

SD nmuni %F“a%aﬁg lilpavﬁu ?gn H_e (éggﬁ%g}%gggsp%%‘lilcﬁli@bgpe of materials
Bibhe akpsetrapsitirhiram the ﬂraqrpm@q ghase ejceyatabige phase C takes place by

Cﬁl)éﬁ:ﬁtﬂin' ieZ b b9RaPBESARKS Fdm LdverhSradd®inBl diskhiéd points, so-called
ngllcated tQ adjust the current 20 required for

PR T he P cEReRheR P 4Pt TP TSP Bie 1A, Once
| tw elysalifatie] ie tiittaied al thetOBic BN Cartery/ alystdftes shftito S¥RMBINAhem.
R il BRI B8 P Eon o SR i EF bR e
c‘iFP?I@ﬁtce fomodebfor thisgrysthibizagiory reg:hgusanle publistied ghechetiplnd's

n@a}stanaardnxm@l@s oftd'é%bfl@ §¢t§m§reﬁl%nwra4t&ﬁls By p@orﬁ@[@s—Hérﬁ]andez
ri c ‘device accord |n e

C ast_to this,

S B, St Rt Fatikep G pabieraar Admted
| By sicsICommainicattbng, aslhmgl10pdsbs IFRSLT, 11992, Bdhise oﬂlhlﬁ&&tlﬁﬂy
%a’ﬁg"ﬁfég ?hll} liza Sgch aSé’ls{l] %Sel%we \x;?f’“ell?]lg"rg%d t%r a[F]é] en‘éM
rfaduéred &r %btalllmg ﬁla%ttleagﬂ@%ﬁ%tln%ﬂ@?qtaé?leéemh of decyrisal adsistanes

mﬁﬁ&ﬁb‘ S SIS wﬂ&n lﬁls tfrdlth NAL ¥t 185 Okee ARAER XL Qésmtance

@ ?ﬁt Sﬁ? ? he so- callgd crystallization speed
QoG o ey dor B 98 e &Sﬁ%ﬁﬂ&iﬁg@pﬁvﬂagl%nlwa&man
ttlrﬁsres:steyxsetalldenm‘&spmase C, as is shown schematically in

Fig. 1B. co;ma%t tg 9{15%59 e}eétll’;]cedew:e acc dlﬁ%% tﬁe@vgﬁ%&%ﬁr&pmses a

i nterface et ween Crysta
Zhse phsersmasniab whih ing SOtCIaEed@sangtbrfmatwél Ehiyelasadf hasa thage

Maﬁh@i@l§ Bas atdﬁﬁré@& sqal Wﬁ nBIOWRmM RS thel LS hAME ﬂ?fsE Sfan e
artial ? % %% ljzation, the_arrows |nd|cate t
é‘}ﬂ&\’i&“ﬁ BT D fpatergipghe qystalling phass G eoms a3 refpively bigh
spiystimatly aduistymtmp)eted Itlﬁ\salcall%((ij awahﬂhfl} spadd] foi té MbcithddBetween
tr] e crystalli zat C
HleARRANSHLY o 6 LR INRE Vol bR G2 1.
Eh@é@te@jbne\i@@o@mm% iEiitd IRPGO5He 0S8 Be pllasa Candtht he

laﬁﬂ&@ﬁ(fu@ ﬁﬁasbﬁ bVBERart 78R %w&tﬁlﬁzaﬁbx@?r@&ssathe &4} line shows th
DI OXI_Iat egﬁ const ant cryst al Zat 1 on Speed t

Qr%}ﬁysiglh;agpthe@gp\ys 1§qhﬁa’5q Tge gﬁ\ﬁth direction, The
O‘G{)ﬁ”ﬁ@ﬂl%ﬁdn)dpesl shbstastialle htﬂﬁﬂv&l@é M‘yﬁﬂﬁz)é,tnﬁlﬂtaﬂﬂa@lfﬂdﬁtrarﬁb}ﬁly

U|red for obt n east t
RN I NP ! SRR il of e hout etepmoeses
values. In the electric device according to the
i nvention there may be

rac

,—~

I]'
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5 approximately a linear relation between the
resi stance value and the time during which the

phase is (re-) crystallized by appl
v@ﬁ%@ﬂ%@%ffl cient to heat the phase change ﬁgpglﬂogsfmsosvzs
above the crystallization tenperature. This will be

expl ained belowwth reference to Figs. 16A and 16B.
In the known phase change nmaterial, (re-)crystallizing

an entirely anmorphous 10 pha%se, i.e. a phase
t
iérﬂgag tﬁ{#ﬁe@%%e I)Sc(a)t&@e%@hegef twﬁ F:]Yaﬁés% {hls %g?x(x)lfx(aﬁﬂ%&ornﬁit Q:rystalhzatlon

| Fraech A geonth mgchqnise iyislatively Hpple pnd, PBAYSHOUE 155ﬂ§§’é‘? epsy to

| &djisemb Edr&ht&éhubéﬁ Mwmng&nhmkwm& umamme@thble Bvél (?ft he
rials

or.der of known phas nge nat
el o b Fesi e Piag gt (i v AP F PE> Phic
Catppsixmialteilyzaliﬁenmelitiorrhetw&ﬁ prencstanee vileanddieuive dofing wideh the

5 rJr@{&Bé‘@; at ) c\[?% aﬁgecﬂ%%{)alg V\%/ 3 ELﬁJellxt sn{fﬁgent ;rme& tl%l h%\éﬁ
eqh@mae@ra}enalwbwﬁﬁf@wstﬁﬁ%@n @@paﬁruraﬂ‘hnsefa% Pe ﬁalamp%/below with

Cleftfdned tb Fiz6. 18A@sEL6Bl N particul ar when the size of the
anor phouséi;l)?1|e is relativel

mal | . g.  bel ow 50
o Pt R B Bapmppg plhisiiestiof B gl iebipibnous
aduznieag elmmssupatanpﬂlytﬁye ofahataBithsrequirksen crystabigeion imashich Bn

b@héﬁgggtféglide {(n oy %@%?tg%m%rgﬁbﬁs lt%éésﬁ alldReqpPase
"IpRlgation dpg We@h iveitha omerrof B} aforthampve pliesepaee Heisrialind

bl ue- wav elig @ik oG fodl ke gast QMW’JH' miteri&3Othg c@itail&'atlon time

J8B3°5 R AR o2 ABRLL 8, FINS B B TR A PROS

mrelativebrshorhatitchias timgiiawthb entiedlpemnaphousgihase ta Biahigasyparthyav e
I LR L0 05 1
tk}?@“’lﬁ‘?\?’éht ion. The inventors of the present invention

have Ih n Ed&iﬂhb ﬁﬁdﬂ aif opical ?ﬁir(ﬁﬁél isedr 5dbaﬁag53meFﬁer@$é1ated to the
ase C e erjals e C ween
e B B oS ey e PeB P Sh by

indhdarpﬂa%awchdmgammtmldglehtenmcal—em:i'tume@d tdtetwavelyngth
ot e By eré’d?%Et'AF JEeqaﬁéE Jo%hgféfkg@%h PhRRL, %%\hlg]u‘ﬂé 1 pagkd B502.

resl St or ectrica I stance

déde At BHs artirde, poyrayeredosy not mention el araw@enqﬁwlé yregsingly

lhbﬁ ditief @bpdatlibammnﬁldkettm @&@ama pRiie&Bnge nlaRHERGCThE madtym
he resi tor tvveen at Jeast . th rxaﬁér

&‘ bRRCiRS ey él%ft‘?"e%%?f‘ %‘8 éﬂ"%’{ %{P] 8’2‘ CRBSE LR GAYE RAEH
asteldisied dipothete eyt grovth plowe difinge Ivatelidy@e clahzetiebapikas e first

%Eﬁ%@ Qfin Hﬁk?élécﬁlcﬂfrés%mlg aﬁ@gﬁésSﬁt haEQ @i %EerrIdQEctﬁﬁa"P fé@igtivity

ase. e swtchin e resi stor et ween
[difteeent from the ﬁfsa?l?cfr@ﬁlé?ﬁSt‘é'Fye@F Fgsistar hayiag prsglegtical r‘asaﬁrau@swhwh

wn&%n@mrubﬁé oBtHPHae dghgd Maltif &l thd K phése aﬁdaﬂet sefdd phase,

O 1 a6 I G AL B B e L g P ARy Fleckita) fegigance

30

sdeaibd Ich’aygmg)a tdwespondigyortion ofthy lam\aﬁthwhaatdﬁaﬁge otatial from
%Eré?fﬁs@ W&ﬁaggtolﬂ% b pﬁa&eﬁe%ﬁsﬂﬁgﬁgﬂ& €esfst§§¢ AGE oMt firee

! en there are nore
 didlerent olgetrisal yesistapeg valugsanay e denedy isupplying ew¢leairicalccarrers foy dayile

mnggtﬁ@h@%%ﬁ@@ﬁatgrﬁan in the known device. For such
an internedi ate resi stance val ue the phase change

material is partly
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5 anor phous and partly crystalline. At the interface
between the crystalline phase and the anorphous phase
e atons of the anorphous phase may
‘?82&[ g’neéﬁsl y grow on the crystal phase, leagcxgs%ogsmswzs
an increase of the crystalline phase and a decrease of
t he anor phous phase. As a consequence, the resistance
val ue of the resistor may change over tinme. Utinately
this may lead to a change whiéh is so large that the
or i g1 nal | yrifeidki€ vt Ealcsta Hine o Hlerkl 5 1A nAhRAOCT

be retrieved. The probabi spont aneous
gPYRRIAESR thet e intermpdiaty qusmcep(hla%@, Viea thereEeqmafy hpp three
i aﬁﬂeﬁa&emncmmes‘ aﬁa]teaﬂhecaat@ﬁhmﬁmvend&emﬁy beghiond dtablltﬁhan in the

a t he,anm rpho S, nt er nedi at
PRRRE Bt nle A 30 PHEPSS, BARE s T i SR e
vahfm‘ehouearg pattih eryedligel &t hé ylted“agesrbtadeénl tiverstabiinephase dnfl the

e pﬂa%ﬁ& oﬁ%@z%nlls] dt¥he %9191‘8 a§eprﬂeﬂl E’c&nsly grow on the

cry all'ization eV|ce here are
sEYE3! Rhase. deadipg (pap nceeasg |0F fhe pryipibge) phese anda fegrenshf digp amgyphous
apmsqoh@ H SorB@[héric@ % re!&lsﬁﬁcepjaas 6f thd Yadx@® nfaf tidhdeadver tivfei Ch

t
 RIABA I ol R B g e R B lsmce
c‘r‘a}k@tcarll hd Inegepiirastaevel. dihel pobebilitaefergphpusnphogerth ofihe
SGPIRteSHast }ﬁcféasﬁé M er&dd % hﬁéﬂﬁéé%réa %Et%EJn‘i‘l‘feecryséﬁmé phase and

shown schenati cal % B. The resist'ance val ues
1 15¢ amperahousphases Thye, %ﬁf&@@leeﬁ [ clegrsiEp g state miiheiloyes gs.
| sibhc@idhue] e.B i cOmpIPEIy @¥/istalihedtate, Q4ILIRNe thBlatvedt Rbility against

|Sn5§rnfeacs% btgl en t he anor phous phase A and the
|p Startrine phase Cis smaller in the device accordi ng

to the i n\Ieﬂme koawn dedes thrgare $Rerak shlaiively smelheystaliesncrounded
Qﬁ\ﬁnﬁﬁ)ho%%mghﬂﬁ off fhase Iﬁ‘ﬁﬁ@ﬁl&&@ﬁ wthn'ﬁ is IsRvRY s@i?ema@ntaﬁy in Fig. 1A.

r ési stance val ues may nor e st In the device
Jeeoartigythisgn fh é‘e‘f“??\?é‘i?fq“@%" %é‘%i\éﬁ“tioﬁ thF pigstalling phasg ¢ andthe
tdﬁﬁarﬂiﬁﬁwpﬂ\aﬁ AVArERpHREIVY d sthglefcb@inudvinteédatePdd is dhten schematically
SLEL 1 1 B S TR Rl i i
dod ép |at¢@dprp>nm@tﬂe equake it thegntenfage prawesy tha pinerphdosiphase A anddine
cB%taﬁﬁ@ Pﬂa@é’é is sSRIEP B5thd deDide Ao toﬂﬁlﬁﬁ@nﬁdﬁasrég ﬁlﬁnﬁ Bah B the

he tenperature. The non-prepublished Eurodpean

6‘&?‘@‘?1?3"%6!3"1 el o R %HF‘F‘EQW Eﬁ%lStﬁ’%?ﬁB%\‘eS may be more sable
G3tha G&&&&ccﬁrdl@tté O esion SOk in FlplMBekan PHA ¥h3Q7 BSsice shown in

rlt'l FIE cffl&oéﬁesr’] @l stfﬁnl fr thecint%ﬁr\l/edlc % 6?%%36(:3 vlaflgff' g?%pg?a%gt &oﬁan?y on the

stor tonp ase
Gm@@amf&ctbleﬁmkaém the fmeVls'@s 180 pgyieaapbs, butdlseorsibe dighical

@&ﬂ&%moﬁ Bing ﬁae%wge Rl 9o POh & Bi6fngal T esi stance
depends on whet her the phase chan%e material is

. n t he fi F@% mﬁw&@%bhél?edﬁﬁ@%aéwﬁa appigatian witlhgpplicatipngugyber
083100583 8b&tﬁ;ﬂéﬁs daamdluﬁibe@m%]mmp d‘lgabsee ﬁnﬂ&)&ctrﬁ@eﬁce with a
on om St ase tO

DR Sl € Bt P PR Rt P PRI oveon et
s andadl secohehplaise, terpsidionisving h eleeddal mmmw depdnange

r! C al r ! i in
RGO o0 chale Sl k Bred fholl of B LeoSQRAG dly Bne
P#éﬂr?Ol BHOLY Ve §o3 enapling arttfe%lmné“m Kféﬁfétﬂ@? i1 thy spegndl ghpse, the
bl&h)ﬁ@&hah@ Rl t@mg alfdsyg:m:u afateAQCRUS emﬁodﬂuhttther&if ihe phds®

OlsPirieeP e RS S RHE R P BB e ool

- phase transition determ nes which bit is stored. The

non- prepubl i shed European patent application
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wi th application nunber 033100583. 8, attorneys docket
nuber PHNLO30259, does not 5 disclose that the

&8?#0%}0%8 4 s swi t chabl e between at | east three

Brent” el ectrical resistance val ues by Chgﬁmoséoswzs
correspondi ng portion of the layer of the phase change
material from the first phase to the second phase.
The el ectric device known fromthe non-prepublished
Eur opean patent application wbéth application nunber

0?{?1;%&@5?1% cﬁ/ﬁtaﬁ‘i%tfaﬁ B4 Ss [glgﬁsl.‘r y J&V Lous ﬁ‘) %%Q%@gtoreg BSe

not corrprl Se neans or swt e resi stor between
atleqtricqleyics. fy this capg thgvplpwe afhe ma%@bqng%laﬂerraéqu@s%m%@e phase

VRdngi€ion dyertinesnglidhbitds S6Ed. erﬁep@a@t@@lmﬂ EinQpead batédd &pplication

ot s A o SRR g Gkt S s o
priedenthat thwemtmrmwmhable@bmmat teadt| thveke ddfecoimbacirisd sesistance
TRARS b Sl GRLDGhald Goli B2 by LI MGER HankSiRRLa

three di fferent e ‘ﬂ?l cal resi st ance val ues, sal {Jlfmm
nba st phaseriethg Eﬂcynddfzbﬁ%ﬁ@ ielegfrindeyice kg Gemahefonpreawiighed o
ORuEfeat @teafhpﬁilcﬁﬂdirf Mﬂﬂdppl%a@maiumb@ 05 OWSB ] S‘dtto&k}@ docket number

t
I oot il ol e o e By wf b b 0 e
adifferdr Becttiqal @sistarch vadienby thatding pomesponingportipreoflilmyleyer afthe
Phasend Q@Bgt@nmwtﬁeéﬁr tpheeggrt&%&gd bfi&, phase change is

in direcét contact her resistor arranged in
paral | el mthoﬁ@e?t@&ﬂ@ prgeent ipypotigyethe glppini devips qopuprises
Ciﬁééhfﬁr §vhﬁh1ﬁglfnb hserstof RSieh B leadBiMred AlfT&Ed: l@l@cnﬁt‘ﬁl @sif@ad vahgs,
20. e nge rial. T oul e
B R LR R e e S G e T
i ddjustiile lpﬂmtee talhan@emnm efitheadlecirisal jsignal wél Eardmcpbﬂddpslow with

g@ﬁ,%goetpﬁg@l@@aﬁmBheatl ng elenment is arranged in
par al | el th the resistor. Wen the phase change

mat eri al Jrsani sibpgigent fiohopian plsthe Ry of phase gemecapder@hpl i ed
tlmdarmgrt@esphaie&hadge QS dife0t AnEd RMitR B rurélér@emsfbg arfngddGa pdralle]

t . t he he t
R e B SR o e i s BB ion ot e wpsarig
wierrisaiof the ebpsé eliangy materiel. €l Joille btatig loydkechswiing el is then
heRdiivO el ff‘i’lﬁ%ﬁ‘s% cﬁeﬁ@e &m@%@ is ‘H‘tﬁ@&ﬁo Honseﬂh%}’becdug@ﬁl&’ﬁ’ehﬁl—%

t he endur ance | ectric_devijce.
reéeglegtﬂw% fh%f\%le’a“"fhlm IRgtore\Vhenthy Rhage chaégq @ftarﬁé @ in the

Mﬁoﬁaﬁoﬂg @?fﬂwvblﬂge applliadio k@ edisti Gadtio Qﬁunbﬁtlfﬂoﬁtng laciagt partly
thre er ance val ues. The.

T R et e R T
i eeqirising dmetlectricaltbivekdsaunaTHigteating piogiols the pomechsfigeythirdly

%prloﬁnét%el{dﬁéhéto@{hegﬂgﬂ% &e%icE‘g the layer of phase
change material, and the other is the further

resistor. 'Kff“’é‘iP&F?é‘ISfér 18‘1‘}’ heyohiughe glegtiical esistappomch iy smaller
@raﬁaﬁm@@ttdfﬂﬁ at réasFthgae difﬂeaent el RichiaéRiancé velhes. ’ﬂ{é%ﬁ@ctlve

t.h thy
R e R R R o T b el F Bn e, i ot
as ﬂmwngr chpprisimg ik lpar wpﬂasa chungkt lhatmhmairthb otleer js the further
LRRRE %Iexﬂare ofge@%ra%ms sﬁoqz NG ods! Q%%H ih 8 %ﬁl S ﬁye% of

sw tche et ween at east ree dif

: P’é%? e ateyia) a1 e ARheTIOnEY G9TII0 i by wgg%ﬂ 7

Agh SWMThE MaRgla Rfight RE, dn@ B &ldaRe&h W@cl., W Wi re@ﬁbﬁ@veﬁfYAccordmg

A QNIRRT N AR A A

second phase. In one state
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corresponding to one resistance value, substantially

the entire layer 7 may be in the crystalline phase C
state correspondi ng to another res

\&/glzﬁg%%g stantially 5 the entire layer 7 nayi’gt/?]?%ﬁﬁsmswzs

t he anor phous phase A In yet another state

corresponding to yet another resistance value, the

| ayer 7 may be conposed of a part of length | which is

|n the anorphous phase A, an@ a remaining part which

e' s@xtit:lﬁl?g Eﬁé%%s% hcl:eq/glug E%x?a bg ch&gm%? c Qﬁlgﬂdmg %?atfon of the

I Ca y or 1n a tiron

t @yerﬁ 19éths phpsecharge F@@ﬁaw@e firgt phpse to thepiepAnd phasy [n one state
afﬂﬁﬂeﬂiaﬂdiﬁg ts b@ﬁesw&nmtersumnh&;@ Qe @&l YmGysitad | | ne

MR R LCIN  IIER TO
wihe eriird lesed 7 tnay be inchefafuerpbots phass Asihyaceotastaie corfesprondifyeto yet

egg@g;g,l r@ms%fl?@e\}q%hx% ‘%Heeﬁ% i %’3 %’%)h{}&ﬂf el Pfo i %ﬁgrt]lg ﬁ%&h@ﬂ%‘é

etween t outer e
RIRERIOPORPRS A, Bk aTeinaigiag payt vdyieh iy inthersastallisg phaseds. apis phoyn

b&hen@aiban ratig dzBamstéaalolf QW addiliéh tb, &ﬁd sfa&ﬁmﬁespafdzrfgb@che
er 7 and the co

SR phTeRG P E S BRbFo ae Bl S EERRRE: F RpfEoree
SOOIt By be dEnged frem 1 B aun dr théve diffeontvelogd hliicigead as 4

o&ﬁér&LHEﬁﬂénéé%lhétor 6 are calculated using the formula
e resistance of two parallel resistors.

Subsequentfiryithe exg@ple shayinsrhsmaticplly palie, &3 thgresishrce R between the
I Sufer SAdA RGiB: l@ﬁg&tuﬁﬁkﬂ @fectibn oﬂbbﬂh&dy’er 1 he fd’riﬁ&* r&distin 6 alaﬁbe In
n ce C e SNown
rafiteE SforbriE FufgER o o ER Rt dhES L U8 SRR
| rastef fuﬂhérmmstwm argduily: reddtanesofdlie amopphowpat ef lajer 7 aditleh | s
tclaﬁ'e @&d'in% ggft of fExlﬁ%ﬂIeHEthrbe&'e Eaﬁ:ﬁia&ﬁ ?gﬁ?‘gelh@forr%lﬁﬁ# e fegiﬁgnce of
ayer

reS|sto over e resistance o
&1 paralfelrepisiorstSybseyepidy, Hie |r¢5w§nqotr~va§éu@ of thy gesisianag éreca#ded to
l@sﬁmtﬁ@,@gg@p@mds to a situation where the further

i st ti.vel h | cul.at
Shown 1 H Se S5 ruiet R 3F St e ST HGLA e renet
flhéde amoralmds panef bygrStial Yarios vplhaofa Brinstds @OwhidBhmhe rtiaofd
%émmgb%&mce Bﬁﬁ@ﬁﬁﬁér\‘&ls% smﬁthaﬁes sﬁﬂhgtnﬁ }% nﬁiﬁe&%m

rnm he w d Wpcm I S rimand emils
fh wsrﬂhn?ﬂl@sm%ﬁ@ﬁ valpreofdng C?fFFéPW%fP R S%@ti%w Mle fygher yggistor
ﬁsa@"fe&welylabsymolfn theRichilatidnRBéwi i S‘igSi!A)the reBistivity oPiBe SEROSRH

e A B S St P CF 30 56 i #f mBpm ety The
MBM&FB 2061 e8m] thereidthAv,0if 2pira sl thizipheh,aes Errnal and t he
fur t her r ?ﬁ'el kéltgﬁlrhﬁ-gn& tg%m &¢ ﬁsqgeﬂ ag- ﬁlb %siglﬁ’?t& gf‘:t]he further ][eSIStor

resi stance w eneral reduce t anount

- Gy &nehopsade dyprsiracep Bindetied yaypef kof the phase change

rmt erial tnahd ARulbdibntshéim gl SA ﬂfecomdremtﬁﬁe N&&W&ﬂtheﬁyer?

er ,of advant s effects.of th
Rt P GBI E BBt e B rteos P tomatteesgies wil in
ghErabmmeadte amewit of currerg thas floves! favtn thelayer of f)éphabet charigs material

R A O R GRS
peitior 009 wivony beSeSF elfigient ythest the egpragt regstagca/s Falpiroly gh. It

Is@SeFerred Rabth@d dn@WEredistine bl 101 1 dm? Rl o 188 $HredbENGE Van*ahe
current fromthe |ayer of the phase change nateri al

to the further resistor, and vice versa.
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The layer 7 and/or further resistor 6, if present, may
have shapes other than that of a cuboid. For shapes

that of a cuboid, there may be a n '
\ﬁﬁ?ﬁ%@%ﬁ%ﬁs bet ween the resistance val ue of tﬁgbbﬂgggﬁmns
change material and the tinme during which the
anor phous phase is (re-)crystallized. Even in such
cases the grow h nmechani sm of the phase change
naterlal according to the invéntion renders the tine

H%g E;e 16 %%m?}& SERss! Io@s %apg elalﬁogy‘%s)g&l\éﬁgg of thér afrent

us part 0 ayer oca e at ah outer
Ialreay’érhe Phaawalanawyate@alﬁpme Sethgryesisitreand Weveiet h
an ot her maheldyal7 abdledTurdsr Rsifor 6, H@refsdnf $ilay 648 6HaBds @ther than
or .electri

TR bl TR gpe o M Pt Ta g A AR T
thetveeravorepistonrs visag ¢f tiefphise ylengé/marerial g thertipe dofiog which the
' aﬂﬁ%ﬁém@ gﬁacslg bt (Leh)cngglcﬁhﬂg TEve® ﬁdsH&'ltd o%rtﬂ Iﬁéchamshleof the rghase

t1o ous part e ends on aesi
p‘h%ﬂafh%%t@r@é aggordingdo e @éfmlp!a: regidsys fé@ ¢ dgpendgnge %eﬁﬁéteebihera!eﬁhe

kASIEde MBS Erhb elnWpBdls by E laydr 7ang) Heldatbd mﬁ og@RALGHEr Band

th d | tivit

R SO o BB ifhanatik Bt SRt p e PR oMy o

segiddonductdr isell Jorplectsietly comagtinathdlayer ﬁatlmawey, ofin dddgion, the
s,gfurug Bar‘f’?%’hy%?? ﬁlum i) oﬁin?e %L Gy ardlef &H&Eﬂ:@%&eﬁ% The

ﬂgresen I's shown 1 n FI

decation gk ke gmopheIsp @Eﬁ@ds predp desigh PEraPRleEr efé%e Yeqiicidgyiggeuth

e£ ﬁ-@&ﬁﬁa&t&eﬁhﬁﬁé bét@éh uyas;l #al HIGRst YaHaliorwhd Bsebdhd conductor,
Is,.entire

bt ai n ous,
R oty YR prcarSBL e Se b RRBE R e
tp@m‘usrel otheg ntagrialk of thesdletrzniegoddu@Oasrdetenitin surroaiditsithedbypr 7, if:
? when using the further resistor 6, which allows
or the use of relatively nple read circuitry for

det er ni ni A§isshevyiaSissinthe érevapeu@ the frthepssigyy Sapvees e largest
efiRtivelcltdriRel redifiSicStaie which ks&)bw{ew /he [ay3r ¢ h&ﬁtﬁaﬁ arh@’bl’i&ﬁ@ i

e e R R L PSSR P

cbepem tlaixgynealt when|uyingihe fllrﬂher resiatqy & altichr alowsdar bhusawl
9&@} sn‘h E r%%ﬁ!:{ﬁ MGte%mfn?%)e r@s‘?’s‘taﬁémﬁx@ Iﬁ’ {he E&@nce of the

anorp ous hase e ati ve | I cat ed

freRe rsistoy @ |ﬂaeﬂrablé P&R ehapgep Efmer*t?ao by érrde%ﬂoﬂ\é@@l w%etn\%@ﬁ

I B&h aqu BNEE2008h UER rBREEE oD the t@iﬁfnfpﬁchﬁ ?E@émhﬁie&!na texpaﬁegﬁé]@ on
I ous S e er Stor

PRt Dich il erdhc e et out o e AStsenda GE{ng s phese

gepeiocomptioateds $his may métrp‘eblatmbehfﬁaﬁth‘n Jilfarehtinte between

@glﬁmé ehtdsahed oﬂﬁlﬁ@re&@ﬁn s¥e ofthl L6 @[&9@&@@&&4@@%% %nther

rge resi stance values are re
OO B¢ VORES PLEGEsRRg e v B deger POYURS o frperatire

%tﬂ%hrﬁie%l%@faﬁaﬁ&hoﬁ@a&ﬂ? Difitiend2€bediéesd Qidh Mgmsgfan&welnes are
.0 nm eve

AR e TS e it Rhe FisPr Bgtesgrfid et R may
hesmﬂebclbwwé)n ¥Ohiarr preabdleve 8) k@hniemenmhen tagad icaniredrit themy
&?o\{&oﬁs IJ%EW%&%B&A&%% &hectipfiiSe change

naterl rther resistof In order to be able
to reli aBP)PTaé@ﬁeaadFiﬂ%Wﬂt te@d cupradimey henedo oyt Wrouglt the layes af

ﬁSh‘Mé cﬁdn@@ﬁﬁfeﬁal aﬂggg fa/ngggw%& g%_rﬂ?elﬁ ltéb”zlfeggge 8&2%%& \dﬁblis@th@ €
ST v BRI BT AR BRI TOR B s e o

the resistance of the |ayer of :phase
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change material and the further resistor is rreasured
by detecting the current through this bit Iine.

yant ageous for the read current to b {’15
v?@%o?ﬁ?%?ger than a mnimum value | of | Fgﬁ%@ o923
as e.g. 10 mcroA or even larger. 5 A voltage V may be
used for generating the read current | through the

| ayer of phase change material and the further
resistor. The voltage V may bé@ e. g 0.1 V.or larger,

9.111‘?{% aft 'l&kagtg mﬁ‘re}{% i &%L ?39 4%’ whe'h ?s% ah?eg)? It'1h¥ lggér of phase

er than
Wé‘?ﬁ@@laﬁﬁﬁbﬁ“ﬁ He fyrdenpsisies mmww i demtmé\ﬂ@ﬁmmﬁﬂaroeglethrs bit

(1[11@ 1) Sy @ibvhritagadub ma thekeali B&reama 1P BHSto BAkrker tiH ainl3glmBm
n oeratl the voltage V is at
I ea§tI %]IE F‘)F‘seer’ ﬁ’é‘ﬁr‘?}]@%m”?rﬁ?reshol d vol tage. For
a vol tage A/wrllfageov Baybd uged mgmmatmgltl& redil@ament hihfeugh thByer of
t I fi; bh
ﬂﬂ%e Qatngtl, m%ﬁél M dﬁlﬁﬁée ?e%%p %‘thonlfa ﬁ]ﬂ @%eg% O'tq a/ & leggc’e?,

change naterial an urther re
SHEH 8 ey O-R¥Preteraly thgvolings) V issmplier thml the twesha voltegecpf the phase
Riafde lﬁ%fﬁlh@br@ﬁent p-EhiaBorCé%%ﬁlbl@fd (ﬁ@&yétaﬂhﬂ@ﬁ‘on@fhe |aﬁo?:hous part

rticu rt. o
R e ol PR D Y Silgell o b s e e
tthreshpléyplagnce R may be approxi mated by the resistance

Rfr of th %‘mf Moﬁt%%rv Jf%%' \%n%e ex@%l%ﬂ&wﬁ”@ 2ﬁethe total mam1];r1um

appr oxi mat i on par ane
FosistancerR ofcthe fayss P%ttha%ﬁ Changg mﬁtﬁ@al prsk thepfsrther pesistorhap fo setm@r

Ry ﬁﬁlblﬁinﬂdliéﬁn E’tﬁ%{ex 16 et Ii@ﬁ Qbhﬁfholﬁb Qﬁﬁ c6HaRBH Bas to be met in
el a 1 N Ire Ine P
gax%mu!?r w&gn §1 ﬂ%}ﬂgﬁ Q\?ﬂf eh ?{gpise %%Bge ]{lﬁglaéli gaﬁ%ﬁ;t Inaych a

@sg the2@istainesR miayris appsxnnlaati bk thi Sslsiohd Ry oFhe fubhdressistor. Within
-@g&kﬂﬁ%@%@%h @AE Whidh isRRASE cﬁfﬁ%@g@eml& céLf the further

further resistor, erre

FfiSHOE o5 thig roisipngs dRero e LAver of ghase @}fmaeﬁ@tea@w@g e@fu‘%ir indhf:
TRSalEhehhd, gau@h%yk%mmmmum gt For BRA wofsiggmhm
I an rC
A B 2 B R Pl Perios ST it Golie Chasiristongier
tha durthbrf resistprvide prefegedsipperdmiaik iy Be ealantdl diom tibbetuation.
then fl
en OWppe eTJafn% d%etnﬁg }lse QFeeagtE %ﬁag gen%&j)r fo? ﬁromaﬁlg §n

of a read out circul
plediigreadiignal higvigg r?a‘gl/v%reged‘étcethwﬁéer Pmﬁelﬂ@m thgpffective

ekistatce valud Raderfahgﬂaﬂbm théh ﬁo\bﬁ arﬂlis QuHenCrhdydd |nfeasﬁﬁa}d ah® Bk Rs
or, r asur

?f easrleegitogﬁ émukl 2 elec‘ﬂﬂ: éle¥1ﬁer éerﬂs}%%el vgﬁg Hle%{)e';&temedofg)m the

fectricaranllsi gnals Wil reagirout dimwit hyerequirachivioithagesny/! @i relisbyd by

&Ea@urlmg%memt&ué LRRLT % furthefresifidos ¥ Ina {JQA e&geaéigg dﬂaﬁem& the

condition Is e reS|stance va

- fﬁaadr‘tqlféﬁﬂ‘éthtdﬁfébms(mwmﬁm @istesttlairfe Re FfbOlds ihenisais condition is

1&&1 BPlehifthied viled R,ahd ¥ padiuldY thhAdhhnY Rlsdtande RE, Sh&He! 1 C
conprise a read out signal generator for

eﬁ?aiéhsg%?rﬁa B el ectric read signal having a read
current lAlzrialiely, thsebttde devich enay eanbriveld read due siprial gefnaﬁtor for

Is#smﬁgran@u&amtrsaa stpfil m@%@ad ﬂbﬁsﬂo RG0S, ﬁe?gaﬁf k’c ircuit

r ead S|gna may asur e ta e over t
forstespiging ﬂéﬁfﬁsﬁ"%@ Yalpe diqmythe elegtrictrend szgmﬂ rr;ar e peasurtithe

VoR&d oGdHthredifidt] dnd ﬂﬁyurﬂﬁmslgt& if @rebdnh) rrﬂyf&df&lt &ﬁﬂﬁ m¥ly feQlire
reliabl t he resi stance val ue, ¥1
TR e A A L L WAL
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may be preferably smaller than the m ni mrum voltage V
divided by the read current I, i.e. Re<V/Il holds.

' condition is net, the resistance vaE
g@g{o%ﬁ% shed reliably. For a reliable neas E@ﬁgﬁﬁsrososazs
of the internedi ate resi stance value, or internedi ate
resi stance val ues when nore than one internedi ate

resi stance value is avallable 5it is often
advant ageous if the relative le fference dR/R, = (R R

mky b Preferibly HR18GkhNEe Minthdnt @cﬁﬁégv diﬁzﬁ&i l@ttﬁ@{éﬁj dﬁﬂ-ladi@-? e |

PR b i o B e T S8fpsnelie Ry Rerrahibin disy
(dR/ R) , n;Fbra fEhabld weesurethénirbf thd ioternicdRieRysisianceda@mends on
Inﬁ%ned%%r}r?slﬁﬁahé@ Ja)ﬁeg\tvhetntﬁﬁ)ré %Q’gt}ﬂ% ln{t%%la’cyéggtarrcg (Jahﬁqu a%le

e resi stance val ue e sensit

itispftercadvaneseheifdheelative difforaapdRvR: SR R:- 13(8 Br mlﬂﬁ%ﬁlg"r ent
HsiQshct RBYeE i Beim Al iteodd Het@&éﬁ@ranﬁqu R Udrser théh S&ekin ?rﬁmmum

a C r nts. be e or .| ar
o ook (B e et o8 e iRk B s o
$easigydy of the wad drcGit uskh &r reading ow rhemystab@ vging RcTimbsbmitivity may
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el ng an 1 nteger | arger
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gﬂleﬁ@romdma@r &gmsem stance value. The read out circuit

b t.o 15 . t
gyt S A N R e L
tahan N teing erqmagertlmga tham brayand thedleticadeties m®| fatihey @mprise a
%eascru%e £fr e%ﬁﬁr%qgeqesrs{t&& Rl Pre rJAa%urc@&rlanné}m%faﬁré Rer

urther resistance l' over

figdpipty hetwear twoyFesistapee Valyeshayips ¢ wlatiysyadsdanendifigyence larger than
JFRHIRT 1o @ mikTRMm aacbuaﬁe/reia{l{e(rbsﬁfehéd\mar&rﬁé QRUR) 1 The rAﬂa k&nmﬁ

S rel.iabl e readout .o di f.ferent _res
G SuBel BB K AR S S o HpRe B BT Bt e
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' Whl ch ma@ peafarsedl 1oyeer i 6 @ay becdetegmipsy baged op the gnifigm

dsfadnte dFAR;-RY[iHBRYE an BEb:Hetntee2 BlaN, (Bfetwtaéiﬂwf) bdjAdaelectrical

B R g e RS by R0 B 4SS B
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materi a tSIn
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robRRnd2 vk i 166knla0MB be hnbddintd Rfiadly. My be det erni ned from

s ¢ha AR ei Sbf By B dErohe) Bl GE st

LAYQLFEREMN g dRIR ol I'vEGre ROR By, id/the mirdatiir gétycitably rélliive resistance

dﬁf%l%ﬂéet elgr[ld gl%';/e t\’bﬁen sgc Athig}:r;ndﬁ)m% J&?c# e g‘%‘é gﬂgq‘lst I on
ceridiion hgs 1o lerrﬂgeé B%rﬁ?lé&:rbsf?ra’h‘t iffergrge hetgeen;thedtwo ﬂaégestmﬁlsrﬁmﬁ
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11 k>0.4 or 9, respectively. For N=4, i.e. for two
bits, 9<k<l 9 may preferably hold in this exanple.

equal to 13. The total resistance
\f’@&ﬁﬂ%og Pha . 8&/%2055(?50923

yer se change material and the furth
resistor then is 2.5, 13.2, 24.0 and 34.7 kOhm for the
four different states in the above exanple. The
length | of the anorphous part i ncreases by a constant
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RAR'Rmn. For e.g. k=11.1, dki (R-R-1)/R 0.3 and
in the e
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WO 2005/ 093839 PCT/ |1 B2005/ 050923 12 the phase change
material and not, like in the known el ectric device,
st contact area. The current densi '
‘%26&3 958 9Ezst i nsi de the phase change materi al Eéﬁ)g?zoosmswzs
therefore the Joule heating is nore effective inside
t he phase change material. This reduces the
i nteractions between the phase change material and
the other materials at the ihterface, i.e. at the

ftﬂerpﬁise Shaa@thAGtal 2id9et, AIRCA Bk khd¥h FR&R A6k IO kR st B6rBRs area.
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whi ch do not significantly change the crystallization
and the electrical breakdown behavior. WO 2005/ 093839

/050923 13 The electric device acc ' 0
\?ﬁﬁé&s@é%ggzt of the invention has the additi ongfﬂjh&%ogm50923
advant age that the breakdown voltage required for
swtching fromthe high resistive anorphous state to
the low resistive crystalline phase is |ower than that
of the known electric devicé3 This is particularly

?dv agt ag e@!tqb%léﬁﬁ‘ig Bevits awgﬁag@&&e%%&{@%i @Jegtg& Ha®thS Waltie bt
e el e r[1C evi ce, eca e e, agvance L.
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i pyen i R val £ age
RARDLEL £ pldenf B4 LoD Uhe delfree HEEBEERILHEL 8
Clestrig deviepitbasauss|the) advange dragsigierp baye smal lendimensiond andeg thergfore
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:Ie&ﬁlii U&ﬁacﬂcfrea@wﬁ\ilﬁb} @B ?é&tﬁ@%ﬂ\rﬁ:@ lEHc@ztG{ng & %@ ir@E}ﬁi/oﬁ’ fesul® gpao nd
ont act ,area, i C or e ec c devj.ce according
TS0 Rt e B PP QeGP B SHUhe ol ARag. ¢ i e
bet ween e elpaiquieeivsacpbrding tethelintdneorca shedllad dnonst opTevasy.
. | a
Hefhodd n i BE e R REIQCARNAL BT BorhedSod RIS Al
raytestal if fegs rerstiyee whiclimipeoviggihe stpltility afthnelenyic devise. In pastigvhnis e

1BRAGE 8t tROinFHAR bhiRbenltife PHRSThARA GhbleMA andVAk 6ohdhdRNE ANER1ed to
evic In, particul ar,

fhe stability of the electric, e. | ] i
a5t o Sifom el Prge BB S e debsechng® o
aspettef tha invemidn hdse reaively dbvo vapormresade Hedo te redutedafe@mount,
L1 a C e material of the
DRARGLS o B BBl B e M R PR DTS D Gt s
spbsiapiinlly pe 6fds- a rel ativel y | ow vapor pressure due to

the redup@firabl, OB mordMiinfelles M bPWBisd @6 addlidd BS! An electric
r.ocessLn%satpgngeratures. Preferably, the phase change

) ] y
FeEPRRSsY hppes material pemprisipg Se apd/op Ga et e afvaiiep tat
thelveysiatieation tempereturlicmateinQy Myic mdptickSare (R atbfhefs phe isAable

o ' i sing..a. ph h j.al
A PO SRR 0 PR S o



10

15

20

25

30

the crystallization tenperature is relatively high and
t heref ore the anorphous phase is stable up to

hi gh tenperatures. The crystalliza
‘{’829&3@\% uér(e and thus the stability of WO 2005%68@%2\?55"050923

PCT/ 1112005/ 050923 14 the anorphous phase increases
Wi th increasing Ge and/or Ga concentration.

Preferably, the phase change material conprises Ge
and/or Ga at concentrations which in total are between
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of Ge, In, Ag, Ga, Zn and Sn. Adding the latter
el ement has the advantage that the phase change
as a relatively high crystallizatio e

@%&ﬁﬁﬁsg, the material may conprise rel ati@gi@&zoﬂﬂoswzs
smal | anmounts, e.g. less than 5 atom c percent, of
ot her el ements such as, WO 2005/ 093839
PCT/ 1B2005/ 050923 15 e.g., As, S, Se, which do not
significantly change the crydfallization and the
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m@ngddwmt&sﬂtﬁlg (13} thélﬁma ﬁﬁl{é@h%ﬁ)r 1@@@&( tHe@hdsh &ansmon from

his ¢ 0 not

B Pl e DHES fuprohy SRR OUD G (s St fgivenion
how thay @’PG@‘WPPIIHE tmyed ard of gheiordet ¢ 1s.dMe nghiaskerpstallzedartitne
taeiahe ﬁtrgl,eﬂﬁan the c%ohrlghﬁmeﬂﬂ&@z@bl§ LRSIk Qﬂleg lra%g} ortebe% at least

stal Il ne_phase fo the anorphous phase I°s
ﬁlb%é'fnsff '@fgefcglﬁ%cmsfa‘&%'ﬁ% tigg Lot TAY bF AUEPR larasr, 2®h@ﬁ6w qr fsger,
suglbsciahs @Mb&rf@lilcb RS/ stallieatioh sﬂe&ﬂ/cﬁbﬂﬁé pme chaf}® - maﬁhﬁ
| 0 r an
ﬁtg ar{%jnpomt tatJ “Fagﬁfl’@ﬁgf@mw/deéfr%"g% ve, 1wp{og 531 eﬁl"ﬂé‘f
@b, wafiad var adbéalék d/6 hewe isisetes6iisar ger . The
crystall 'I?l@gdvﬁ}ﬁag%dgﬁ' thevo opﬁe B]&Fbgch%{l d nQ%eg%f undg H{? Lk #e

ns or | onger, ~ _such as

hapep pas atcbaé%tegﬁ@ éan%?n ¢ @r &/ Wa@é stplgniggen d.
rmt eri al JFor hephag cﬁan@@ﬂ&@&-il bt tRéel@fricl RYiBMARording to the invention
S e o it

is set to 6ns.
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It is advantageous if the volune of the phase change
mat eri al undergoing the phase change has a

jstic dimension d (in nm, 6-alb bei
‘gangp(ﬁ@?%%an d. For the phase change nateri al 9%;/1{3%985/050923
el ectric device according to the invention the
crystallization starts at the interface between the
anor phous phase and the crystall|ne WO 2005/ 093839
PCT/ | B2005/ 050923 16 phase. Hherefore, the

c plyaset Fhdréfarattheamystailiz@ioh §me is\e&8n tkwrhet Jhﬁra&&?s‘h@ QRS Jf‘%he

r s.volu by the .
Ot 18 ARSI LTSk e
BRsrt distance be%@ theroips whiclglis $e daside clysliveemd tﬂmentamcm
\MSHt\Gd’én 8 aﬂhb@hdu@ﬁﬁaset dad %lﬁ@gtﬁiu{e &se %q.ﬁje s‘alﬂ: fltkﬁ smon

we[gglgfr eqn&t hogs phase an 6 Hhe

SPieay ESIRES ¥iliep ﬁﬁ%?etﬁt%?ﬁi; 8bWPefrbe Nnailer thand/N
dwlﬁeﬁeechemtnneqw di stant resistance values may be stored,
6a/ b may thand in nm Wen

t he %gase%}]an éhlggscl i C{d' wafﬂl’ybyb?}mﬁﬁﬁfaé‘%%téﬁq CRBfAcht

t /e @isdirgagion Wé’a apmmﬂsatﬂlbmwmterrayc dogergipp bdikis Bt
beyeat igs Iﬁi}afe et béttdcCarddl pfﬁerﬂg'd A8 1Rl I@&n%ac‘l: a1 azs ?ﬁ&t lar; eﬁ"?ha

Ig: Ong}é e the first contact area provid
§% o %‘f&a ca,Maep thephagchangg qaes 'Pﬁ%ﬂﬁheﬂ@yttrt?épl@mme
Gmfﬂrlak:te awaydromiherrst chtadp rasmd ﬂ:\‘@@@:@l@i dRBEA: a?ea' tﬁ§é1ﬂ1%ct%xhs%c

| {
dﬂﬂé?xglolptf! is M&"i‘é.&th%?%@ Aepest g%lorg 0@%%%dsuslb?ﬂe%m%é?n§g1 lmtsﬁnpévn in

first contact area a
d#arBcteristic dinension d is the length of the

| ar gest ammﬂa@tuﬁ hPRIdbternidg bhe @éohﬁ%gme k Slnﬁnégl%& {i ﬁ}és

show i %f’ gm The | nventors have determ ned.
xarotﬁ ﬁaé ozit ﬁpﬁig # Sipstion of ibe fomppsition fithe plhese glgnge material from
cxpesmentd. Using thoresidte eﬁdesasmalaﬁdﬂmrdln&asu&ineha%oﬁﬁmmtth@n
te from  ex n Usi ng
St o SR8 B £ il 8T 1RSI TRk e £
EBnB PHeido et ompleteabyony daliretardutiertoalirigdemi ofthe hiorplds
bl&ses hQWﬁe E:BQI wid tﬂe ﬂﬁ% gD Rk ﬁ'{ierﬁ@%ngeen Mflepﬁase

prevent co

b5 ot B ot o g e WeABRR P b phase
amgeryhloms extgidaisgond the f&arcralfmea@sme ﬂﬁ@ﬁlﬁuﬁ B@as@ﬁhaﬁ;g

ace ween t he 20
&Egﬁggﬂegngﬁgé Iﬁ]g ?xtz @tgh fﬁgt %é ACL b@ﬁ d?j;&r%l}ent {nﬁ%t en be relaxed to
THh pelng seyailes thap dgtheeslss ommolh thihesemfrstobuas aph adie 2 two times

ehiagafxehtRaydetugiads beyond the first contact area,
t he anor phous F@ase ﬂ?w n approximately tw ce the

size of {hEembpdmentg "aﬂ?"g‘ﬁ dgvice aqgopdinede iherinveptinn thrafjrst
copdigto the s@bmbe@okhicor, tlidadshiobid g 168Bdohakyrd B ﬂl@mgny MehtCardl

théboh se afirst contact area with a fwo
t megc eil"3 F%%rﬁag 3’? %‘ac LY & 8% ?}é‘i? e G ‘é‘l‘jnpr%@ Iaﬁesﬁ“t‘ft“’e
RSB RIGHRsAtand p respretivelsdectip dovide wdreerBlof sicttingliteq ehdh@nemory
cblnbf@@tlh@ﬂddah‘}eac@éshtﬁﬁ wa@lﬁ'?sgb&ﬁ\% sleétlgl? lims g&lthctgé)to (?hu ctor,

Lhe resistor and the l'ayer constitute
Pecﬂ\éerfFe‘”ﬁﬂae"'clehe body conprises an array of nenory

cells, esehandemnicdediad dlay(bg 03R48 bd M¥e-v3lafile S@@c?rtcbl‘}ﬁﬁwntable

| d d
eﬁ&ﬂ&ﬁy re%‘#agﬂ%i? %ﬂgal%r crasal een%éxg)\éﬁ %%H%Se%cl olgt’é?qerj\f”gillec‘qxéagr?ses

aﬁfﬂ?frlw devigs individuelansgiol dementa mijke dopepienity 36tecBEFR edallifg) ic.
| i nes connected to the
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30 respective selection device. Such an electric
devi ce may be used as a non-volatile, electrically
WHhiRRbE F 30 €lectrically readable and electrlcgklrxm‘msm50923
erasabl e menory. Because each nenory cell conprises —a
sel ection device, individual nmenory el enents may be
conveniently selected for reading, i.e. WO 2005/ 093839
PCT/ 1 B2005/ 050923 17 for neasuring the value of the
el ectrical resistance, and fdf witing and erasing,

I f@ meﬁsfafng thé Wbl oN@e @ecﬁrfcﬁﬁéﬁstah&n 2k 5 VR % él{d%l:as Rol ai%efo; 0
11lsdecon el ements of the presSent

i AVents %‘ﬂﬁﬁ?a&e@@faﬁ?%éfﬁcﬁ?"%ﬁﬁl ed to selection

devi ces an"alemnmefl eloibitoof tiel praent infentiowtsy He&lef:ieircﬁlﬂya:oupled to
m%@&% E Lce AL

grax rt et%ﬁ r{é’é“én%dr tglggecﬁﬁ lﬁl&t Bgﬁ?rgg ?rn gpe ta{T eyntl“w-, f%egﬁ?n

i ARvises @F’P‘hij“’wlwﬁte YT wﬁtq hmeaétam\wten thesugt mtrefitingwith

r @bk &ioNBI0RE Jh AdRkdnSor Gﬁcmotehﬁerrﬁw é@Ws of @I‘ﬁr&{%ﬁ bL:ﬁéralltyht‘ﬁe present
ted to e use

PLESRRt e 4 FHERLp Wat S b meer adengris: Bramiesor

s¥leptionidgyiced Elﬁlué@firld-ﬂ'ffebtundﬂswfmﬁebldela'f_]lﬁmﬁdn tiahad&G$, $ho BiSdes such
Eér?(;kﬁ\l\%@{ f}'dél?n 4! %te I\?\"H‘AtQ V@-’%Zb %%ggggp ecf%)g(tl’fec t]ranms%%r]s 1ncluad§ JEET and‘
PEHIFit RN Pl Bl dRfioptaransistr (MOSRET) sueichs kowrefrath, e.g., WO-

QX DEIE90SE Imﬁﬁ]ﬂéild)@ MOSFET RbiddeaiNIOS brads s RRSLEEINHS M%FET)

il SR i s Bl b Tmed i PP oA AVGS o o

Fephndiegiaror e, NMOS and 'PMOS may even be fornmed on the

same chi pukofy, MR ped RERORL Y& é%&ﬁgmtyspfgf‘ég WKIQ‘]?S

of electric deV|ce are as conpact as
’@P‘ffiﬁha? thesmytal disiapse befiveanafiaceniyesistraeis mnmeshpsa diectiedevices

rcempxﬁ;mgrasheuesmg Maletial achlrdInE ﬁ)ftﬁe iﬁbeiﬁﬁ&nr ér@ss%ﬁc\{i &@ufce? h

Corrprl SIn a el ect erl a accordiln e

i nventio nH1 CF Slggcw’gfeﬂt t%‘esseg‘g’(‘iﬁ devife CPpPristi@ l‘é‘ﬁ%%%ﬁ brvie apppce
segiavct drain ragiov enbe gapmpidnsaes te ghmf%a'fcthﬁund@ gorﬁpﬁsem Giest
ré;é]&'tl@d"hne@ MBI s&&:%:ﬂﬁhe@ﬁdangl\/%%;ng irdt Iilpef ﬁg g'lrst

sel ection Iines conprises
M”%%ﬁ’&%g’émw glemert h% elexfrigaily cmrb@rchtg a ﬁm egwnseletmdd

f&omohetspirte kegiffand 3 @rald 1ESdn o2 bhe QWBIQ% m8hy oﬁﬁg Re AR Mor

i.ng.el ectricall nect ed first region

B S DS v s ibeeroF B Bmom alems SeFe 1Ry or
ennecked toihe plégp brecla segondedgioh oﬁbhe clerespondingandal ekide sertit@bgbtor
ﬁéx&@@écn} GL0h mQfaSagh menory

e A P R S P

igfies éfe%%% fipspgeio bejpe ezlwewelbfrop@ggedrﬂg |0n@0frﬂm Mifirsoxi de
sioliadcnel It @it refibebdhe@febificdly borRRedSE SHe of WML selection
gelected fromthe source region and the drain region
and 25 which lies free fromthe first regi on, being
el ect ri cadnthis tyrerfideicetdie tesistoneaydfe codvenidiilf intgtated with the
sphealubeR | ines, the gate region being electrically
connected to one of the M second selection lines. In
this type of device the resistor may be conveniently
integrated with the selection device.

These and other aspects of the electric device according to the invention will

be further elucidated and described with reference to the drawings, in which:
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30 These and ot her aspects of the electric device

according to the invention will be further el ucidated
fbed with reference to the draw ngs,

%?g‘ﬁ%% 2005/ 093839 PCT/ | B2005/ 050923 18 Fi SE}"B%"&S"’S"””

and |1 B schematically depict the nucleation growh

mechani sm and the fast growth nechani sm

respectively, Figs. 2A and 2B show the resistance of a

| ayer of phase change materidf in contact with a

~further reg & el IQ%Cmmatmy a6y afe nm@ant,@ggm dhaLJQrﬁ and

hase for various 5 values of k,
alg%{sré% cr ooe " SBREIGH> of the correspondi ng part of
an el ect riigs. 2eand @B shdwi fige réhs@ndmexﬁalaiyeraifbbm&&m&g‘é ndfrial in
&ﬂﬁ@t@h%ﬁiﬂﬁfé; restlgt@ a?g {%EJtlE:-'nCof 91%\@11 ‘of Fle { Ol‘ph?Ué Bl?arsei fgr various

‘(f‘g g@(t,lc Cross sectlion

i pPheptfross ﬁ@wr'a«gfélre C@freﬂphaism pett afrgeleeteit @vical |
Fig. 5 i Fig@3 hananaﬂcﬁwsmfwsaan&a{bbdl%m%@% Q@ém@&w{aé" nent
of the el ric first stage of the

manuf act lﬁf‘% ng asﬁeﬁ'a“cémfsss S%ftlﬁrf ‘Ef§§a§ atihe E}FP“&Tde’t’lFF‘ecoﬁaliﬁlmg
tb?lal%effpbﬁséﬁh%@rmﬁ%rtaéd electric device of Fig. 5 along

I VI - s'atop vie ar) m f0 1%11%[1
i ne ¥lg 5 tp ?“Jo?%gmggp Wchgxy% d eto?%r lgcgré c%}sxﬁebata

fot her enbodi nen 'ectric device
3t 3er dfhempaiapiiiogact uri ng process, 15 Fi g 8is a

Cross sepigl 8 a oosstsb@ioPdrehe §drt S ﬂi’é’ fabflﬁkéﬁ leeali€8hvice of
%ﬁﬁfo{%{ﬁ q/ef\«nce of Fig. 7, taken along line

FI'g. 9 is a top view of the part of the
ot her e nﬁ!ﬁdﬁ isretop viol of hepelt efthe biherdambdifent af thdeldciclddvice

aﬁiﬁ&ﬁd%ggﬁﬁemgﬁglgégrw&spr ocess, Fig. 10 is a cross
section of the part of the refabrlcated electric '

devi ce af&dis ‘2@0515 SesHenpt §¥‘%@féﬁ of thelpeanfabricated elkdtrivadeegofof

F@.’@tak@nal&lggiﬁe\ﬂﬂ—lﬂmnd 12 are top views of the part of
t he ot helL: f the. electric device at

a
(e ochs P FER b Pt b i cHbSda P v A gevie
a@t@g?g?r oftheyprmotattvidgyprocers, g. 13 is a pI ot of the
crystal I F§ ab is‘ar&répﬁﬁgn A6 1 ggnlt’ Qﬁh‘% %@-f&ncatede eleatng}—%f}cs ga

14B Vi ew an

f°§‘2‘éft?%ﬁa‘%eﬁg‘8’?$ lige &g of Fige®x1 v 25 XI v of Fig. 14A,
respect iRigl y,an®f2 de ﬁﬁﬁi&w‘%g& 8 Q%Iﬂ?gtheedmﬁ%ﬂﬂamenﬁﬂh%hﬁ
. n S emati ca Y. Show
g ngré{"%"eaéggﬁ"é%%ge?“f BT F B O PO BTG RS awevel, |
vaI ues, Fimnip Figlot of iBAnallizZE6M sphedas @ AnpihioPROSETd Miio,

det er m ved. URShEIMEE tg}% \#@%Jsanaﬁ cfdss e&p)%ttﬁkeonnal%g ht r%l\é et

feren

% % g%aatlonfor two
oé‘ 1o L4A, respeptivielygefanmt ¢foansghsr @r_lbod1ment of the electric device,

Figs. 15A and 15B 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 dLifferent materials.

The Figures are not drawn to scale.

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

~ comprising a layer 107 of a phase change rmaterial being changeable between a first phase



10

15

20

25

30

The el ectric device 100 shown schematically in Fig. 3
has a resistor conprising a |layer 107 of a phase
erial being changeabl e between a fi

‘%3%@%%3839 PCT/ | B2005/ 050923 19 with a f F’?@’t‘%@ 0923
el ectrical resistivity and a second phase with a
second electrical resistivity different fromthe
first electrical resistivity. The phase change
material is a fast growth ndferial exanples of mhich
?M@h I% fixsetecirioal Tabtiety knda ié&irr]iQ\MasJ Ren £§|e§‘cﬁi§l Elb&rxﬁ?ﬁéélﬁig

WL RS a,sw.tchi nal generat or

{ﬂ*ei o&qﬁ@fﬁrlﬁ%ﬁgmcai e 1st1vct¥ 'ﬂglgph ag ('&ﬁ]gF HW?I at,f?‘Ft @“H@th

gener ate an e
r@gfﬁ%%l@famﬁﬁyofb@lometg@hwm@emmm Ieast three

di f ferent Bk edid fedke fo@%ﬁltnaaaﬁa @é?& é&ﬁém{?% eg%hﬁga%m@c% 48b

q)rresgondl n ortion of

cFAHg &pleap ?‘5&1%} thﬂévhfqh .ﬂsetreswpaw be@wtﬂ@d batwesn dt least

pﬁlgs diffeientatvpties resibtatch eahswby élﬁhgh% asdoﬁﬁg(lmdﬂg B&ﬁ%ﬁdg 'Ellle 4’289 of
nal I SCUSSe e ow

g} %ﬁage c‘ﬁ% e Sllatgl%tl rom% f%st A % §E°P has?ﬂ%‘a@}ﬂ@%ﬂ{

rence
g%‘f‘l‘é‘?‘%ﬁ Yanalesurraieny 09 mdtoﬁtéqa eleatningl sigpel veill bedistustdpRRiy withO

\¢ to, t
OeRRhaUOF 1g,s]c ‘PSA Q‘qu]cg% ?I;hﬁ ggrﬁg%&&?ﬁ&g A[edogn ? ﬁ@tger%&gpr}? 58 %reod s1gnel

o%?"é"f‘?ﬁ%f Pﬁ‘yldf%eﬁn F’é%frl%&e%f‘rﬁégéal\;arhe &siiop Fymeh &réraemprise a read
refradt foi dgreathining the tesietaB 00GH PR the Sl@dﬁ\lmeddrﬂigEdl g 4 a part

1 of the vice.l 43 i ct

conpris esﬁJt ﬁé3ér+b08’mer§ 06”1“ "bﬁlgs e ? BTy %éheﬁgftgf fi"éﬂce 1662

|dgRjgipd thilfcownla@s@th@ lazen g of phawetcharigamatetih Thé byt £ $HA® change

rnﬁhfdnﬁltceﬁstlﬁfég th8 red39¢of dn@8 p&ior dHehe! 18XLT oféhagg %ﬁt&%gqsnig €
? gy n 15 dlrect contact” wt

r %"' gt "éa‘érf}"ﬁﬁbréﬂs"?r 7 2Hanest ingrraligl th th eesistess iThe forther The

fragistoh@has theadvastag thé tha &gal tdaitad eiRE AGQotaAdihe iliBertr QR 6

t resi tor nd.the further resistor 6
E@%gl? he%ﬁ?gi, 9{1&1] 4 thus sm enou&ﬁ ao etllﬂwg'org?fﬁ measm@\ﬁn {vgen a
Ealatixely farge p@ggyof ﬁlpd@;@ﬂ 9idhe pbase phangramataial it @l e dmogdhyus phase.
yz13 @ﬁa@%@hﬁ&ﬁerﬁxﬁlﬁﬁﬁi ih ﬂﬁﬁ]%rdetZl] {{&ﬁ:ﬁgve e @98, gdZ In

IS 1 n the anorp hous ase I S advant

&he’beéng’ﬁdl&?ﬂ nof shapmthe f\’l‘ﬁ}e‘éreﬁii?rél if omiEiede nabove wit h

r ef er enc &ht parfi, ghovwdd.in Fip @ﬁhs&%@dy@ﬁhlﬁjm@ﬁﬁﬁs@%]‘gubshﬁeﬁo 1,
ISt o te e part

S 004 L b L

Qifprsof the @bittﬁte Wﬁlilecrbﬁl-‘itmgﬁ embnqaipd e dieecigc 13, a.gs ihghexide. The

1@§1$t@'tzs&lonmm§ d 1k A Q?ha%@éﬂmqg%%’té?ih%@m%@'faﬁ%ﬁbh%tw%anngI n

substrate 10 the resi st

“'S P%asa @F’r‘i?"t?mf%’ resistiyjty ands second phass vitfea seqund elegteieal st or
rpssnemffererm fred ta\fird clea@y@l resfst®fty. 2 phase change materi al
bei ng ch a.25 first, phase wth a first
el ectri cgrr(glrg g@*’@ﬂpﬁ fpe&ased’ haneg MaisHY isgirameesiiip pf formula
Shedbrithsisetisfying 06 cF ‘éél 81d Mibeiyg efiefof more B!bméntm]eéthﬁrom the
gkdup 5 G@ |II€ Wg rG4 L, Zrn%ﬁd St Pz‘éfet*a\éfg 4 8930 &r‘@? d| P g%eq lgore

%E I?e rraterla is ac osItion™®
p efa S"W 040 55150% §istryr of q#s@taéms Bise chimge mtbfml-%gs

o0& e didcats & &ha fitak GS erllcﬁk“el if dorfcér@ﬂ@ﬂn@ﬁhwlgﬁlcf&ﬁ aﬁf smbtfer
c satisfiles

: tﬂaﬂ 25 ﬁ‘%mc S%beé)t %id/o'ricom JI'lrSﬁ)I éotaé &?ssptgegfs’gragmc&pement §5@? @lfopGa.

Pbasg_ change nisptapialg confpriging mpredtian 0 wantcageatisf (s Sa elidng 6

SRt eRirloAth SolddRS frofR HEandSn FPLHE er Lhan
and Ga in CONCentrations elﬁ% I%%rﬁcg%&aa?mebeﬁ?‘ﬁg??ﬁdm
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15

than 25 atom c percent and/or conprise in total |ess
than 30 atom c percent of Ge and/or Ga. Phase change

| conprising nore than 20 atom c perc
Vgﬁgﬁd&o%s% %E{r 00%%0923

and one or nore elenents selected fro n-an

Sri in concentrations which in total are between 5 and
20 WD 2005/ 093839 PCT/ 1 B2005/ 050923 20 atom c percent
have a relatively high crystallization speed and at
the same tinme a relatively HOgh stability of the
asromip perot piva s eslatifdehih@eaICRRN GRARIIS! thddahe iREL {%&8%:13/
c&glgg%;-le of f%urgu a Sbi_ Mwith ¢ satisfying 0.05:5
P L R Tl e hg ‘Gfie or nore el ements sel ected
fromthe gfheahpsotha@e matefald, heingNggonBasitioh @f foril 88 M3with ¢
hawgyisg v.63<Ad<0l A i Ln Table 1

Al ey PR A e M 0 12 e e

ich are typically 50-100 an
%n%%ﬁgtfeoﬁéE’H@ﬁfhat’f’r@’s@@?@iﬂsm%tuteﬁ,ehqwnriml"able 1, which are
Agtledlly 50:a00°a digAdtiag @bseQf e RS siEH: Gbdr Fe SRl ﬁé%aé-n& he
crystalli é%t.l.on t?e}&%er ture is relatively hig and
that the &\&HPnaadvaiqesspl thegsmatarials ate ghet the ¢rysinlizafionse i s
Serbretagun is adldtiyely higle preinide it sieét réshindeRN S ERtMIR 5&&5 is

t - it U .. 10 ound TT eposi ted
5&%%%@33)ﬁ%&%ﬂﬁé@?ﬁ%p%ﬁuﬁ%%{%%weﬁ“ﬁ"° ‘ff’ﬁi}st al l'i ne
| ayer) (0C) GaloSh9o 210 165 ali Sh83 233 210

GaaPahd0 251 fel2Bhi 1 50, 208.
Ge2g8b78 271 gja Ge%g%%%’l‘ggﬁ(a 5?132%%6% ”‘2’66?‘?34
Ga2ol n15Sh65 215 190 Gel5Sn20Sb65 Psinebyaafe 1:
GaySthal | | zatimn tenperature TOr varjggus COnMpositions

e phase ange material. The phase change
%faaFéedr?‘? al s, bezlggg a conposition of fzgpnul a Sbl_Mwith c
8308t i sfyi n@50. 05< ¢<0. 61, and M being one or nore
gbesmnt s seljegted fromthe group of . Ge, In, Ag, Ga,
ge, Zn and S$n, have a sheet resistance R which changes
5% | east [(W® orders of magnit udes upon
Oexfbtaal | i zat{i2en. WO 2005/ 093839 PChid B2005/ 050923 21

Ge:)dpGOMPOS tilgp

Geslnmegs 200 134
: GazoIntssbﬁs 215 190
Gey58n308bes 212 180

Table 1: Crystallization temperature for various compositions of the phase change material.

The phase change materials, being a composition of formula Sby..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, have a sheet resistance R which changes by at least two orders of

magnitude upon crystallization.
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0.15 Ge Sb85Gel5 0.15 In Sb551n15 0.15 Ga Sh85Gal s
0.12 Ge Sb88Gel2 0.22 Ge Sb78Ge22 0.15 In, Ga

| S
TRAAREE
Sbsol n20 0. 35 Ge, Sn Sh65Cej 5Sn, 0
Sb45Ge25Sn30 0.3 Ge Sb70Ge30

G, Sn SbsoGa2sSn2s 2
I n Sh6sGe20l nlozn5 0. 35 “Ag,

Ge,

Sh6sCGe20l n1oAg5 0.35 In,

0.08 Ge Sbhy2Ge8 0.1 Ga SbgoGato
0G5 0.15 In, Ga Sbgsln7.5&7s

8(33}'1%;)05/050923
. n

0.55 GCe, Sn
0.3 Ga Sh70Ga30 0.5
Ge Sb511 n20Ge29 0.35 Zn,
G, In
Ge, Sn Sb65Ge20Snj ol n5 Tabl e

0.5 In,

2:. Exa es of t e change material, being a
pﬁmanﬂ‘on of f%?nﬁﬁﬂqgig%bi .OM) wth c satisfying
0045< L. 61, diflss@ibei ng one or nore el enents
sghect ednfrom t hepgiQup S of Ge, In, Ag, G, Zn and
Sg In enbodijnent the phase change nmaterial is a
c '}r%osit %n of fi§PHta ShaTebX oo-(atb) with a, b and
[0.0D- (4#B) denot ishgsat om c percentages satisfying 1:5
a?.pz <8 | and 45 J.gg-éea+b)5 22, and X being one or nore
el'enent|s sel ected from Ge, In, Ag, Ga and 10 Zn. The
phbse qhafge maf SbslakGarmy be, e.g., SbnTe20Ge8. WO
26065/ 093839 PCT g@g@egS/ 050923 22 Sh/Te Ge In Ag TGa
opposi tfion 3.6[8 b72Te20Ges 1.7 15 b54Te31Gel5 1.5
15 h517E34Ge15 | P90 ps7Te33Geto 3.6 8 b72Te20Ags
0.15 In,Ge SbagsIngyGes

0.15 In,Ga Sbeslng sGass

0.2 In Shgplngg

0.35 Ge,Sn SbesGesSnag

0.55 GE,SH Sb45082581139

0.3 Ge Sb70G330

0.3 Ga Sb?oG‘a:m

0.5 Ga, Sn SbsoGazssnzs

0.5 II], Ge SbsllnzoGegg

0.35 Zﬂ, Ge, In SbssGEzoIllwzns

0.35 Ag, Ge, In SbssGezolnpAgs

0.35 In, Ge, Sn SbgsGesgSnyelns

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

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

SbaTevX00-@aw) 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, €.g., Sby; TexGes.
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3.6 b72Te20Gas 5.1b"Tel SGas 3.6 8 b22Te2o0lns 4 5
b76Tel9In5 4 10 Sb72Telslnlo 3.6 6 2 Sh72Te20Ge6Zn2

O BEaS i 3.5 1 4 So7aTeooCelcad 3. 5rgTAnshsns

Sb73Te22Ge2Ga3 6.7 8 SbsoTel 2Ges 8 10 SbsoTel 0Cel o
4.5 11 Sb23Tel6Cell Tabl e 3: Exanples of the phase
change nmaterial, being a conposition of fornmula
SbaTebXl 0o- (a+b) with a, b #&Ad 100- (a+b) denoti ng
atom c percentages satisfying IS a/b 5 8 and 45100- 5

(3§93 5 182, angd X bej,ng ong or re elements, sel ected

fromGd,_ 1n &‘o. Ga/*&nd Zﬁ?’ GezTF an, AGOARFYCR denote

the atdfi c percent age ofa’\hese I emrentss»ToRRpg1 Sed 1 n
I

thg phdse change terial, and Sb/Te Sge ot s t he
rﬁ%i o gf_ the |atoni ¢/ percentage pf Sb BAY TEThe phase
chiange terilal may be deposited by spbuTerGeng as
descrigw in the 10 artigle "Phase-ch Qﬁﬁeg@%i a for
hj gh-nunerical -aperjture gnd bl ue-wavel ength recording”
b H J. Borg et al{., Jaganese |Journ St e0f48p| i ed
Fi?%/si c$, volunme 40, pageg 1592-18597, 280.1Te,Hag body 2
faaurthey has a further registor arr i.n parallel
wih the registor. In the enbcgi rrentg%?ldel’—‘l(}ﬁ‘? 4 the
rési stor andithe further |resistlor 6 ablp-dienlra fir st
dontact area|b and|a secqgnd contact ageared WO
2005/ 0D3839 IR T/ 1 B2005/ 090923 123 The further resistor
6 is cphnposed of a|material witlh a mgPt#Tghwoi nt
Rifgher|6 than|that ¢f the®hase|changdssmesGeah, The
Bwl ting poinfy; of the material of the|further resistor
is preferahly at|least|100 degrees %bé{[tse‘?"ﬁg‘,mznore
gi’sefer bly af’ i eas{ 250 flegrees Cel §fudes@eaer than
Bhat of the phase :hange_rm.terlgal. Prg,gzq{%g@m{u t he
gaterial does not react p with|the phase change
materilal . Preferably, the resigtivityoeie$aSmat eri al
& the2further rebsistor{is inf3the r Fefie,0s;1 t0 10
em nV/[A. When t he phase change rmteris%l TLS sel ect ed
rom tlne class of [Shi~K With c|satistylPAg U 05< c<
.61, d Mlbei ng jone ori nore el enentSseTgebeact ed from
4he ggblup off Ge, In, Ag,| Ga, Te, Zn
change mater'ial hds a

Table 3: Examples of the phase change material, being a composition of formula $byTesX 100
(+v) With 2, b and 100—(a+b) denoting atomic percentages satisfying 1< a/b <8 and 4< 100~
(a+bh)<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 desecried 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,
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resistivity of approximately 0.2 to 0.8 cm nmv/ A and
the resistivity of the material of the 10 further

vgﬁagé%g%ﬁs preferably between 0.1 and 4 cm éf)méoﬂsgosoms

iment the material of the further resi
of a conposition Xnmo-(c+s)SisYt, where t ands denote
at om c percentages satisfying t<0.7 and s+t>0.3, and X
conprises one or nore elenents selected fromTi and
Ta, and Y conprises one or #dre elenents sel ected

from C ang, %ﬂhﬁrrssfs@o; Rl émgoxed' &ﬁ&d&ﬁ&ﬁﬁ&ita%lgh%ﬁgggrg%igaérom

Ti because Ta Is |ess eactive wt

Brtheto! fha ploss chpnee mgisriati The meliipgpaiiofthe materjal oyfhg fusher t han
&Elstem.&abrefcﬁb@ atflgast ﬂ)ﬁ Q@&ﬁcaiuﬁeﬁﬂﬂe§ﬁf&%® £ RRg Mdbgi‘éefs y

al | a
s ReP g I B il AT e vl e e
ph‘a@e Plgbreahgge matedali RdferatdyyirirsbgviGief theimeterig obthe Betherand
é&lst@'r 1§1n rﬂﬁ:‘#&h%@ gf B0 & hﬁmﬁ? el] @fe p%%@ &;a?éeetga%ﬁgi i%éeféctgd £

i s further anta eous ecause

?%fhﬁﬁlﬁ-‘éﬁ %hwl‘éf Wlfhfesaif ltglﬁ)é’rs“leéﬁﬁbta@@ {8 P1oyPr ars elgments
mbtya:ﬁgmma broipler (ROISAE, Gal el Bn MAISEihd haselcdiibd mAGHI Y a

L | ! t
e o MR MR S
ﬁiﬁ@rphlasrssmh%mglebMQIOHahMEnMes of this class of

mat eri al ppf, eHBGdnanﬁHa ﬁ{ateﬁ@f @%%4{'%& r&i ﬁ-@éio% com\gneﬁ:tlon he

Ta20Si 40Nd4o, Ti S t er nat
KrpprenSis X WSS tands F““E?Ptﬁ ﬁfemrpé@?r%qgﬁsa%ynaiéo ¢ @Wé@@a apd X

c'Etnbl;lseér @BioPmord aldbhents WRQEETof Bidhdl B4, a@BY Q@n%ﬁ?ééng or mokA N,

U (e

reffctiveewity. the gh@n clsngamakirisl thanchieeferbiy Siimalidritiah ot Qual to 0 7,
b%éa%&toﬁﬂeﬁ@éeltﬁ/e &%@tﬁ@% Eftnd &xa?lg%eafitér 1§Lrelaﬁ A twﬁh?% %s a

and a second cond t ani Um itri
fﬁm"elﬁ large Ratafel P?ﬁtf‘éa‘i"hey ﬂl’?é’h‘ﬁé eltaaey maeriehompeEs He miveg A6k

aAd SiardYedubdil wmgk mmgaief B Ietyiﬁl % Or7E AR feritef %%J@@ouﬁif‘?ﬁ
{ alr ea an I ont t, are , e
FRMFN BRGR P oSl e AR ST iR o Bl e £ byl
sweshpy Wiseh iastailized bithe giogembtars, V.elthe rpbogtstaliestradneels 30
cﬁa‘ﬂ@éﬂlLi&’é leakibefy sl wh&r lgatl gttﬂé%%te gﬁ}m% é{é}laf‘ Eg rrgw[eg Pf

shcgas to i'ncrease th trical uctiv
i ey fteriglth s dertp rsiion arEtTﬁ%NsE@@Hd\%a?ﬁm e BmSCarThe
Afltbm&tvelgz ahctigrial of3hedfBiher khﬁor&@ﬁj@ﬂ Qoni‘[!aﬂﬂléﬂ‘i@f TaBiTERg,

BIRNERIR Sb, TE eGP B ep bt

t h e s e c o"Fhsl bedyrtfirdhen somprises b éirst emiwtonB ofag., tabthlem fdisilicher
('f agﬁj @ﬁl&r is Qectr}égi)z&gt@ctg&%%%rf Cdid B0 /mgﬁaosgc%ﬁd coﬁé{} Lcl)r 4 of

mbodi nent hown I n cross sectlonln
“13%191@ Pm‘?de (EIN&M%MCHWMGH@&FWQ Fhe§en0ﬂfa@@taafarea 9dent act
vitaha relzaweiy Rl 6l FonCthel st cdii@t S0A8 @ﬁtthefk@&oﬁd Eﬂiiéctréﬂe‘d 6, the first

I i cal t.h di t bet d
oS Rl o ST bt P o o A
cqpiietivtycherig e.gringstéradluminym becodmn,as intieghe iy el@tidat eri ng
c(ﬁ§uc€1@%cd'f bR itk i:cfﬁdfwlib‘? 3 h&le ng 1 ERG o2, ﬂﬂaﬁfﬂ% Corldh:3 &nao r

g nuneri ca aperture an [ ue-wave % recor
thb Vcwdfondsﬁ?rg* haye cogtact padsy 4 b anfcl@erespaerivalay wiigh aligyy for ed
cobiiGheCaScourrt® s 49 firsPRE@ R0l P e sbRd conddk 4, (R Rigsald V.

F change materi al has a | ayer thi ckness LT of
thgﬁﬁger%% f?’ The further resistor 6 is
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arranged at the inner surface of the contact hole
after the contact hole has been provided with the

ge material. Preferably, the nmateri
‘?Hﬁﬁfe? ?gsn stor 6 has a layer thickness 10 Nﬁ.&y?ﬁzgoi/(gogzs
15 not In the enbodi mrent shown in Fig. 4 the further
resistor 6 and the layer 7 constituting the resistor
are in direct contact. In one enbodi nent the contact
hol e has a di ameter d of 40 r#¥m and a height h of 50

r im the |ayerembbdipdbgews b@?@?se%% F1§|4 thSlaf f’? is arrangecilat
TeZ20 yer th| ckness

PBRR, bR o R PR B PR R aF o hebsrpRryeiagindrical
ﬂm\m@neémd betereeng5 hah 260 nih Bnd Hlietphtielsswd 290dnd 500WH. The

| bhals@chﬁ[g@ %ﬁﬂ:ﬁﬁ nlal %é 8800l %gﬂ%&@l?glt’]as E(%cr?l;feg%’nt Eearz)‘tllc?et %gas

fur t r eSI
C B o o a5 Pl Peestf TP A DR o
| d., Tdpeneger p@rhalot A piftied miygesevcm@ doNpabha sm@ ROMSPRRABE the

t C t I st ance
L e et Ty Bt b o Mo Tl ety Schm
%’sab&eéﬁ t r sufaee of ghe icontactiiRfer #ftBROthe ¢oatad hble hasi b, prdvivRd with
f ¢ pragrchgleg &Et%hé? qirefér&%} t?h;: ﬂ'ﬁ&ﬁal B fuﬂRJr rés{;t%f %He{‘stﬁga%r thickness

e‘ﬁi ,{S#Of i's smal e naxi
et1iodarmy ‘Qéffemmeﬂwhom i H!ay*éhe fthepiesisier Gohdithg layer 7
ratstinitiog the elistof 4 ihldidct @h@@t ri cal resistance Rfr is

| arger th m of the el ectrical
resi st ancgpélg %R')dn?ms%e 008?“5%5% arapriged offdmayandp height b
VWP Fmiithe lesgriefl phase cange matenialin oftchmposiioh Gehsmsmzo ahchl@ts a layer
gﬁaﬂi&k LirGak nﬂltﬂ@fﬂﬁhe?%st&f 6 it B&hfﬁﬁtr 2 lgman Gs 2 Bf125€
%}J{ﬁ‘»élg%l‘fﬁa %rlal and the further resis th
g YR Yisagpnepdingge %wa@gt.hpheeﬁdep@sdmwmmﬂ
Tévistof 6 hasheurthet ea@trfchl@é%istaﬁcﬁ%f‘ SlpPR Gty Y& 1409 Ohm. In the crystalline
smal ler than 0.3 tines

i 160
PRARE QUSRS O SRR | i e et o ARt e
SeTHA Pha and pimeraihan 108 DB appectivéln Tharatib keR/Ratik Y& Thus, the

amﬂ@@lemﬁed e RY ' terial
e rﬁfﬁ’gﬁ%"’s?ﬁ?ﬁg s Q200 PAARRE IR Ayl B0
f

iRt it 9Tohase ehppasarptarial le@uqtmn@wtrggmcsa@ecea&
B@argdn thae QA timed théve ninual e e REEeH ARk thice bPBe laR 8F phise! cﬁange
RGOYd; %@Lﬁq [h,g[t)%ﬁcher eof. I n anot her enbodi nent, not

shown urthef resistor 6 is separated fromthe
resi stor Iqalﬁ’&heaﬁmbwimbmhmmrmal dipesionhifdia cm&t hole the

ﬂﬁﬁﬂ:ﬁéﬁg@ma@rlﬂ end tBd #uhlﬁpﬁsxgb%éjﬁe sa;{g%uﬂ i lgﬁegﬁ dp at ﬁmipgﬁ;ﬂon

#’ﬁé ng%ﬁg an insul ator or an ectric cond

g gy electrical tetistangs, thendp arpeoximmatily kﬁoé'ﬂ@raa'tbthys smaller

tpmﬁ»?emnes miexhitighumfof thd BrsPletRaIGEANAE: MBUR kdcthd Michiait N
% of the further resistor. WO 2005/ 093839

PCT/ | 82005/ 050923 25 Preferably, the thickness of the

i nt er medimanelttngtee entodiseed the ieyeoligfphase chagemnerial and the

tﬁxﬁlﬂﬂﬂeﬁnét&@?’h}e mieﬂ:fainﬁ&f‘peethg %r&&%s’fkﬁﬁ% é;g i e]:j ItoC 81%:\{ sudtace of

E heati ng | hduci ng. i ransi
cg?t%‘it Pif gnd SP‘FFéq”F’FﬂY dherlayss? isproy ﬁled onrierethereaf] Iataeatﬂeay er,

embaliménh @orkhewg ﬂﬁ&‘urﬁ@ﬁrﬁﬁﬁﬁ g idep afraHJdtﬁ;b%f th% 1re§§b13¢]b m 6 and
ess t.nan era t

n%t%ﬁ aﬁéé fé er Iwéucé &a%éog}?mfe %{ﬁ ds:f%opl FHOX[ -]Fh%mfem;e@}amisrdp@ be

ap fpgdgtonpagn @@trmnptygsdTh}!f intgrirRdiate Udyéri ntlg refued ﬁlﬁ, preferably,

pheAHEm XA F 8 BRSOl hlafo ] wifd ol o) eI E o

enbodi nent t er resi stor



I n anot her enbodi nent of the electric device 100,
shown in Figs. 5-12 at various stages of the
ing process, |ayer 107 of the phase
\&Q?E{%ﬁ%{aéﬂ constitutes a conductive path bet megﬁlfgﬁﬁ)ﬁsmswzs
first contact area and a second contact area, a cross
10 section of the conductive path being smaller than
the first contact area and the second contact area.
The resistor conprising the |¥yer 107 of phase change
Wﬁ’fr&‘érblfl} tHe@MShish Uﬁtﬁeﬂn@meﬁﬁ@%% 1?4:1%%5% 16 Qv e g fﬁlﬁgant
102 conpr.i ses .a sem conductor su %tra
dﬁé‘ﬁ“‘:ﬁﬁ&}t gilgency.ofghe Joule beating indugipg the ahaswwb@d
s iPrafgaity, the thidoessl ofthaintervitia Jayéick. A8 dithricd Yet@Een MR TR 15

o ERER TRIPERL T O4 e R TP
t He sivperdiatedayer @demommseﬁl 0@ ginc WP qiae (ZnSe@,) arel/odsilidone

1@fridaats afothed ¥BocRinfcAdthe Mier fellGod 1V ERkELN IS not limited
to an arr of this size nor to an array of this

shape. Th Ry elppdimept of fe pleettindsvics K, showp indigss 512 at
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s edrious stages df] nmmmnng aﬂ:c@u Chert1 0BG tRAhRe ARAES HatGRl |
n%tﬂgtle }‘f&ﬁ:llc ok p%g %&&%e f?st con? g[tage% a{ng S?eﬁoéltd Iﬁ%’j&act area, a cross

ectlon I nes conne
r S‘éfﬁfé‘éﬁ fhe éc’lsleqtlé@:patlbwlﬁemlbethmta firkirpotthg amaipddiensiobd contact
sieawn in Figs. 5-12 the selection device 171 conprises
a nmetal i de, sem cqonductor field effect transistor
( MOSFET), Q@ﬁ EPSIFBT omeriing the Tt 147 of phasegbmise matgrialicensites a
TinemdviDSEdnt INZS and-tithhpéyd103 @btﬁ[ﬁﬁesraeghﬁé}ﬂucl&%ubsﬂat@l 0 S%hich may

174. Th
il 28, BV 803,90 ARyl e

N5t ¢3¢ mepaR celheompusing aomspeftiviymelope dement €70 aall 2 resgntbley  a

- | deBtioh ek 10 SR Rn ARG AN FRE.S-— {ﬁﬁé/élé%m 0%9&31‘30 ek a

%o tion.  The n-doped source regiaon raln
SRR 1 AR AP iy Aot e nplg Py FHHBIs Shape.
g’.@ue bodyelgR Gmser bdmpristsor gma df @eion lihdia 26 hanaeh thﬁt%@dh%mory cell

qpﬂﬁﬁrf&bal]% Iagcgis bi%WlaQtBe res %tlri/e? %‘ie{:ﬁ;ﬁpgﬂashﬁﬁ Hg?gqrﬁlgefﬂ,?rg |?0 e

rf%’*@?ftt)‘ﬁese#%’ﬂdg‘a‘teé'?iegl on 174 preferably conprises a
| ayer of  pohy&resstRhtlshdd&: :§F1E§ @91'1 ‘the s@]@ctﬂﬂhﬁqc@qgf c%&g&sl:éa

el Ssg‘gmfgky rff[ﬁﬁglt e channel region
i %’S?Gr psyipr fieidotfect frpngisigy (ESFETY, Posh e pregi f@ﬁman 121
@@@? fraeistoNEBe MIDBERT imeh-doell sotrde rdg@as 120n- d@eaidrmi %glons 173,

r esi st o%ql&lf 8%{ lrﬁensomcﬂl% 21]]2 an%Qllg ﬁ%%feglgﬁsul?? PF% 3qn}p§?‘se more
¥R ARgrodion of 3-daped m@tg'iab ﬁ"ﬂB@Y elightly ddpednrpottion md ano heavily

d6@t @R parifah. ’ch-ddH&d s_lg_ﬁl?éo@%lﬁﬁe ?]g 'a@&%ggﬂngéegl&h% are seﬁzgated bya

corr ondl{hﬁ
R REOR. I B e om S o aeseor chemshsEpb5egshe frs: of
cwrepidepothelsonge MoBEFR 18 éle Gﬁﬁrﬁdglérf THrfigh ﬂ{é ldﬁafx‘aﬁ‘e! Fe@ﬁh %e

RO Rt o PPt o imnlds Sfboraemes e 1 s
NP‘FP‘F%ﬁO%E‘PGWP@ négion hlesgateltzﬂacmfhweg ate region 174 is

el ectri Cafﬂe%n@@ﬂl@l@&%@ﬁneg @200&@ cQ&glngseNM £6GARH, lme's__l20

%fg_tlonllnes 121 shown |
al @nd felectionlingy '3t ap%aw&m&leﬁr% resistgr B of yaph weiohe
GensmtaertticeiBtoncts 3 fitstregiok s’%le&ed £h 08 scﬂu?o% reglidﬁ 180 BHINR drain

l%&plp fjfBrB‘?ﬁl% t:orpegponé SF}E”P the ouﬁ’:u’c line QA second region of the
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the drain region 173 and the second region is the

source region 172. The selection lines 120, 121 are
WwBNhEGhsdet 0 i ne sel ection devices and row S%'C‘gﬁfsﬁo(agfoswzs
devi ces, respectlvely These latter selection device

are not shown. The gate region 174 and the drain

region 173 are provided with |ayers of 10 tungsten
silicide and tungsten plugs 122 for electrically
connecting the gate region 172 and the drain region

17@&9@1}@ mdmtsa&&d %ﬁm SJ,%;.le I@Q@h 53 gnd ﬁ@%&ﬁ ?Jghaﬁ%é/m

g l ection_lines 120 are forne
HB%ee fre thabiraregn. is aieﬂm&gy coenisted tong, A theAhliest Seéeéfgpaémes
THeo.Stel gal@reg;bzegmﬁﬂ’blébﬂizally&orﬂfe&w 16 66k oftte M Secdndi@éctiof lines 121.

t |de st en as wel | n
lrigglétglggoo en{ %o n m Salz ttﬂ% 5t é?géo&xsrt}‘f%soalg%feglgn H%fmd 8‘13

f ispoond egjen Iathedgprrnﬁg@ﬁ Béh enttieomntddivienomt $iddn,dredirsthegion is

0 keClra reén@zll £BthPRe bk ?eg?o%Qs thél%gxrc:@fe ioh F s ctfdn 11?185 120,

u3|£% standard, |C technol og X ern1na eac
s&FEEE PYRectd (R ing selestion deyicgsiaa @Hﬁ@)‘&ﬁ“ﬁ%?ﬁm@ﬁ, remegsvelysmze
tmﬁmsmmmmemmagsmamiaﬁwnjs provi ded MAth an electrlca
conduct or

sel ecti on t% %gh?;} i% ai"ﬁ ﬂgggﬁmerg??rg%g I‘”ier’i’ &y %Ii;%‘th ]fﬂs %nd
t Fegdinsdicidp erall tungsjercithess 22 fopelectrizally canrtectbiglthe gata sagioatl ®and
f R maﬁﬂﬁélorpiﬁ @Jthpééiectﬁﬂ(im%@? deedo 'r&pecﬂve‘fy h@s@{?&ioﬁ hﬁes 120

mat er.i al 20 silicon dioxid suc
e AU pre éqnne%fﬁ%e f%?u‘“vﬁ!‘?@é}“’émb%%e%g ékmgm cppperhpsource
Sregiod 182 is plovigéderitiallyyer dfiv@esen d1RGe ajmr’fﬁfgktgﬂ R dsRe.

d el t 1
chor cal  MEEReREEG R i I b S RE 0SBy ot
s fRdrstion devieps B7 band ﬂmarlﬂ afselection llaessmb&mcgaefonneslt @ u$ityg standard
SI k@mblogyS ORE 1@1‘1‘&1&@&’ e)%htsae@loh BNRE 1708, enﬁso&ﬂn@x}xt%@% lgé €.12

terial such. as, g licon nifride or silicon
c WP FUEFE reglon LR e H“%ﬁé WE‘@@ dyskisal sepslucterd 24 5ush sspe.g.ot fpagien
bylugmammeaion devig. 171 |thetsh@@'bﬂplﬁb¥ 1205 Ul fnd tha bledthi@! conductor 124 -

d t
LR AT 1 3, RSB A
esthires éﬂ@xraes sugh gakth¢ glectricgl coBluctoSRd dsegpneeit 4s yhowinlieFigay end 6.
1818reRANY, thd\@iriste %Sﬁlﬂ} Qg #d8x Jggedme@tntza@wnh&% @sh i€ gﬁ%ﬁerd I

devi ce 100 tq obt ai ned are_provid
199miget msphoaiga é’ﬂ’é?ﬁ’@%(%)é? ahfainiig a§ﬁmaqdrvlam §rfacs. * The
phase chamgesubseehi sblp tlilByarie@iPirdvided Mt a Bfvertibeof Afdlectric

C terl als .o YESlSt
AP B REe SRIGCABL SRR it M MeTiheP o bERIRE R of
Thraned Ry eRave ok e.£-Tlithyferaphy eych tinoeis elvvlmce!rcon@cmsp%mdlpgns of the
sﬁé&tr;amzs :Eﬂ‘a%&ﬁ &apé arecaﬂmrc%u&afs @3 Vareekpbhdd asd,-ﬁ& 1H1F e

']Eﬁa m ni mal cross SeCtI on ase
e .‘%ﬂ 10§ g 5 qpenings l%tgcpfer%'wa%@fleﬁ% d@ﬁ‘?"olof’ Fas
Ioagﬂmad &0 Frosidddayiava }aywl 0Gfof ﬁxasecmghgs inbteiGnl BBIhEW RIFiS Y. cfme

3}%%;@: maIéer o })’ coi} gnse P&S‘%‘I glfeg'%% go tp&gg #1&{1 aterlag of whzch

a¢sistor f/ pﬁfaq: el@qtmdigmmlrdeaczmcbahdvenh@n;pased The tﬁmuess LT of layer
3@@5\/119;8 Wsaﬁ’g fséﬁigoé?éé ﬁ%l?bxm%?e (_?J ﬁ%ﬁ{ dét%gnlépﬁxg LR Ji9

t he phase ¢ hange. I'n anot

[ty imahagoss secti it e aess fh%naea%ﬁéﬁ"alﬁow H‘édeﬁfiﬂb%@bw Onto the

e 19V @ laydQ60 RycoRRictve iRelal sad ab,%.d Q‘Nﬁh}b&Chepcﬁit&iV\Lé%nt Mo
e t,0
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5 Fig. 7 are forned by, e.g., lithography or electron
beam witing. Masks 111 each cover parts of |ayer 107
esent, layer 110 which cover the re
ng?P?éﬁ%onductors 124. Masks 112 cover othze‘fﬁﬁﬁ%‘gmm23
of layer 107 and, if present, layer 110, onto mhlch
further electrical conductors 125 w |l be forned
| ater on. For every nenory elenment, masks 111 and 112
are separated by a distance LZ7 which is typically

Mo‘?’ deeféoﬂih %%ba@g S-Taﬁg alg la%[ ftlg?grxﬁpﬁﬂxeih?ncﬁ &f@ﬁ’qiﬁg gl gqsm

i thog rag I's used ormthe mask 1 |
t i?é"tf?éslk layqrd 10 thp Gurtheriresister iﬁ5dlila§tba fretaed, as ixdesgribpdshelny With
apgTEence atigly, equal to the m ni num di mensi on

hi bl e_b lith hy. Th ,
ot aneo. LORHSENT prot Peftat Biblar 1 ouFragis iirent [ Bt
t &ig hehademad phag.clithogepi drielorirop dtaneeritinghidasks Y13 teaghhenseparts
arafil %é? QoBAS qmesamgfeé hﬁh&m@w ﬁ@&gpeaxv@%gﬁmop@ﬁhm%

h of th has % teria ave a
113 0%'@&*1?65% aEiRTeR F7tapd i prasent. deyptt 1 B.ontg wiish frther o
e Ielecthcfal EoabucPNTRY GliI0BeSorkdd latefl6n. Whd ebverd @1e616S 6%einb@ nasks 111 and

oL R R AP S R I e
pRasd 200 amg¥Whandittegiapily.is Ustd tp fesdirptmask hid apdiht s1agkf112,aheer
116hineh sSQNE tqgi?réfxmsﬁ? ox%r&alelyaga,qaz 4011%3 R oSnund &mga&%q by

|sotrop|c sel ective usli ng .0. an et
c BRSNS bygaiditithegraphy g Fltoﬂevdbf‘adlﬁ@ee L ﬂ@ stllet e eleckicabpower
t R:Qulﬁii CiRGfe @faha@fﬂd&ﬂ&ltﬁdﬁaleﬁﬂhé 116t pBAs8 Ghd these €AY bisaSe. TRO

t ha ue to.the ropi c
oThieR e Bieaien OB E ot ez e G Mg b R e,
t $vetiquameler gian the agntact 4@at m@ele@mmoecuzcbys 16 skwillbi Geseuiterd
1ddovitFifie ﬁﬂéescﬂﬁrfgg Hﬁaféﬁzh bl ke Cﬁd%?‘dsg]&ctlo% 1&21%11&1 to as the

reactive ion n£r|3|ng a resu
sWH%WH?ﬂw§B§€@F§g ed of the phase change materia

are for rredfpres%mdme pdme oﬂé&%ﬂllm%t cl;@s%edgig a8 1PO&dt1 Die NOL

COV an ] a .

Rt by MR Rb w4 e st b e fespikotpnge

| @i hay staiz® 71 theprogser ol mamifichurisg the conricaleticat08 és sbomein . HNote

r&ﬁéiauelto'thelis cékc:ﬁ,rgtﬁrﬂfﬁﬂde&%%&%}s é’éé? %%}{@{i %ﬂ? }§£§§l§f
SecC an t 1 IS

he cross lon 1s snalfer

c‘@fﬁf é@tHOh?Oéaeda%mtShSel 1§ adglig are amoafefwaélw gighed sing. o 4 reactive
lmBﬁTﬁE}ycogi?hﬁmt ?Mﬁsﬂtfﬁielsfhlﬂ@am domﬁtgéc!:ﬁfﬂ& ﬁh@e BRgdiiaterial
a [ r.e el ect C onn cte 0 tho { .
P Pl B cheres FOsilos bortRN R S Ra bR ik B R P T
dmplkiss @ dedpstiominsdeess ettionafi d cdnii®tigOpathuin thedryeri@7 bereden iy first
SLIoﬁtht m%§ ccﬁrgxgﬁ\@y fn&ktl E'ﬁanﬁ 9&: ncﬁc%ﬁt‘éét 91%6 Q(IVBIF 4 g' me;'sg 1 gﬂj %hev\}'oss

ema | spacers or med a er have a w
tsﬁ"é‘P“ is$malips them e izt swyfa@wa Pndttbe seprad eqitactarRasEor paph gemory
|eByiRht 170 the skitwalpipats fyaiedl 6y lajdd @07 ERé élec&léﬁlfyﬂ:@ﬁlebt&ﬁto Fose

TP orRb 8 0g g, e A et N OE Bty pi Bt ga

© dnrisrthe oghing siep cAn shgwisin @ cfosy seftion of Fig 14 thesideheallaspicers formed

PR &ﬁgﬂg&gg gag;g g%{ag%%9@31%9%@%&&@:@& hyfRr {OI\?Qn

2005/ 093 ter renovi

pEisKgorgs; the g9 SM@e hate sisp ewfilgplormed irelis sxamplery éﬂyeré\‘)f’ @ad the

MPof rgdllﬁiﬂg tHelRrdsdRctioh 8 iriReszh Brisctopie &Qteﬂ e forg‘irﬁ% fay
tric device 100 has a | ayer

n% ¥ of thS el?@ .
VPSR @%gghgﬁbaepaﬁt? P P80 P'ONfi ch conprises a part
defi ned by mask 111 and a part
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defined by mask 112. These two parts are connected by
tvvo sidewal | spacers forned of layer 5 107. In a

Qaggy%g% step the pre-fabricated electric d%%'rﬁﬁzo&é}%os\zs

omn inFig. 9is covered by a | ayer 106 of
naterlal of the further resistor, which naterlal IS
the sane as described above mﬁth reference to the
further resistor 6 of Fig. 4. After providing the
| ayer 106 masks 11 |I' and 282' are fornmed, which

masks f%? %m%kﬁ% 1h@ fnadi® ilg %ﬁd ﬁ@%%religaﬂnc%{%g zlsni]rgc dev

Subsequent ayer I'S ani sotropl ca
thopva & topvigy i h Fig. B e@atEé'W BoRYY Pl of ghiggteptric d@PMOO h@ a
BlheW7 df@hgshala@geomrﬁewhlbmﬁ@ﬁseﬂ St dbfned b imd@V@N bnd a part

of | 10
SRS i T e B o2 B35
THe sidewal | spacers formed of |ayer 106 have a wi dth

V which i, s@kﬁ*ﬂﬁéﬂ@ﬁéﬂ t }lré/ BRR) ald ml)ct c%@]cé {Ho% SFg!

| ayer 106. 15 1I'n an alternative e Iment |a
sanvtred bayadhven T o f materitlef ke tsstpr, which maigral 1s1%eamesas
%dg%hf’&dvebﬁﬁlgéﬁreﬁe@wméfﬁ&r kedi¥ior 6 k@7 @n top of | aygr
. n ot her. ,.enpo ayer epar at.
fromlay eﬁ‘ﬁ?‘”@?gngﬁ %V%?Q‘{‘ Wﬂ%ﬁ’ gﬁea‘ﬂ%@?% %ﬁfr‘gﬁﬁ ‘ﬂ’éﬁ% masks
gosipilardethe masfys 111 apd | 12cBubsedicnity, the lay@d 196 i anisbtivip®ally etched
esirst e

SBRES, Tyl A6 dltblif ), Soinps A bl RO Selilor b {1
frisval wacerspra faged oflewd il dadne Wtimmlp@élﬁ torthy forpgfion of thegideya!
sphbefbiof B.S?etr 160 Thddidewd] Eﬂaceﬁ‘shﬁrmfeﬂl b1RRF 1069avesd Wiith JO0fhichli§) an

t)i@ ?r} Et thl?n gl X | ayer 107 and | ayer 106
Bpamils il s Pes oS M ng the masks | I 1 and
112. Bot In dnajtemative E’mmddnehfdgg&r 10Z1@&d layee 19Gveninterchanged, i.e.

L | .
lg%&d f({&ll% 1%2‘{1&@ blre (g)f fich rr?y\rl:]\fl It[)? grggo%gﬂ%ep gt%?-lnoafnot qudlmen}]

lape! %rﬁ)ﬁeﬂrﬁﬁﬁom lager A1 bysa "t%m?%?ﬁﬂ}ﬁlﬁé vhich mgy taqwrise, e.g.,
sticefdibiide. ARYinGEis dEbdARnCRIMFleS RSt 196 @qgafanel\fml@ﬁs@or 107.

8 ded : by, it
N s B D A S R At
ditha conéaeowith thefurtBer owistooi06t he two side wal | spacers

forned ofn Jn%f&-ﬁatﬂng Zmﬁo% nﬁmgl%qger l%§ aﬁ:ﬂ%\@ ldﬁrhré: [%rgvidegl %rior

In a subsequent Eﬁ IS mask
tp Erpipethe mags 1 b‘yﬁf‘étl BaY layerH&” @%é@@é@ﬁ ﬁ@ﬁ%ﬁnaﬁgot@rwqﬂay er
el vanduthigyedd oF @ addind steesbrining tﬂdln@ﬂselﬂl/’ aenory cell

th t t { [
Spacer  { Dreem e fOPeB e Rle AR et Sy 18155
cmsprlsmm wlluph amadkes is ervbiddl, apily mdaes ofditlograftl. The mask

lﬁﬂats b m@@ﬁ?ts&% theR ¥ back Qﬁhf‘rﬂ&o’r}h 11k B%SF tht Bo s‘?c%%g Q&\é&s

two sid spacers. t hus obt al ne
formgd ofilaygy 1909 lscﬂ*fé"sefi 2§ shewiindigadl- fnsa subsﬁﬁtr?ﬁt steqpehis mesk isghanr

uded@o RinoleEg BY @ﬁhlhg @hettﬁwséaqm&% opra 106 aTdh@@f maisadesuu
electric de pr ov

i1} Y mepsy °8‘¥ ‘he%* tﬁ" P“E 215" ﬁ"“&?"l‘fﬁw& 8153’ PP sbckgalg% 1Fc"FPé‘?iit
of layer pi7eStbadguertizs reatk @28e temb eed WD AR AOIEBBBt the mask 128 is

ofofbd bfd302/cD R o 16 LERnD LAYl fleerst 0, 1 theN

] ecte renoval "treat nent such as,

e.g. cHerdsyeml07 ﬁ@é Rbiipedaite. hing gie argvo sidewalisl foms thhe
1381080 oBihe bR HRYEA0, TRRACBBrRatef elbc@ictledicd 190 iAfslided with

a dielectric layer 126 of, e.g., silicon dioxide. In one embodiment the pre-fabricated electric
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107 and to obtain a snooth surface, which is
advant ageous for further processing. In that case
wé @g tageous if layer 109 is conposed of t\‘;?r)lﬁ%%‘,@so”s
rent materials, e.g. a lower 5 |ayer ©

relatively hard materi al such as, e.g., silicon
nitride on top of which there is a Iayer of a
relatively soft material such as, e.g., silicon oxide.
During the material renoval t#eatnent the relatively

hadyfle L% nh@ 1‘6919‘?1en3s§b1&te§*t@&’mkté}}’a?femo LB éﬁ'cl?!asdéé‘g a

Ia er ﬁ§ese an e teri al %aV|n
\/@elmcdlé?ffch%a figine, tmreéﬁceﬂ?eémh% fhy sigeyall heperpoHters 106 and
Afcrzehd tombﬁmmhebﬂn Qlrfacd; @Hiﬁh/mad\taﬁ@@blﬂﬁmmrﬂ&klﬁrﬁ@%ﬁlgllﬁ%at case

bt
SR8 bl 0} R eSSl o R SYRREHER . 3 e
diagsr et relativelalypet ma@B! sudpere gagiicdBRridséroemof whidhitigre i 2layer
a&f% r@lﬁtﬁr@fy %gft Hther‘?a?f E{Qﬁ &y, e. £ oséhc@ﬁ&ﬁdenﬁmﬂfg%e ncr‘a‘?e!rﬂa} r}grﬁoﬁ?tfe%ﬂnent

e conducti ve
pﬁhege@ﬁvely %/ﬂfd law eruseﬂ@?a oten larsrhegeby g E‘EééPYETyl O'ﬁa@kasz hpange
&hat&[hl m{rﬂglaﬁfellé‘d&ﬂge he@l?hﬁss)epreﬁemyng& 108 Bmak fer PHisONAtsled
C co el ectrically

crglﬁ 1o iﬁ'e'? ggb %”?”“T 4 a?“ ‘er step the
furt her 1 Bubdeqehity, an ad@ndlabdlcipcmcéa)et Bt s poaidéd/in which
c&a&efctx% 205 6d3§mé§%@ lgﬁoan g 1 I-Ehﬁ'e aleﬁgdtts Je,@oscé% &bh I;IIQIQOW

hus obt ai ned has a resistor
vﬁ% amae pEihg Iayeﬁ% ’fh§ ce@a&&t&%@wéio &’ Pregse 0T 957 I%Wfachm?as e
Qhaﬁgﬂayn‘ﬁdsle 11288t arD@i1BOkt(ER ANER dPdnehgs bsetathe&@d {vith Rkther

phase econd phase. . The resi 70 i rst
SRR ol RS R Bk Wk i S E 1B R

i eéecfirnq ceridactfr is gectriphliysennesadiioghesmipotitleel ectri cal

resistanc Ghe ag:tx@d Jetn@er ®b Ehug BQJJﬁJdI'ﬁQS J Boﬁysioz%h%thﬁ zﬁ@élstor 170.

resi stance, when the phase change material 1s in
S&e gaigtor bWa%,@mppwd gt ‘@f?bB’&uOﬁeﬁllaS‘t thangs giprial hsing ?hareaﬁe}le
hasveen £ it ghave afidSdeSdnd phafseo Thedsifiyt 1hay£ & fidsD@ecirkcal resistance

{ d nt.
G AP oo el PRt S s E0g bc efonse
dliffereahfrorn H first elekiridalypsisthnten when thet:nhaier\témlg@mabnaﬂ sdn he ered
‘i’:flasle qafe{ enbb%emﬁe bbd ,( 1 d@%mems a h%@rtrésié%lr Yorrﬁmfyllaygxallob' 98

low for a relatively easy detection o
.ﬂ@gfeﬂf F’PP@“P%’% therfurtherresisor J 8t Iaébss'ft Thﬁéur@erfﬁﬁ%ﬁ ablg tyfonduct
hhﬁrdnmdhﬁyfﬁgﬁedl@ﬁuﬂmﬂe bhT resibtinct bf Iayeey 06 eidnenbet@éent he
rel L\:FEI? ;ﬁ%aig\éanls ¢& 111% Qlow of & 6%%1%1(\/%%3& dgtg?tlhg Ef tﬁvl'gsgﬁmg reflatP%{a
a@im efdhe Camematzmdtf the B@qu!d 10gadtldet area. \Wen | ayer
110 i s onjfdi@dnbdalfent dt bR blGAPIASE 16!1” R1ale 1R 1R pRRe | N

which the electrical conductor 124 con*acts the layer
ifE??g“o‘flat?’H'é CqRFEEs B Rat BFiaAn » f5d gonactpreapndyg secagd 30
&ﬁﬁcﬁaxeaﬂﬂdzeﬁ lager 3619 Bldlﬁ@d? e d@iesk canbaCPardaSs thd@eadh Sich the

i.ch,th t ded t
SR SRSt 1 o Sl B e 160 or RS s B S5t B 3
preit & pridethe, seeund céiitagt ardeds the #xea:m@é&hslecfunﬂmmlwfncalhmductor
51%%&5 wendg%@c&eaﬁhu érq67 E%e se cg%gé m@krid RE Mhgse

ch ange material 1s snal st contact~ area
and the s@EBHPeRonPEDS coaﬁheave Pé‘ﬁé"ﬁnSF“a%ﬁ’é py thg kpgerjo§ the phase
fHafgaittarial 18 Smdlief Hiln BOMbAGHtacd heard ek sbddbd SB&ET AL CWRh M br

S PEstiotr sbubat o TR G PR A~ Rae o

Iayer 110 into | ayer 107. Due to the isotropic etching
of | ayer
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110 and the anisotropic etching of layer 107, the
| ayers 110 do not contact the sidewall spacers of
fodirectly, but at a distance, see Fi

‘86$W5/0% I'sS case, the first contact area and ?E"é‘/[ﬁzoﬂg}ﬁjsoms
second contact area are still not at the border of the
vol unme defined by the 5 sidewall spacer and are | arger
than a cross section of the sidewall spacer. The
current density inside the si¥#ewal | spacer is higher

t %ﬁh 8t cﬁ&b‘ﬁt 1¥16Je§frorﬁ Eéreﬁé 1nt06}£ﬁ910§r1§’ue% thE ﬂgho%ﬁz%%ﬂg of layer

contact area, ererore hase ch ang
mat A g a%zfot@% e@hl%@%wr logﬁé%@PfSrlé? firpot poqiast t%& sidepyall
f h}fanIrs m@examv didced, banlh OktaRt, sbdMesSEARANAINARINESE the &Fseébntact

h t 10..]
ok S8 BB SRR e SRR R
c kidevgl spacertaed dralarger thim 4 dress regthnod the sidewad] seaert | on has a
length L ofhe %Q‘réﬁmenﬁtyqr%kdg% sﬁe\,@zﬁl sﬁ&eMI thidn at\m\ﬁhqi‘i'sta coffact

of 15 run. The cross section Is t

etfeaind ashpserepg confasbarsg, pugy thergigyes ta%ﬁha%?rca%ga é‘?‘ieﬁf’éat thpsidewall

espaedr FtiRadharCA (e Uigdt GdntatPedeal afd/QCIAL scthdichb@acs 60Nl undergo a

cohnt% ﬁqea defined by opening 132, which is equal
B0 M i nes 100 nm  Thus the first contact area

and t he 15nsegundinconipetllGis enitedald theawkimg ofthg phaggfchange

10060 wﬁﬁfﬁle Y\Qh&eﬁ closs se@oB s atlé?x@ﬁl {80 fh Oﬁéﬁﬁ? sz@%m%d 2

300 nnR. é[p ase change nmatéerial 1Is

vEidting °8f5 g dhe gregssechipn ijithup Hithes Wr‘@ﬁ@@élﬁalﬂ%% éféf'cfirﬁton

hesatadt aEelaSbﬂﬁ{ediBﬁﬁecﬂfcaﬁQQduaam wi@aqlwu l‘.tﬁh@:l’baﬁﬁ c@dﬁ&f@@ defined
teri.a

pﬁ%%l%\h“élﬁc qual t%i(y b érlrrlfla 88?1%? A rﬁn{j It contg({i) tﬁrga gng an
amtmd leendisst pbmél hanh@Sl@l of ¢9, Womai whioh tle g than th crassgectibeof
4000RRITHE b6 bR ImaRRd6],8%,,8L: 811 Yo HRAPBASEMsi Qdr with the

tungsten. The contact resistance 1n the first caontact
af'e@lgedaws feHOSE BFFaisaRss 0BRIP Ohmyvyn the ghaseehanep agtetip] fq in the
TdytSallinke bﬁas@ﬁﬂtoﬁﬁibrertlﬁﬁllﬁﬁ B wiRdh tﬁetpﬁasfe b}faﬁge HadiAE in t ea

and t.he can act er than the
res) htou‘r"rf’c 18 eﬁ%mc ofo%'écziloéﬁ%% %IS 256 ‘ﬁ nglr‘fajé: Onduf el

havipergd viﬁengsfe@l Jbechntactgssistanescip ithe first Jntactedreagnd the sedand icordact
Ja{?é& arSealRT0b 'dﬁhh' @ﬁd%b@&)ﬂﬁ&%&%ﬁé&% whaR: &Hﬁct&&@% RIBRE

25 materi al fast growth materi al
EPYag grep prs 51011 %alkb@éwtha fesigtancp ef thy "OH’E‘Fé’f th?mhaée thgpss mgteriel
piaasgthek‘aam@ecmtsemoﬂl S, Wwhich conpr i se conposn t | ons of
formula S .sati sf 0, 05< and
M bei ng ot S iksFRel R ERtietad Sadeds Shrhcrar st
ofiat@l is b Fast gogyyth @aterial Teth anystalh@t@r §peedivd V en/sor more. This type of
%ysétcﬁgn é ﬁﬁ&rﬁaﬁnwﬁi%%pﬁg co%ﬂ)sﬁﬁné of f@ﬂ&%%ﬁfﬁm ysaﬁsf_gn

It near function of ratio Sb/ M see

f0fP=rRra-obatMiKip enq\nr@wﬁepeﬂw@é sefgsted frgi the s'j?uv @ﬁG'a s PEp
Sfef ZiCANd 189, haks 4 drymaﬂfz@ﬁontsb@d &Ewhlr-wis S@rdx;mamhy & lnchMnctiéh of the

17
B sere 4 Mo b Pre Ssmbiy M Erb e T bR S bRt i
ritedir tied SET @lsad jwhich edy beiaiposeli &y the bandRidjh ofthre stlesttioisdevice
'T'@f She l&ﬁﬁl If ﬁﬁtﬂ%rcoglp&ﬁﬁﬁ Hf‘til?sﬁl'fa%re ch&?@ mfat@ﬁél a¥eréﬁﬁhstédr§§ch that

ﬁstallzatlon starts wo outer end

Drier holds-itieee. i fastor @ Ay fanthetost dat tha oy ﬁﬂhftaﬁ@ Sfaéﬁ@‘é‘é ﬁw
RO Fer 3hdslof MB volif: SORDIHARIBARe Mhtdrial %Ql%@ﬁeqaﬂge%%ms&lcnon

When t he phase change is induced inside the | ayer of
phase change materi al,
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i.e. not at the first contact area or the second

contact area, the phase change nmaterial constitutes a
‘93%&@%8}@3 path between a first contact area 98&%@2005/050923
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 1,0, and the phase chdahge material nmay have a

crystal I . zmme gnﬁsee&lae/g%ns i) mﬁcl;%heﬁsé;e d?f%ﬂzﬂg amgg Aellial,

| ayer fp ase mat er| ISt
bdEVEH thm IRt PeOECieARRa o @\?é?"ﬁﬂd Qrigeiareg tiephash ?l@ggﬂrmawra} ger
t Reauibtifdies Nedndebifd @trcitweee D gishnths: Asea andk!!.secoﬁkf cdnfABt area, a cross

f
a0y 8 Bt pah es, e Srneilfereiviy He Perermpyee
c rages.t Tk parhed thei comdudtive @ath hivikgibaqpdse secfiamay havee léngtht 1 @nd the
S t})%@ &aﬁﬁe% %Qmﬁ&%@}&a%%ééh&ﬁ hﬁ!@ig %gl‘}ﬁlgr ststgz?ce of the layer

anmor phous parts "havin
r &Pt chngs pateria] és tg by ‘fh@wd éfttmeéy cbﬁferﬁtnhlquiwéaemsﬁn iplseese

]Elll‘:ﬁlgégﬂl?n zrﬁt emﬂalemrmgthbg,l qbltcﬁltHéQﬂorphJuE ﬁﬁm%ll%@r &hphdshe
orm O t | ayer se | r
o e P ST el Dt PRARE BRGEAmoY bt 4. 550,
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allization speed, of the
By S SRR e e B e P 0 G s et
dbe qoersqpornmmg drevgivarie Tefile/ b Exiumpl&al Fagt gowttEmamenidlemd dibir
f@y%ﬁal]ﬁét&%ﬁ%e&‘&ﬁ&é bRkA wAfe (gheir crystallization speed
vor are shown 1n Fig. 137 WD 2005/ 093839
PCT/ 1 B2005/ 050923 32 Ndt (ns) vor (mMs) Im. (nm 2
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Table 4. Mnimumlength Im,, of the | argest anorphous

@5&5}6&335&“6 phase change | ayer 5 Single pul S€ b e TITR2005/050923
rategies in which a new resistance value is glrec?ﬁy

witten in a resistor which had a different

resi stance val ue may be possible, in particular when

the resistance value is read prior to witing the new

resi stance val ue and taken inﬁg account during

witing. Alternatively, two pul ses may be used, one

for achieving a well defined, condition and the second

ofe for witing®®e. for set|tPfBsk he resi JtharE® val ue

t® the desired |30 val ue. Becdyse The resistlggce val ue

Fp—set ola.vrnqsfru“.a well-gef+ned-state, the pulse . .

to set the degired neM/reS|<Pance val ue |c45

iﬁdependent of |he previ ous r65|stance vaILeosln Flgs.

and—15B—twy—exanptes—of (dizfF-ferent—st+rategres—are

depicted for Ngd4, 1n the stratégy of Fig. 5A, first

d‘relatlvely shért and hi gh Féﬁer pulse of [@36 mA and

VIS applled KOr 15 TS t0 [ggke the taryggst

3
anbF phnllc nnrf on (I —A\ A_Sl hQP(]lJPnT Crys lization

oo

|'se of I|ower Bomer 15 such3as e. g. 0.3 m&and 1 V,
|§ applied for a time tI=7/5 ng, (Z2=50 ns 01 7% 3=25 NS,
oh

l eads + a—decrease-oft the 4
crvstal growt h gt t he annrphoﬁs crystalllneI undary.

For a pul se of ﬁhratlon tl the entire anor phous part

N

I4b recrystatti se—of—durati-ont3—and—t+3

= U I ofr—& |.JUI R U1 oot T o arto—t
only a part of He anor phous|portion is o0
ﬁ%crystalllzed 1tas shown schedmtically in FR. 14B
The exanple given relates to a | ayer of phase change
gﬁhgrlal of co osition 20 Gel5Sb51Te34 having the
HisMure JeBgh e Mg S B B B BB pighemhgse chagee laxap
2005/ 093839 PCT/ 1B2005/ 050923 33 In an alternative

strategy, iled to c

recr ystg ZI I §{e l?é St%églf' i W%%cg\%/) |n%W SRS ﬁﬂg‘:ﬁé abeéﬁh%lw”tfefl na
pasister which rveaditierens rElSISq@!enegelU@lﬁlanD&tweelan@mlar| véhen the -
?@%I'L&Chalue lis%@éé' pﬁgr th eraﬁf@fh@ H&HI%&RQ{G% b%san@{aki\é%tb bt

i TP Rl S S e et esatisvine 3 woldnfnst
cfnditibe amkthé sedﬁfdloﬂEﬂJr el tieg, j/éi i |séﬂ1réﬁﬁd 1edistDite valde ithe desn‘ed
t ?g&g% ;‘get%{lﬁ | Z a a‘rilue lS :.%{ gl 1%:& \gTIIa zie%{}eéil }71? gg 9ulsegmgt
e ri%ﬂré@ pevplesiftinge V%eEis h)ésaenchret of the @revimgeredidteate taluel InFigafl15A
5113@ 5]§|t5v§ Exaﬁﬁiﬁs SEHONE: stioRE Flje de Jlk% 538, {1%fe s?!ath%r of Fig.

oW Ng easy ara rogranm ng
PZ"’[ ?gst ﬁll'%el& shomptahlg]il H@ver Pilsecof Eréﬂ‘l\/@dﬁ Vol apphied for 15 ns to
mekditlie ﬁfgﬁst amuphdue pdSrlﬂ&th@@ 17 ﬁ?{eq]ﬁ&ﬂ @ﬁt&ﬁ&muwlmr p&ver,
nul t el : a
REPBREER A S Oy bl R s €25 ah e il S B e
%éyecgjﬁ@e gfgbee@nqr@oug@g biy epystrltgaeveth at the amorphous-crystalline boundary.

For a pulse of duration t; the entire amorphous part is recrystallized, for a pulse of duration t,

and 13 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

Ge1s8bs1Tess having the dimensions described with reference to Fig. 16A.
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In Figs. 16A and 16B the resistance R of a |ayer of

phase change material is plotted versus the duration

‘% Bdg@ @g% pul se, using the strategy shown |nPEJr332005/050923
Z\. %e ast growth material was a | ayer of

Ge15Sb51Te34 having a length of 400 nm a width of 30

nm and 15 a height of 30 nm, and a | ayer of

GegSh72Te20 having a length of 600 nm a wi dth of 100

nm and a height of 30 nm Bo#h graphs show the

appr oxi mat @lay akdRead strra@gya‘é AP ﬁ&gs’ﬁﬁﬁhdt@%n&ﬁ% eﬁfeér?s%llf%f

the set pul se and the resista ue o
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0. 1 t
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first electrical Tresistivity aseco
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plurality of such elements.



2. An electric device as clained in claim1, further
conprising neans for smﬁtcﬁing the resistor between
the at least three differe el ectrical resistance
values. 3. An electric device as clained in claiml,

cif atdgher conprising a read out signal generator for
providing an electric read signal having a read
voltage (V) to the resistor and a read out circuit
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res{s&cre{,M{lgs) 5. An electric device as clained in claim
wherein the resistor is swtchable between N
d| fferent electrical resistance values, N being an
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mingmym i“FW?t((Nla thy ‘fus’ea resiRtpnoRiERag be%“@ﬂ@é‘%ﬁﬂﬂ@ rﬁéwlt@ée &3 3 divided by

the Girintie durtent (@] @,8v/A), wherein the |ayer of phase change
material and the further resistor have a contact

resistance of 10.7 V cn2/A or less. 35 7. An electric
4. devigeleasc dlviae ssrthirnad icdlaimm frthatkan@ising b Fead pht sigel ghange
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_electrlc eV|ce as clainmed inc whereln a
diviged byithe readisaent iy BRep¥th havi ng the cr oss section

constitutes a vol une of phase change materi al, t he
vol avi ng an. el ctrlc resi stance which
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. inclaim?9 ereln ¢ satisfies 0.05<_¢< 0.5. if. An
: electric device as clained in claim1 or 9, wherein
6. t heAmpdiask detiedngelai@tl @ dlaih 1) Wherein the layer of phase change material and

the further resistor have a contact resistance of 10”7 V cm¥/A or less.
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substantially free of Te. 12. An electric device as
clainmed in claiml, wherein_.the resistor is conprised
in a body, the resistor constitutes a nmenory el enent,
and the body further conprises: an array of nenory
cells, each nenory cell conprising a respective nenory
elenent and a respective sel ection device, and a grid

7-of ¥ estricdpviveiaheiaimedmshingb iberpindls thas hangp material constitutes a

cohdﬂldﬂx%lpﬁiﬂ Bllyden AR Schtab 2foa hPa deblRid EATRESL] VG053 Sl-Bnlor AR

nnect ed t the respective sel ecti on devi ce.
°°‘1‘£“°“"ma‘§$%’&& Fiager figg fhe drsheoniaptareran thseeqnd popaptarea.

wherein: the selectlon devi ce conprlses a metal oxide
g sem ond petor fi ct tran5|st tg put ce

[ egi onelec gr%ce S quiéltgne(g Hxa’/‘ gvh aﬁ e conAEnﬁtHePﬁE gahe
crogf segtivh sortsiitoles 4 vcrhels: of plrrpe Ghaiees nNeﬁalrth«t vobeledetingm electneﬁ
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resistor of eac nmenor enent ectrica
secepthifetestiarg iaespectistol phejhas ﬁbe@bas@@haw nfateiphis ml&@ fiesy pirageeor the
sedoOprag. and the drain region of the correspondi ng netal
oxi de sem conductor field effect transistor to the
output line, a second region of the corresponding

9. met an efexiriel &ev&e a3 @ometli6 tiaim 1, idein (1RHhAE thahdeisiglliod |
drain regi

t source. regjon and t
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seleted diiomi tiedrduy of Ge) e AlzeGh, Te, Zaned &, the N first sel ection
lines, the gate region being electrically connected
to one of the M second selection lines. 14. An
10.e| ednprElectricidarice es ddmal inclaipoP, whereih abatisfies 0 05e¢0iSN t he
| ayer of phase change material and the further
resi stor have a contact resistance of 10-8 V cnR/ A or
11.| esén elpgric dgvice psalaiméddn efaigy loas S gherdirpthephdsej changé mitenial is
subRi By Recldpe. | ayer of phase change material and the
further resistor have a contact resistance of 10-9 V
cm2/ A or less. 16. An electric device as clained in

12. cI amﬁcmcvm@rceawaan@aﬁ £1a@f1 theeif DB eidisthd i ConfpRbdd il AMIdP Ghe
pn con a vol ume of phase

S _secti
resm racr?lé %&“ﬁ%fa i (A ok ﬁ?ﬂé eﬁ@"“’&ﬂseél ectri cal
resmgmanc%mmhmnhnaSMhamgmwcﬂhammﬁﬁmgdﬁmmmweﬁbmmpamﬁﬁtmm

am;%&h%%é&ﬁ Bhég&iflrSt contact area, irrespective of

ther t ase change material is in the first
pha%%“b#ﬁﬁﬁﬁm%@@%nd phase. 17. An electric device as

C | aéa@ﬁgieﬂl&y Géllademg TodivRAySbsIPRAS fae Rbpelie s&&ﬁ%ﬁt}é ve

8 havi ng Cross section constitutes une of
8”%%@ﬁﬁﬁwﬁﬁ*§?T%¥Vw%he vol une having an el ectrica
reS|stance whi ch |s Iarger than an el ectrical contact

res st.ance, at th ntact area, irrespective
lf%(’defqﬁeasﬁ ‘ﬁ‘"’é'ﬂa Y% ial is in the first
p h aéesmhmhbwmmMephaad oxill8semivondicecfield effediarshsistor Bsving
‘a SOGIIC egiog Idﬂmﬁle%bmna’a Wé'?e %m? part of the conductive
havi n &ss"Eection constitutes a vol une of
p h éé@gr@hﬁ tigrelines ¢ogiprises Ndiry erlegtion lngy Migeaad sedcatlings; ald
an i@ imt,ance which is larger than an el ectrical contact

resi stance at_ the first contact area and at the
the resistor of each memory element electrically connecting a first region selected from

COIL

13,

- the source region and _the drain region of the corresponding metal oxide semiconductor field effect
' transistor to the output line, a second region of the corresponding metal oxide semiconductor field

effect transistor, selected from the source region and the drain region and lying free from the first



second contact area, irrespective of whether the phase
change material is in the‘@Grst phase or the second
phase. 19. An electric device as clainmed in claim?9,
wherein ¢ satisfies 0.10<c<0.5.

region, being electrically connected to one of the N first selection lines, the gate region being

electrically connected to one of the M second selection lines.

14. An electric device as claimed in claim 1, wherein the layer of phase change material and

the further resistor have a contact resistance of 10° V em?/A or less.

15. An electric device as claimed in claim 1, wherein the layer of phase change material and

the further resistor have a contact resistance of 10° V ecm?/A or less.

16. An electric device as claimed in claim 7, wherein a part of the conductive path having the
cross section constitutes a volume of phase change material, the volume having an electrical
resistance which is larger than an electrical contact resistance at the first contact area, irrespective

of whether the phase change material is in the first phase or the second phase.

17. An electric device as claimed in claim 7, wherein a part of the conductive path having the
cross section constitutes a volume of phase change material, the volume having an electrical
resistance which is larger than an electrical contact resistance at the second contact area,

irrespective of whether the phase change material is in the first phase or the second phase.

18. An electric device as claimed in claim 7, wherein a part of the conductive path having the
cross section constitutes a volume of phase change material, the volume having an electrical
resistance which is larger than an electrical contact resistance at the first contact area and at the
second contact area, irrespective of whether the phase change material is in the first phase or the

second phase.

19. An electric device as claimed in claim 9, wherein ¢ satisfies 0.10<c<0.5.



