WD 2005/ 081256 PCT/ SG2005/ 000022 -1 ELECTRI CALLY
VRl TEABLE AND ERASABLE MEMORY MEDI UM FI ELD OF THE

wO DERRI2ZEN The present invention relates to a BOI/BG2005/000022
state data storage nedium In particular, it relates
to an electrically witeabl ejand erasable solid state
menory nmedi um  BACKGROUND OF THE | NVENTI ON To neet
the denmand of the data storage industry, various types

of ENECTRIC ALLYeWRITEXBY. BrANDIER ASABIJE MEVIOREMEDIUM
whi ch include magnetic storage devices such as hard

di scs and floppy di scs; optical storage discs such as

FI f&%\é\s as well as solid state nmenory
evi ces such as , flash nenories, dynamc

random access nenories (DRAI\/B) Devel oped in the
1970s, the chal cogeni de- based random access nenory

(G RAgpresent ipyratipy Frlatss to yolidatate date ato&ag%mu}mm perticular, it
roldifls £l SULLAMIEIIE AR Qe GIASARL frenforTimeffithd.| S an
on-vo tl evi ce

I nexpensi ve, e nenory
virtually inpervious to radiation damage or hostlle

ronl c iLnt and t herefore has commerci al
%ﬁ?@ QQNDaQFJ%ﬁwﬁTBQ%t for conputing and data
storage field, with applications ranging fromsnmart

appl i ances and deskt op conputers to new ki nds of
conSomeset freatuend of thealata/somtapo nalustiy veriods tFpdAN mkelia are

i s di,scl ose for exa Pat ent
doyelpl 36 GiElotE Bipose A uclL AL HGAeilovipgp guch as hard
disty/RR1 BppS-didM diﬁi%hlcs‘?orag@&iﬁéd S8R af CH-ROMs, €DK ad?D—RWs as well
silicon senm conduct or wafer 10 as a substrat e,

as spdidotate memoey flewicessush aa RéilYig | ROMIsafeshahemopdes| éy@mlc random

tructur.e on the substrate, a first spacedly
ace 188@8865@%{’%@?)6 adj oi ning the volune of nenory

rraterl al 36, and a second spacedly disposed contact
8A adj oi ning the volume of nenory nmaterial 36. One of

t heDeEglopaskinthe 0795, tha éh@cmmded}asgd wRilemy ageasamemory (C-RAM)

R L Ty T

RAAD axﬁﬂlexpﬁlmb, 1R8-alatilb ewinidre dbw@&lﬂfaeistwrtlhallyhhﬁervmus to
datawrﬂmgh ?? a tiny volume_ of phase-change

radiation damage or hostile electronic interfogation, and therefore has commerc1a1

potential as a memory product for computing and data storage field, with applications

ranging from smart appliances and desktop computers to new kinds of consumer products.

A conventional type of C-RAM device is disclosed in, for example, US Patent
5,912,839 issued to Ovshinsky et al, as shown in Fig. 1. This type of C-RAM device
comprises a single crystal silicon semiconductor wafer 10 as a substrate, a memory
material 36 of a single phase-change layer structure formed on the substrate, a first
spacedly disposed contact 6 adjoining the volume of memory material 36, and a second

spacedly disposed contact 8A adjoining the volume of memory material 36.

One of the key features of the C-RAM for storing data is its phase-change ability
between the amorphous state and the crystalline state when an external energy is applied,

such as an electrical current. In the data-writing process, a tiny volume of phase-change



WD 2005/ 081256 PCT/ S&005/000022 -2 nedi um of the
C-RAM nenory elenent is nelted by being heated with
wa@adosiogizént el ectrical energy to a tenperat urBEBCERGOUD5/000022
its melting point, and rapidly cooled to room
tenperature to formthe gener-al anor phous state. In
t he dat a-erasi ng process, the phase- change nediumis
anneal ed at a tenperature between the crystalli zing
mddReF ﬁié{!f-mérﬁ%é@héﬂt ROmBRd By b&nd REMJ WEL sufﬁc1ent
crystalline state e of the inpdrtant criteriat
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PRSI PiTomn R DL PR HE b s rating eropgss. g ghase-
chéﬂ@ésfhéﬂlﬁlh'i@aﬁ{eﬁfeﬁ -at §Eéﬁ§iie@z&uﬁé®éﬁv§éﬂqw ciya@ili Ay teltnB@rature and the

type of C devi ce di'sclosed in he "Ovshi nsky

mqi&memmtﬁwfound@rcryﬁalbnmia@te t he phase change pr ocess
the electrical current nmust have a pul se width of at
| east 50 to 200 nanoseconds (ns). Wen the pul se

W didhe of thdhig RRatlcreNPfthct s Shd pibst-chngd-abdfly RkShe BME-transfer
device will not response with necessary phase change.

raty Ndyar is dependentnmeths aiteinatie rostallization qued droa the\gmanphdys state to

ti e {
the &é&%ﬁ‘i% tsté% %cﬁ?{ﬁa@g lslz%vt(fll? Iihgg rEhe FC }gé_ggs 6<§e4}§closed in
thd Oeslﬁimkytsrpatdrm, i uﬁder ao aaﬁlﬁetetthmplmercnmw&gs @inselédtacal
the previous recording . cannot be conpl

cuprgityust havs o pseyidth gf atdeashal o 200 mmqge%n@ﬁ:@s Wipn the pulse
widh4s %rgg{@& B%%%ﬁ i, @ SHOhL 'tﬂ@ﬁ@ﬁ%a? f‘%&*}eégﬁx&' with

noi se roach to’i reas’e t ran
neta@bay phaseshangehi Thgrefpresproblents- xﬁw\Ansd,eml paetidudarf Wken the

crs%%? G speed s F b giapeh < PR A SPopRvai MRe hedertise!
aitipakies B & 18E BRRHIWRK. 091%51'1 ) @%eqhe%o%ho-{l@ réAuts I?(%Hrﬁ the previous

ee I nvesti gated. Studi es show t hat however,
recowding hainngt b@e@dpl@febarepe/gtallaﬁd dtong thiealatat witing process. This causes
e mateng i guqh as. Gel Sb2Te4 or (Ge2Sbh2Te5

h
da{g‘s”%%ﬂf?ﬂ orgionagd 3 FRQISEf ore, these attenpts

have not presented a significant inprovenent on the
swi tching speed of C-RAM devices. There is therefore
a néyg apprqmc {a merease tihﬁﬁat@\t@dsfét Wi, oF e\mwlynwpqeé #bCRAM

de?i?g}? 3(}p2{0§ o'fg{g)gélﬁ,? n&% c%gl ?#{ gﬂ%sg gﬁﬁ%e %?tenals as the memory
material. Matenals based on various different proportions of Ge-Sb-Te have also been
investigated. Studies show that however, the switching speed of a regular stoichiometic
phase-change material, such as Ge;Sb,Tes or Ge,Sb,Tes is about 50 ns to 100 ns.
Therefore, these attempts have not presented a significant improvement on the switching
speed of C-RAM devices.

There is therefore a need to provide an improved electrically writeable and
erasable memory medium having a high data transfer rate, i.e. the medium is capable of

changing phase in a shorter time of, for example, below 20 ns.



changi ng phase in a shorter tine of, for exanple,

bel ow 20 ns. WD 2005/ 081256 PCT/ S&005/ 000022 - 3-
WENMORYSEOF THE | NVENTION It is an obj ect of tPE@I/SG2005/000022

present invention to provide an electrically witeable

and erasabl e mermory nedi um_for data storage, which

has a significantly reduced access tine than that

existing in the prior technology. In accordance with a
SUNMMARSOPAHRINVIENPIGRENt invention, there is

provided a data recording el enment for a nmenory cell

of a witeable and erasable menory medium The data

BB o5 Pl FO S AR
era@ll’dl& hﬁ:hﬁ)r%' AaunS FSriat At SraSd WASIRS a%l@hﬁéaﬁilﬂ?tréfd&ted access time

sequenti al |y di sposed i ndf vi dual | ayers | east one
thanfthaﬂwlsphgnrathetrmootechndpgy dual layers in each

mul tiple-layer structure is fornmed of a materi al

capabl e of changi ng phase between a crystalline state

and IdRccoRHRESWANS: fkOdsBedtdf HRIPERECInY iR, flefCh préiaded a data
pul se.: One of the plurality of individual |ayefs is

reqording elementier 8 memorygoll afa aritablesandemsablesnsroomyiresdiym. The

a0 sRRE hos d BRIBAE frucBREo Pty mPietfbleiofsprgotures.
Eaéh M@fnultfblé—ﬁaﬁt StFuchute cOiptike adAtalityesTaegidntialy 8idPsted individual

Energy |l oss due to the heat diffusion is reduced and

laysgse eﬁ:tdﬁqsgpge offhe phreliy qfindivigyal éwyetsne cpddspuliiple kayer structure is

P ot p i UL bEcnaR ok ARV RAR iy find an

amplphioat sthie infrespongedotan@ldcyriod] myies a0nd oithy pﬂmaiity baijmdivddual
are dis ed in he sane sequence in at |east two
layerigmagh of bn@tw}/ Eimgs Alletsh PR atomiG Pemaht wiich 1s abgent from other

onpl)f‘ﬁl@ hfr%fh 8f ROVARAI 1A Y PR fé—l'afi‘é}'s‘t’ﬂugﬂﬁﬁ% lolw%Ysea[ ﬁ’eat

are in a different seq ence in east
d1fﬁmouh cml] bf ﬂpldatd layca'dirfgtele:m@nnr Eserg?ﬂcsfs doald the heatahffuswn is

j h t hi.ck b
rodyoad b er e e e Lt AERE ripestiyps Al Ahats
shdrfé%&’ heléala Higty 848 tAANE: faltecaf BERbIaN Ak NESS.

Al'ternatively, the ratio of thickness of any two of
the individual |ayers ranges from about 0.1 to about

10. Preferably, the plurality of sequentially disposed individual layers are disposed in

the same sequence in at least two said multiple-layer structures.

Alternatively, the plurality of sequentially disposed individual layers are disposed

in a different sequence in at least two said multiple-layer structures.

Preferably, each individual layer has a thickness in a range of about 0.1 nm to

about 10 nm and more preferably, all the individual layers have the same thickness.

Alternatively, the ratio of thickness of any two of the individual layers ranges from
about 0.1 to about 10.



WO 2005/ 081256 PCT/ S&005/ 000022 -4 Preferably, the

total thickness of the individual layers is in a range
wo@Rooalosnzs6e 5 rimto about 500 nm and nore pref PCEBGEI005/000022

the total thickness of the individual layers is in a

range of about 5 rimto 100 gun. Preferably, the

resi stance of said at |east one individual |ayer in

the crystalline state is |lower than that in the

anorRaRSIS Rl t8tal HcIBEEO6ARE HflivVitiadl 18 ?sgfé‘?filg rﬁ%%?tabﬁt 5 nm to

t he preserit invention, there is provi ge a merory
abowell J00fnmr archmetepreferabdy,| the tatiltleiakiass afithedndisibhHayersisriy a range

di a | as a menory nmediumthereof, the nenory

Ofgﬁwt%@e@na data recording |ayer, wherein the

data recording layer fornms a superlattice-Ilike

structure. Preferably, the thermal conductivity of the

s updiréfarablys thel resistagee efcsaidr as 1¢ast onedudivitivay layerminythegrystblline state
. Loeas&}} O’Eﬁ tOftt he 0(:olqgosittti onal materials; the
1S OYFE FPR Y R ST BR"ARF e  thi ckness of the

structure. In accordance with a third aspect of the

present invention, there is provided a nethod of )
pr oduesaeidance with asseendiaspectoif dheamesenbinvantiomytheye isqirpvided a

e O b e s R

méhdry Giddiven GierébfSthb $lienadr col dord pries iatdatigrehidin® 1ayR] Wherein the
further nultiple-layer structures on said first
datereeqriing laysy Eprmsa syperlatice-bke gruetwe] ani nat ed
structure. Said first or further mnultiple-Iayer
structure has at |east two individual |ayers, at |east
one Poé¢femblyd therthérmial nadductiaiyeoSthe supenlattivd-like sarutmteisireduced by

capabl e of c in hase  between a crystalline state
v %mea%m%%ﬁgggmgﬁﬁomkm&ﬁﬁ*n% supdtlaitica Reptopang fhe

thiPkle3€of BB dir@¥8rel Ndi vidual layer is made of a materi al
having at | east one atom c el enent which is absent

from anot her individual |ayer. Preferably, depositing
st.ruct.ure_ incl udes

a fiirst or further I tip]e:layer

5 equbiteoRianst Hubaunit et FEhEbRamibreian. thefjas v idgd o
mdthdBéf i8R dA8 SecoRBn@ElechRhefof ¥ hidhdry cEIMEF ¥batidhily writeable

| ayers of a tfurther material different"fromsaid first

andrarasghileimempry medmno sTixswethot coaptes/depowiting a first multiple-layer
structure on a substrate and depositing one or more further multiple-layer structures on
said first multiple-layer structure to form a laminated structure. Said first or further
multiple-layer structure has at least two individual layers, at least one of said individual
layers is formed of a material capable of changing phase between a crystalline state and an
amorphous state in response to an electrical pulse, and one individual layer is made of a

material having at least one atomic element which is absent from another individual layer.

Preferably, depositing a first or further multiple-layer structure includes
sequentially depositing a first individual layer of a first material and one or more further

individual layers of a further material different from said first material.



-5 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is an
enl arged cross sectional view of a prior art
web@ssizéal | y witeable and erasable nenory nedi/s62005/000022
Fig. 2Ais a schematic diagram showi ng an electrically
writeable and erasable nemrg_ nedium according to the
present invention; Fig. 2B is an enlarged cross
sectional view of a nmenory cell of the electrically
BRYEF PESCRETION 6¥ebie PRAWYNGRDi um according to one
enbodi nent of the present invention; Fig. 3 is an
enl arged cross sectional view of a data recording
el enent, .of a r cell for. an_electrical]) .
o + 00hch 8 o e PEEE e EScroma o ad R oLk SRgiraty yriteable and
era3A61E RRmory rddinikent of the present invention; Fig. 4
is an enlarged cross sectional view of a data
recording el enent of a nmenory cell for an

cccstbi g s b AT B SR i PG R erasab

mentire Mddamn abdoddin® Ao the plesghitiberfifoa Ng an experi ment al
curve of the wite-erase properties of the nenory
medi um according to the present invention;, Fig. 5Bis

an [ r i | I rr .
o B g 830 SRR R SO S P Sty
writeabilelanderasabtt membry hédiupraeseding to\vas embodintfengof the ipfesant
. graph show ng the resistance agai nst pul se current of
INYeHEOKenpry nmedi um according to the present invention.
Fig. 7 is a flow chart show ng a nethod of producing a
menory cell for a witeable and erasable nenory
mediFign3as e eullarggd tcoss kectionalsaew of adetatrecanding elEmARX of a memory

05/ 081256, PCT/ SG2005/ 000022 -6 Fig,. 8 is g partia
colf 0530 L ETSPR A1 AOL ik HaPA G oA i achudine o anther
enBb@ient 6A4hk YrdeatiBPHRn; and erasabl e memory nmedi um
- according to a further enbodi rent of the present

i nventi on.

Fig. 4 is an enlarged cross sectional view of a data recording element of a memory
cell for an electrically writeable and erasable memory medium according to a further

embodiment of the present invention;

Fig. 5A is a graph showing an experimental curve of the write-erase properties of

the memory medium according to the present invention;

Fig. 5B is an oscilloscope screen print showing a pulse current curve during a data-

writing process of the memory medium according to the present invention;

Fig. 6 is a graph showing the resistance against pulse current of the memory

medium according to the present invention.

Fig. 7 is a flow chart showing a method of producing a memory cell for a writeable

and erasable memory medium according to the present invention, and



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS As

shown in Figs. 2A and 2B, a nenory cell 200 of an
web@ssizéal | y witeable and erasable nenory nedi/sGr@8000022

according to one enbodi nent of the present invention

conprises a substrate such asga sem conductor wafer

210, a first contact 220 and a second contact 230

formed on the substrate 210. A data recording el ement

240 gig ¢ R 1:9 %I‘d/ﬁ ‘é‘ébtlohﬁlalléw b8k nféﬁﬁ)rﬂl k&l S£me @Iéctncally writeable

contacts 220 and 230, and an insulatihg material 250
an{l srasatbde impsapry mﬂdmm eterding ta aBurthenempodinlent (Dﬁtbﬁpmsd:m rinvention.

cells. A high tenperature el ectrode 225 is forned

adj acent the data recording el enent 240. In the nmenory
DEEATURDOES CRAPTIONCOF MR EFERREDY FMBODIMENTS

t wo- di nensi onal or three-dinensional nenory cells 200.

The data recordlng el enent 240 conprises a plurality

of nul e- l.aver, ,str tures 24 44. and .ea .
By R o o, bigdorg 8 21 2L 8- G iteable and

erdsme trﬂléﬁnlrﬁ 20 @b&ﬂ@fﬁg@o bﬂ%jérﬁb&ﬁﬁieni SOtRE presédd @vention

242b and 244a, 244b, respectivel ¥ The i ndi vi dual
compyisgss subptraty éwzhﬂﬂ a seplieandugter water 340.a Brspamtacp320) and a second
cofamﬁzgogﬁ%x}{ég?er | a é?fa‘?e ngbg eas% ng% %ﬁlgﬁli@ % formed between
the fidt Micﬂtlhalsedofmylébbﬁtaa’eé 2&0 and 233 and %nﬁﬁﬁhl@ﬁig@lﬁatenal 250 is provided

phase-change material. \Wen referrlng to different

fowaelé?%#h@ mww&sﬂ 0@ othes cellaudy high jepneratprexjectrodo 825 is
fofe Bt 80 8P 1Rk Hshiafit M2 Rk SRGRESE oo are
. formmeetdermi aatayhﬁ\twnglimbndmms or three-ditensiona nesmeory celd 200. 1 S

absent fromother one of the individual |ayers. The

phase-change material nmay be one or nore selected from

t he

Ag T%"e Ql'dfé @Eoﬁin%r%éiﬁe’?lt 940 gérﬂéﬁﬁl&R g{iﬁéﬂé'ﬂi’w ngiﬁtl}égq‘aye?@tructures
24Z,é5§é8ancﬂ' %bmltlphgbﬂ@ stries@e 42, 244 cabprisss atJeast 8mo s@]u,entlally

it S8 20 S S D BUSTS, Z0t oyers

‘in Q&hfrﬁ’tﬂﬂﬁli lﬁ?ertsﬁﬁctﬁlfbsmc bty @ eSRAR M Pyers 2428 and 242b, are formed
i ndi vi dual Tayers 242a and 242b. In one enbodi nent,

of different maserials, @né ableast lgge pf e andivigdualf laymf@l 24221242 dsyformed of

[ J Dr OV,
ph%s% h?gag : n{eegglo r\&’g&{ﬂﬁef ogl%lfte S t%rhg 28k s £ Lo 1n§ th«f, nr%vualfal layers
2424)240e shd 2444/ 244t dtey itdhkﬂhdés&m&ioﬂ Whedaat Rﬁét one of the individual

enbodi nent, the at |east one of the WO 2005/ 081256
layerstis nxado OF 2 ayerdesing having at least one atomic element which is absent from other

(

one of the individual layers. The phase-change material may be one or more selected from
the group of elements or alloys including Ge, Te, Sb, Ag, GeTe, SbTe, Agn, GeSbTe,
AgInSbTe, TeAsGe, TeSeS, TeSeSb, nSbTe, TeGeSn, In, Cr, N, Se, Sn, Si, Bi and Ag.
Likewise, the individual layers 244a and 244b in the second multiple-layer structure 244

may be formed of the respective same material as individual layers 242a and 242b.

In one embodiment, the at least one of the plurality of individual layers is
deposited in the crystalline state to provide crystalline cores to shorten the phase change

time of the respective individual layers. In another embodiment, the at least one of the



plurality of individual |ayers has a resistance in the
crystalline state, which is lower than that in the
warwsponss state. In one enbodi nent, the firstPCT/SG2005/000022
i ndi vidual |ayers 242a and 244a in each nultiple-Iayer
structure are forned of one_type of material, such as
Sb2Te3, and the second individual |ayers 242b and
244b in each multiple-layer structure are forned of
P A et s P g Iy (e e, Wihisfpwer than
thdt @rsthetahnorplicusistatee| ement Sb which is absent fromthe
mat eri al GeTe form ng another individual |ayer 242b.
According to one enbodi nent of the present invention,
t he 1pbie @hbddtnht, M ﬁx’spfnﬁfwdlﬁl/ﬁ?le&@ﬁE&EﬁH Qmaqﬁ@agmumpm-layer
i ndi vidual layer$ thereof fulfill the form according
strocfunterage fopiied wif nge typr pf ewtirieh suqhRlISb, P2 3nd the, se®imdiihdividual

W2 22 . P2 Pi PP i | ,
lay RS 242580 24 in e eldtiple disr, pising i fopinid of bk fype of
mdidHali sabiead @Y TE. B thitcdnoRiads, ifdividuaPlayerA8MABEd bPSb,Te;, has

total number of multi pl e-l ayer structlure of layers and
thmatqrmq elerveistSbswhich lsmhscmtpfroei theyesterial (Gefe foanimgguetherindividual
la rand j > 1; Pj1, Pj2, ..., Pjny denote

yg{ rent candi date of rmterl als; (Pjla Pj2 .

Pjn,) denotes one multiple- Iayer structure of the

recording layer. The term™ nmultiple-|ayer structure

seqUeRe remﬁmw emhsz ipns ob B PeEssentrinyation; e pluralityeé pudtiple-
i e B SECRESIR TR e kAR S 8sangsn e otowine

exi€dsid=2005/ 000022 -8 For exanple, given m = 4 and n
= 2, when j =1, the nultiple-layer structure is of
the form (P1 1, P12, P13, P14)1, '(PI 1, P12, P13,

P14 1} 1)Pm)1\|,'\’gf"z?h)25 he P ?’VI d AJH ayerér&bn t he. 1 *

second nifl 't yer Ztilictufe ard di’pose®Tn  the
same sequence as those of the first nmultiple-Ilayer

structure.
where

m; denotes the number of layers in each multiple-layer structure and m; > 2;
n denotes the total number of multiple-layer structure of layers and n 2 2;

j denotes the multiple-layer structure sequence number and j > 1;

Pj1, Pi2, ..., Pjm; denote different candidate of materials;

P, Py, .., iji) denotes one multiple-layer structure of the recording layer.

The term “ multiple-layer structure sequence number” in this context refers to a

sequence that the respective individual layers in one multiple-layer structure are disposed.



when j = 2, the multiple-layer structure is of the
form (I 11, P12, P13, P14)13 (121, P22, P23, P24)22
W@ 2002081286 whi ch the i ndividual |ayers in the SPCD8G2005/000022
mul tiple-layer structure may be formed of respective
same material as those of thegfirst nultiple-|ayer
structure, but are disposed I1n a difference sequence
as those of the first multiple-layer. structure. Each
eﬂh%? el 1By =41 R ja . i
Pb¥o 1 lﬁﬁ?bln %ngagggfe%?ed Jen%%%?ﬁgﬁﬁéetﬁgﬁgﬁg?g?gﬁgrhe
foinyer s have the same thickness. The total thickness of
the recording layer lies with the range between about
5 nmto about 500 rim i.e. n 5nn<_ tP. im <500nm
I =1,pj e PRt pdeppt the thickness of each )
indﬁg#auéwh?gsgﬁgpnﬂ ﬁhpg ﬁgke preferred enbodi nent, (1.1)
the total thickness of the recording layer lies with

the.ra e en Qut .5 .nmto about 100 n . .
't 48 SRR B bRt s R SR kR er G o Rughye g isposed in
nei @tﬁosafnelwglh@we bSthoSe bfthe mﬁaﬂﬁtigl@flaﬁé@@ﬁﬁc&pe.l to 10,

i.e. WD 2005/081256 PCT/ S&G005/000022 -9- tp. 0.1<

<10 tP} nk where Pjnk denotes a nei ghboring | ayer of

an ipdiyL £ WA .material and

t he%ﬂk%@s‘e %ﬁﬂﬁleﬁb’%cﬁu@éﬁeg{s qu;ﬁgeeifog,g' the data

recordi ng el enent 240 naybe forned of a
superlattice-like_structure with desired thernma

pr ofnsF e 1.dndBuePuekniRaki y witeabl e and erasable (1.2)
menory nmedi um of the present

in which the individual layers in the second multiple-layer structure may be formed
of respective same material as those of the first multiple-layer structure, but are

. disposed in a difference sequence as those of the first multiple-layer structure.

Each individual layer Pjn,, has a thickness of about 0.1 to 10 nm. In one preferred
embodiment, the individual layers have the same thickness. The total thickness of the

recording layer lies with the range between about 5 nm to about 500 nm, i.e.
n
p
S5nm< Jmi < 500 nm
i=1, =1

where . denotes the thickness of each individual layer.
1

In a more preferred embodiment, the total thickness of the recording layer lies with

the range between about 5 nm to about 100 nm. -

Alternatively, the ratio of the thickness of any two neighboring layers is in a range
of about 0.1 to 10, i.e.



i nvention. According to another enbodi ment of the

present invention, the plurality of nultiple-Iayer
waregosese of recording layers is of the formP@/BG2005/000022

P121 ..., PInm)1, (P21, P22, ..., P2n2)2, ..., (P I,

Pi2a ..., PPmn, P11 (2) ingwhich the synbols has the

sane neani ng as that under eXpression (1) above and

in addition, the plurality of multiple-Ilayer

structures further conprises a final individual |ayer

which is the sane as the individual layer P11 firstly

di sposed. According to one,enbodi nent of the present

i nvention, both the first ilngividual |ayer and the

final individual |ay e dmer l'ization speed

hi gher than that of g*hgﬁy ayerﬁg%rbthe

mul tiple-layer structure, have a crystallization

tenperature | ower than that /et¢ other |ayers of the

mul tipl e-layer structure. Preferably, the

crystallization tenperature of said first individua
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term"superlattice-like" is used to refer to the novel
structure adopted for the electrically witeable and
er aBghiagyingthemyatentad iandnthethickns4® o Heah i@ iddablayers, the data

PCT/ SG2005/,00002 -10 structure can. be prepared b
recgrding ¢lsmen?Wapeshe f%‘ﬁe% PF ¢ we&a%ﬂ%sgﬁw% wigh 9%5%{1158 thermal
L eRbEiRhly whHERRBR A Sratibib nitrforl BYeiuns bE HisthHERRt
p“%?ﬁgﬁgggﬁgﬁ%%%% f%yers. Suchra structd&e, however,
investyomot be limted or strictly fulfill the criteria of
a superlattice structure generally used in bandgap
engi neering in which the |ayer thickness is required
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exanpl e. electrically witeable and erasable
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defines a structure for the data recording el ement

with a focus on the electrical and thermal properties.

The il ;0| €P|ANEMPQP,5UREPLALL I GEPILIBGE . SIFURI Bre used  (2)
in the present 'invention iIs formed ih an aimto

i nprove the performance of the electrically witeable

and_erasab] e oy diumin . many _aspects, includi
g e A VG O R
in addition, the plurality of multiple-layer structures further comprises a final

individual layer which is the same as the individual layer P;; firstly disposed.

According to one embodiment of the present invention, both the first individual
layer and the final individual layer have a crystallization speed higher than that of other
layers of the multiple-layer structure, and have a crystallization temperature lower than
that of other layers of the multiple-layer structure. Preferably, the crystallization
temperature of said first individual layer and final individual layer is in a range of about 90
°C to 120 °C.

In the present invention, the term “superlattice-like” is used to refer to the novel

structure adopted for the electrically writeable and erasable memory medium. This



access tine, increasing device reliability, and
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Further, a barrier effect is generated between the individual layers of the multiple-
layer or superlattice-like structure of the data recording element, which assists to suppress
atomic diffusion, thus to reduce the mutual diffusion between the data recording element
and other part of the medium and to prevent signal deterioration afier many overwrite

cycles.

Fig. 3 shows a structure of data recording element 340 of a memory cell for an
electrically writeable and erasable memory medium according to another embodiment of

the present invention. The data recording element 340 comprises a first multiple-layer



and 342b. The third nmultiple-layer structure 343
conprises two individual |ayers 343a and 343b. The
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number j = 1).

The total thickness of the data recording element 340 is the addition of the
thickness of the ten individual layers 341a, 341b, 342a, 342b, 343a, 343b, 344a, 344b,
345a and 345b, which is 39 nm. The ratio of thickness of two neighboring layers (e.g.
layers 341a and 341b) is 5.2 / 2.6 = 2.0, and the ratio of thickness of other two neighboring
layers (e.g. layers 341b and 342a) is 2.6 / 5.2 =0.5.

Fig. 4 shows a structure of data recording element 440 of a memory cell for an
electrically writeable and erasable memory medium according to a further embodiment of

the present invention. In this embodiment, ten individual layers 441a, 441b, 442a, 442,
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the erasing current pulse can either be a single pulse or a chain of multi-pulses.

Fig. 6 shows the relationship between the pulse current and the resistance of the
memory medium according to the present invention. As shown in Fig. 6, when an
amplitude of a current applied to a memory medium reaches a certain level, the medium
will switch from amorphous state to crystalline state. To switch the state for a memory
medium according to the present invention, the pulse current only needs to have a width of

about 7ns, which is significantly lower than about 50 ns to 100 ns needed for a
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other layers of the multiple-layer structure. Preferably, the crystallization temperature of

said first individual layer and final individual layer is in a range of about 90 °C to 120 °C.

Fig. 8 shows an electrically writeable and erasable memory medium according to a
further embodiment of the present invention. In this embodiment, a memory cell 800 of
an electrically writeable and erasable memory medium comprises a substrate such as a
semiconductor wafer 810, a bottom electrode 820 and a top 830 formed on the substrate
810. A data recording element 840 is formed between the top and bottom electrodes 820
and 830 and surrounded with insulator 850. The bottom electrode 820 is formed adjacent
to, and with an edge 820a contacting, the data recording element 840. Under this



sem conductor wafer 810, a bottom el ectrode 820 and a

top 830 forned on the substrate 810. A data recording
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el ectrodes 820 and 830 and surrounded with insul ator

850. The bottom el ectrode 820,is formed adjacent to,

and with an edge 820a contacting, the data recording

el enent 840. Under this WO 2005/ 081256
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state and an anor phous state in response to an
el ectrical pulse, one of the plurality of individua
wo ays8126@vi ng at | east one atom c el enent whi BOT/862005/000022
absent fromother one of the plurality of individua
| ayers. 2. The data recordingsel ement as recited in
claiml1l, wherein the plurality of sequentially
di sposed i ndividual |ayers are disposed in a sane
CEApMsNce in at least two said nultiple-layer
structures. 3. The data recording elenent as recited
in claiml, wherein the plurality of sequentially
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5. The d I r di el e t.as recited in.claimil

her ei ' SRpRAS o p e e Bl Mt Bl Mol Gl vers, atteast
nul ti pl e-onayetheglitalitsfindiaid@at 1gers al@ich hindkpieI8yer Structure
The data recording elenment as recited in claiml1,

wher ei n 2§ipamgdontiagagerialsgpatioed ¢hangiag phasedhetwesncrystalline
rati o of ' I . t

10, 7. “rAER AR IniBnful AEDE BlpdREH al bl ong orthe
1, wher eiplurhlisy dfetidividudl leyenehsring attlbst ofkdtamicelomentighich is
el enent |@§ in_a range of about nmto, about 500 run.’

WO 2005/ @849 Foptathenss taspipeadity ofjigdiyiduphlayerss a

recording elenent as recited in claim7, wherein the
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crystalline state.
least two said multiple-layer structures.

4. The data recording element as recited in claim 1, wherein each individual layer has

a thickness in a range of about 0.1 nm to about 10 nm.

5. The data recording element as recited in claim 1, wherein all the individual layers

in each said multiple-layer structure have the same thickness.

6. The data recording element as recited in claim 1, wherein any two neighboring

individual layers have a ratio of thickness in a range of about 0.1 to about 10.

7. The data recording element as recited in claim 1, wherein the total thickness of the

data recording element is in a range of about 5 nm to about 500 nm.



11. The data recording elenment as recited in claim1,
wherein a resistance of said at |east one individual
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mul tiple-layer structures, said final individual
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dat defeS,TaSicBly, [aEBTE MeGeSn) BECE, Qﬂi SenSa, Sii Bi 4 Apherei n
the crystallization tenperature of said first
i ndi vidual layer and final individual layer is in a
10 aNg§eQhta r@&%ﬁh@ Brferdt 8 ;E%RC(%I c}??m ir%egéhgaldeﬁ ?eraglJ o'ﬁ% of the
el ement as reci n el aim conpri Si
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and - se%léﬁ%}%éﬂ g.},sﬁéﬁne upon X&a%e {east o muel%lp é- yer sl?ructures said final

individual layer being formed of the same material of a first individual layer of a

first multiple-layer structure of said laminated structure.

13.  The data recording element as recited in claim 12, wherein a crystallization speed
of said first individual layer and final individual layer is higher than that of other
layers of the multiple-layer structure, and a crystallization temperature of said first
individual layer and final individual layer is lower than that of other layers of the

multiple-layer structure.

14. The data recording element as recited in claim 13, wherein the crystallization
temperature of said first individual layer and final individual layer is in a range of
about 90 °C to 120 °C.

15.  The data recording element as recited in claim 12, further comprising an electrode

formed adjacent to the data recording element, an edge of the electrode contacting



| ayers, at |east one |ayer of the lamnated structure
bei ng nade of a material capable of changi ng phase

whedseensa crystalline state and an anor phous PGI/SGE05/M00022

16!

17!

18.

19.

20.

response to an electrical pulse,. 18. The data

recording elenent as recitedqyn claim17, wherein said
first and second external |ayers having a relatively

hi gh crystallization speed and | ow crystallization

t e”ﬂ%@été‘fe%ofdh@kl&{l@m' %) ﬁﬁﬂl‘gémhglél%ﬁﬁtcaﬂs?gna_@ﬁet%@é ¢ electrode
recordi ng el enent as recit In-claim 187 wherein the

cr yshéd e datet ieoordingenipmert ure of said first and second
external layers is in a range of about 90 Cto 120 C

20. A nenory cell for a witeable and erasable nenory

e diThEIGATBEoring Slemdt §yi%ité@fneo1aﬁﬂ 1, Si'he%iﬁ s#i8qMfhated structure
contacts fornmed on said substrate; a data recording

el edfemts & swperdaitibelibestimotaed first and second contacts,
said data recording elenment conprising a |am nated
structure of two or nore nultiple-layer structures,

eachh gh ectiding SlbRehtdWeh nnidt§ toll 6f £ QMlabR 44d Rasable memory
plurality of sequentially disposed individual |ayers,

at Ieediim eerepa¥ingai d i ndi vi dual |ayer in each

mul ti pl I ' terial

Chang. hiiitHELsRIhHE htliBe A3 ARl Sl ) «cBRRABEinf layer and o
anmor phou %hﬁal&y of iflernAEia @ SEnied batveeh @d fifse aid Qﬂdbﬁ(ﬁextemal
one of the plurality of individual |ayers

2005/ 081 3nsrspetieastono Byeoethe laminged mqﬁge&@mgé‘«a%de figematerial
t o )
ol ural i £ 0P ootk P pEM e A IR o@Binf ap airphons

el ect r odetateinresponast tacardecttieal galse,. r ecor di ng el enent ;

and an insulating material isolating said nenory cell
fromadjacent nenory cells. 21. An electrically

Wi t’[ﬁ@%hﬁ r@Jbﬁjdlﬁ @Eﬂ%@ﬁ'@ n@ﬂw GRRRGA §a{1&‘%r§ and second
plurality of ry cells an arrangenent

condexietal kysng d:llavmg atrelativély ﬂn@imrystdhkatlmpeed and low crystallization

temperature than the internal layers.

The data recording element as recited in claim 18, wherein the crystallization
temperature of said first and second external layers is in a range of about 90 °C to

120 °C.

A memory céll for a writeable and erasable memory medium comprising:

a substrate;

first and second contacts formed on said substrate;

a data recording element formed between said first and second contacts, said
data recording element comprising a laminated structure of two or more
multiple-layer structures, each said multiple-layer structure comprising a
plurality of sequentially disposed individual layers, at least one of said
individual layer in each multiple-layer structure being a material capable of
changing phase between a crystalline state and an amorphous state in

response to an electrical pulse, one of the plurality of individual layers



electrically addressable, each said nenory cell
conprising a substrate; first and second contacts

wo orosm8ii2emn sai d substrate; a data recordi ng el POERG2005/000022

22.

formed between, said first and second contacts, said
data recording el ement conprj §|ng a | am nat ed
structure of two or nore i pl e-1ayer structures,
each said nmultiple-Ilayer structure conprising a

pluralit maeltqg%?fwa%e %tdn?ﬁc @1&%%%&%9 aygeﬁyﬁtmldw&roﬁe of the

at | east one of said individ ['layer 1 n each
mul ti pl e plaglity of indirciiualdayses; ng a mat eri al capabl e of

h h bet tall t d
oo o fiehdfbuaie Sipduls Tuberdared B B ERRRF eloment; and
one of o MGuIRtiNY fi‘lhteh)ﬂ 1§$lat1%§a‘lél ﬂiéﬁtor% BNELSm dAebAndhory cells.

| east one atom c el enent Is absent from ot her
one of the pIurallty of |nd|V|duaI | ayers. a high

e oc G & t céa}llg( ook abqgﬁﬁé er;gﬁ cent dlf?g}e céqrﬁgltsmg a plurality of

I SO h?énhd}? cIf #hd"RRfMg&iRédt off &&mt@wrﬁﬁﬁaﬂtthﬁ%aa{ MefBhy Sell is
hod of producing a data recording el ement for

a n@lmtrgcaﬂjeaddroﬁsaldb&aph saidmgmonycell capdsiagd er asabl e

menory, the method conprising: depositing a
first %ﬁﬁ?ﬁ%?e | ayer structure on a substrate; said

mul ti pligt hiyRcondédntetsfoemedos b4l isttgtiafe; at | east tvvo
i ndi vidual |ayers, at |east_one of said individua

| ayer s g#p f@ogh%@l@megq fopraprhbotween saith fry iand sgsrad gontacts said
bet ween %l ta%é’o?& eldifen? ﬁﬂga B&R&tﬁresbtf%g oi‘ thore

response £ 3h ’]ﬁg r| Caf; ep03|?| ng one
nmore fur ﬁm&ﬁplm.lh}ter pﬂrmethlay,&:lacls taldt nm]m;ﬂs-lmr stadothre i chmpnsmg a

mul ti pl e- r struct etof rma mnate )
struct ur &lur %&V&fﬁ?ﬂ‘? Yrﬁi?ﬁoisiff’éld}"é layess, atdeast gue of said

conpr i si |
CoaPor s A AR i W el sbiSfchoind 2 BT capable of

i ndi vi duzhatigayeplmstbétmgeaa n@ts‘eihrml sta:tapnmamambrphhwnjata an
phase bet ween st al e st at 1 anor phqu
Blate i nirohseatelhiabpidis she af tfarual STRAMG tayers
having at least one atomic element which is absent from other one of the
plurality of individual layers.
a high temperature electrode formed adjacent the data recording element; and

an insulating material isolating said memory cell from adjacent memory cells.

A rﬁethod of producing a data recording element for a memory cell of electrically
writeable and erasable memory medium, the method comprising:
depositing a first multiple-layer structure on a substrate; said multiple-layer
structure consisting of at least two individual layers, at least one of said
individual layers being a material capable of changing phase between a
crystalline state and an amorphous state in response to an electrical pulse;
depositing one or more further multiple-layer structures on said first multiple-
layer structure to form a laminated structure, said further multiple-layer

structures comprising at least two individual layers, at least one of said



wherei n one individual |ayer of said first and further

multiple layer structures having at | east one atomc
web@spssswhi ch i s absent from anot her i ndi vi dur€T/SG2005/000022

| ayer. 23. The nmethod as recited in claim22, further

conprising depositing a finakgi.ndi vidual |ayer formned

of a sane material as a first individual |ayer of said

first nmultiple- layer structure. 24. The nethod as

recited iindieldabMagds belngaehdterddicdpdbls 5t cHRASink bA&e between a

i ndi vidual | ayers havrng arelatively hig

cryst al | ic5¥staltine sipteand aﬁampmboaﬁ §t§t%mlr¢8pan$edn an electrical pulse,

]E E??ﬁg?ﬁ&re oﬂe{]ﬁ@llvgcyéffa % of s ur Irs at?gefu;mg nauf g]% layer structures

r ecor di n(aeingrie ldastame atubhic @tbnidht Ghadhik aﬂsen’ﬁ"ﬁﬁﬁl%etﬂef‘ fhdividual
crystallization tenperature of said first and final

i ndi vi dud®ef-ayers is in a range of about 90 Cto 120
C. 26. A nethod of producing a nenory cell for a
witeable and erasable nenory nedi um conpri si ng:

23 depd¥e matigodoas recitad iatclang Ziﬁf\ﬁ‘tlieﬁbo %@%ﬁ)@ﬁﬁg% .final individual
i nsul ati n

deposi t first conta sald

ot GBPL{oTgd 965 58 APl o BEh Bl W wLdaser eF b st multiple-
adjﬁg@p&nﬁghg_frrst contact; sequentially depositing
two or nore nultiple-Ilayer structures to forma data
recording el enent, each said nultiple | ayer structure

T B i i
str H@rhh!g :; r&l@t‘ﬁ&y B@h@%&tzﬁﬁ&%ﬁ s{i&'d%ﬁ%w% ?akl)lllz’%ggﬁ temperature

changi n phase between a crys I ne st te an
am?@ﬂ@%@riﬁm@f the first puhBethevmattiplelayet stiucaire.pul se;
one of the plurality of individual |ayers having at

| east one atom c elenment which is absent from ot her

25.0neThé dith eeq@rdmglelemenois refiedvih QUn 24 %@feﬁl th@%&%duﬁ Ben
a second contact on said data recordi ng el ement’ c?

W0 Eowsraieens saipdrsicnd dwsl wdouduel layers is in a range of about 90 °Cto
120 °C.

26. A method of producing a memory cell for a writeable and erasable memory
medium, comprising:

depositing an insulating material on a substrate;

depositing a first contact on said insulating material;

depositing a high temperature electrode adjacent said first contact;

sequentially depositing two or more multiple-layer structures to form a data
recording element, each said multiple-layer structure comprising two or
more individual layers, at least one said individual layer in each said
multiple-layer structure being formed from a material capable of changing
phase between a crystalline state and an amorphous state in response to an
electrical pulse; one of the plurality of individual layers having at least one
atomic element which is absent from other one of the plurality of individual
layers.

depositing a second contact on said data recording element; and



-20 depositing further insulating material to isolate
said nenory cell from adjacent nenory cells. 27. The
woreiokosi2as recited in claim26, further conpriBCT§G2005/000022
depositing a final individual [|ayer forned of a sane
material as a first individuaf_|layer of said first
mul tiple- layer structure. 28. A nethod of witing and
erasing information to an electrically witeable and
er asablig)odRiR irtha dhtlBHME haeHA t 181 i nRinofEPRN Fom adjacent
cell s and anarrangenent of conductors such that each
menory céng¢mery cgllectrical |y addressabl e, each nenory
cell, conprising: a substrate; first and second
contacts forned on said substrate; a data recording
27¢l eneRimdths dBFrebitd BRI fifrihes torapHsife agitditRen @6 Sadividual
said data recording elenent having a | amnate

st r deten femstl of e\seme material apq first individugldayes of said firss squltiple-
eac ' |tiple-layer structure having a plurality
of Egéggn(géfly di sposed individual |ayers, at |east

. one of: said individual layers in each nmultiple-Iayer
structure bein% a phase-change _naterial capabl e of

28¢ harymsthodref yeiting and srasingdplpgsiation tpcansqleqtacallygvfgable and

anor, I b ' I

one AR ot mpddilf BRARE & ph iR oP Rl Gl B B Byrangoment

| easf caminctirosioh thiteasnimembiycdell is ekbaieally hddressabieeach memory
. one of the plurality of individual l|ayers.; and a high

t enmyEY- §PPESBEect rode fornmed adj acent the data

recordj geghsghement; the nmethod including: applying an

energy pulse to said data recording el enent via said

hi gh fisshped secondcaitats foorled os siid sabsratpy pul se

phase taAgore FemerD BTkl S8 Brst A soomad sontag,sad

.an  anor phfugcdims@lement having a laminated structure of tow or more

multiple-layer structures, each said multiple-layer structure having a
plurality of sequentially disposed individual layers, at least one of said
individual layers in each multiple-layer structure being a phase-change
material capable of changing phase between a crystalline state and an
amorphous state in response to an electrical pulse, one of the plurality of
individual layers having at least one atomic element which is absent from
other one of the plurality of individual layers.; and

a high temperature electrode formed adjacent the data recording element;

the method including:

applying an energy pulse to said data recording element via said high
temperature electrode, said energy pulse supplying sufficient energy to
change said phase-change material between a crystalline phase and an

amorphous phase.

29.  The method as recited in claim 28, wherein said energy pulse is a single pulse.



29. The nethod as recited in claim28, wherein said
energy pulse is a single pulse. WO 2005/ 081256
wEaDs5882805/ 000022 -21 30. The nethod as r ecPCEEGR005/000022
claim 28, wherein said energy pulse is a chain of
mul ti- pul ses. 31. The nethogias recited in claim 28,
wherein said energy pul se has a duration of |ess than
about 50 ns for data witing. 32. The nethod as
30r eciTihednéthod-dsaecitetiCin claiarXs] whewinlsLd eiidyy pubsR altRSinfof multi-
duratjon of not nore than 7 ns for data writing. 33.
ThePHEfhod as recited in claim28, wherein said
ener gy- pul se has a duration of Iess than about 50 ns
for data erasing. 34. The nethod as recited in claim
3132, Thherathod ssakcitedrinchym@8] wheteissatd ensrgy pulse Ifs atiation of less

nmore t han about . 1Q ns r data erasin
than a%out ?0 ns for gata wrfh%g g

32.  The method as recited in claim 30, wherein said energy pulse has a duration of not

more than 7 ns for data writing,

33.  The method as recited in claim 28, wherein said energy pulse has a duration of less

than about 50 ns for data erasing,

34. The method as recited in claim 32, wherein said energy pulse has a duration of not

more than about 10 ns for data erasing.



