WO 2005/ 081256 PCT/ SG005/ 000022 -1 ELECTRI CALLY WRI TEABLE AND ERASABLE
MEMORY MEDI UM FI ELD OF THE | NVENTI ON The present invention relates to a
solid state data storage nedium |In particular, it relates to an
electrically witeable and erasable solid state nmenory nmedi um  BACKGROUND
OF THE | NVENI®D &siisizsveet t he demand of the data storage raveRgaoesypoowari ous
types of nedia are developed for data storage purposes, which include
magneti ¢ storage devices such as hard ditscs and fl oppy discs; optical
storage discs such as CD-ROVMs, CD-Rs, CD-RW; as well as solid state
menory devi ces, such as RAMs, ROMs, flash nenories, dynam c random access
menori es ( DRAVEBLECERECAREY YWRIHEABIG, adND ERA SATHIE MY ORY MR Mandom
access nmenory (CRAM is one type of the solid state nenory which is
electrically witeable and erasable. A C RAMis an inexpensive,

non-vol at i | FINEHOY TEE/INCENKTHONIi s virtual ly inpervious to radiation
damage or hostile electronic interrogation, and therefore has conmerci al
potential as a menory product for conputing and data storage field, with
applications rangs mescht mrensiorrdlatepplal salid etateaiad sctesdé inpydite@NIasicalat, gt Nnew

ki nds of consuner products. A conventiopal type of C-RAM.device is

di scl osed iW,?at‘T‘S&P agfffﬁtﬁ‘f’@fy“@ge%i? Yiera ?@f%}%@e F”seg’tff@/om%%s hi nsky et al,
as shown in Fig. 1. This type of CRAM device conprises a single crystal
silicon seniconductor wafer 10 as a substrate, a nenory nmaterial 36 of a

si ngl e phasBASHSGHEOUNE &F THEJSVEET¥ YN ned on the substrate, a first

spacedl y di sposed contact 6 adjoining the volunme of nmenory material 36, and
a second spacedly di s&osed contact 8A adjoining the volunme of nenory
material 36. Oneldmegtils jeayand ghthgdats sioragefieduerRAMIPusIyRes of Madjadet a is its

phase- Chang@ev@f&i)!e& Fo¥ datg%%%urﬁaﬂ%s,aﬂl‘%}ﬁ’ H3te ﬁﬁgﬁcﬁﬁc%garg% G@Yi%@eﬁéﬂs' Ui state
when an external energy Is appfied, such as an electrical current. |In the
dat a- wr i t i ngjsqsrand dloppy disasi epjiciiotanpas dafes pirlige CERBAYE, (D0 0X)-BEIs2 Bowell

PCT/ SG2005/ &%993 gtate memory devices, such as RAMs, ROMs, flash memories, dynamic random

access memories (DRAMs).

Developed in the 1970s, the chalcogenide-based random access memory (C-RAM)
is one type of the solid state memory which is electrically writeable and erasable. A C-
RAM is an inexpensive, non-volatile memory device that is virtually impervious to
radiation damage or hostile electronic interrogation, and therefore has commercial
potential as a memory product for computing and data storage ficld, 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



-2 medium of the CG-RAM nenory elenent is nelted by being heated with
sufficient electrical energy to a tenperature above its nelting point, and
rapidly cooled to room tenperature to formthe general anorphous state. In
t he data-erasing process, the phase- change nmediumis annealed at a

t enper at ur e Wetmeen2ishe crystal lizing tenperature and trET/SGéMSIMNY2Pp0I Nt to
formthe crystalline state. One of the inportant criteria to access the
phase-change ability is the data-transfep. rate which is dependent on the
attainable crystallization speed fromthe anorphous state to the
crystalline state. Studies have shown that for the type of C RAM device

di scl osed immﬂﬁmeOEMsﬁﬁhﬁkymsn@awhnﬁmt$nkﬁbﬁbyb@ngb@ﬂﬂh@ﬁeuﬁh@mphase-change
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current pasgﬁﬁugkﬂﬁﬁhh@nﬁqﬁdﬁ@mﬁﬁb@ﬁ@h a case, the annrphous regi ons from
the previous recording cannot be conpletely, recrystallized during the

data writing process. This causes data-recording distortion and a high

llevel of noise. _@ﬁ@oﬁﬁpmﬁ&ﬁn@&wﬂm %@e%@s th@ﬁlééefc %5 aﬁlﬁzﬁé tHe Ah@ trafffer
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on the switching 'S evi Ces. ere ore a to
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PCT/ SG2005/ agatifiZation speed is not high enough to match the speed with which the electrical
current passes over the medium. In such a case, the amorphous regions from the previous
recording cannot be completely recrystallized during the data writing process. This causes

data-recording distortion and a high level of noise.

One approach to increase the data transfer rate, or switching speed in C-RAM
device is the adoption of stoichiometic compound phase-change materials as the memory
material. Materials 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;SbyTey or GeSb;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.



-3- SUWARY OF THE INVENTION It is an object of the present invention to
provide an electrically witeable and erasable nenory nedium for data
storage, which has a significantly reduced access tine than that existing
in the prior technology. In accordance with a first aspect of the present

i nvention, thee@shs2yprovided a data recording el enment froT/s&Gosmoneg2 cel | of
a witeable and erasable nenory nedium The data recording elenent has a

| am nated structure of two or nore nultiple-layer structures. Each said
mul tiple-layer structure conprises a plurality of sequentially disposed

i ndi vidual |layers. At |east one of the plurality of individual |ayers in
each mul ti plSEUNBRARY O THEUNVENTIONr red of a material capabl e of changing
phase between a crystalline state and an anorphous state in response to an
el ectrical pulse. One of the plurality of individual |ayers is made of a
mat eri al havi ng Htis drostsdct mepfe@éﬁtmwehtmmaprmfa@h eieﬁhﬁb@y&ﬂhteﬁfﬂ@ﬁihcbt her one
of the plurality of indivij ? élIfiayers F Lru yer structure | ower s
o heat "ai 1 TGP gredis R e s ‘o By e can HEFTY5Pda8ess BIE to the
heat di ffusm@ﬂm@mg@gqﬁg@@@gt@még ngly, phase change time of the
respective individual layers is shortened hence a high data transfer rate

can be obtained. Preferably, the plurality of sequentially disposed

i ndi vidual | ayer§, REQdshcs RIS &Lkt hspdchEr tﬁ@ﬁ‘é‘seﬁ?ﬂ%’&ﬂfbﬁ fnBre® phGRSd 2 fpp sai d
mul tiple-layer structures. terna}tjlve plurality of sequentially

di sposed i nmcvr@wiem@y@agwmp@b@fwte@hk @dmrasa@p@wmos'seap@@ﬁ@e Tha at
| east two sgid Yl g@l&nén@){%r a i%ﬁﬁé@éd%ﬁﬁ < RE RELEARLY nﬁ]dg%tﬁ%@iéé@.l layer

has a thi ckness I'n range of about nmto about 1
pref er abl y, Eagh satdheulttpﬂmlwedetalcuhay@ngishm/ﬂuxaﬁ@ cs"amenmibmémged individual

ranges. 1 rom™ ot b b ot BALTSF R M8 sPhuh Bt 1 R 032 . 4
Pr ef er abl y, firined b abtetidlicepabdss’ chingitpsphiasedichi@dualcrystylerestatsandana r ange of
about 5 nm gzgorphous state in response to an electrical pulse. . One of the plurality of individual

layers is made of a material having at least one atomic element which is absent from other

one of the plurality of individual layers. The multiple-layer structure lowers a heat

diffusion out of the data recording element. Energy loss due to the heat diffusion is

reduced and accordingly, phase change time of the respective individual layers is

shortened hence a high data transfer rate can be obtained.

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 (.1 nm to

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

Alternatively, the ratio of thickuess of any two of the individual laysrs ranges from
about 0.1 to about 10.



about 500 rimand nore preferably, the total thickness of the individual
layers is in a range of about 5 rimto 100 nm Preferably, the resistance
of said at |least one individual layer in the crystalline state is |ower
than that in the anorphous state. In accordance with a second aspect of the
present i nvewo pmsysitdaere is provided a nenory cell for ran/sehesnowzal |y
writeable and erasable nenory nediumas well as a nenory nedi umthereof,
the menory cell conprises a data recordipg |ayer, wherein the data
recording layer fornms a superlattice-like structure. Preferably, the
thermal conductivity of the superlattice-like structure is reduced by

varyi ng at | east Pedfiatdf, thdiotat drigkamssstdf tivahdingtgrialsSs it fangeqpabbatstring &

period and the ickness of the structure. |n accordance with a third
aspect of tﬂgmﬁrsé@@ﬁtan W@Wﬁe%ﬁa%%ﬁ@r%@ta ICEP%Q‘&S/Pg@B H%QWIMWB‘S&%*BW@WG ng a
dat a recor diggghsk eaenb 16®ama nmenory cell of electrically witeable and

erasabl e nenory nedium The nethod conprises depositing a first
mul tiple-layer structure on a substrate and depositing one or nore further

nul tiple-layer SPrgiu,ese @staddl o shill bbfasibhd fnBlvRubBMed 115tk Y kdl1Be b@tef Orm a
| am nated structure. Said first or further nultiple-layer structure has at

| east two i Adfioviediha thptd) dreemaogphqus sote- one of said individual |ayers is
formed of a material capable of changing phase between a crystalline state
and an anorphous state in response to an electrical pulse, and one

i ndi vi dual | ayer Ivi ascapdatee vitha seepadaspest offtbapmgpntinvérdinst thereds provideda el ement
which is ab Fnd) v I I jting a
first or fu?lfeﬁ{gﬁ %ﬁ@%oﬁté&%cfgfq}gﬁ%%? gl%lg%g Ilrjldrégify%sl%%%%e{ﬁ% grgr]??s;é deposi ting
a first i ndimehchainediaydreraff, the fienety crdltcemipabes anidiaoperding taye whereinhee
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1 is an enlarged cross sectional view of a prior art electrically witeable
and  erasabl e neﬁ‘%f@Yabgr?gnieL%ﬁ%rmai conductivity of the superlattice-like structure is reduced by

varying at least one of the compositional materials, the superlattice period and the

thickness of the structure. -

In accordance with a third aspect of the present invention, there is provided a
method of producing a data recording element for a memory cell of electrically writcable
and erasable memory medium. The method comprises depositing 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 Ieast 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.



Fig. 2Ais a schematic diagram show ng an electrically witeable and
erasable nenory nedium according to the present invention; Fig. 2B is an
enl arged cross sectional view of a nmenory cell of the electrically
writeabl e and erasabl e nenory medi um accordi ng to one enbodi nent of the
present i nwamtdoomizdi 9. 3 is an enl arged cross secti onalcrwicewsofooz dat a
recording el enment of a nenory cell for an electrically witeable and
erasabl e nenory medi um according to another enbodi nent of the present
invention; Fig. 4 is an enlarged cross sectional view of a data recording
el ement of a nenory cell for an electrically witeable and erasabl e nenory
medi um accoBRIEF DESCGRIBFINOF BHEGRAWINGY the present invention; Fig. 5A
is a graph showi ng an experinmental curve of the wite-erase properties of

t he nenory nmedi um according to the present invention; Fig. 5B is an

osci | | oscope scrggni By dnfthlasded \Wkd3g s tipn] SRwCHTalpSiE ar€ eleMecallylvritentde ghat a-
writing process of the nmepgory nedi um according to the present invention;
Fig. 6 is a%jf EHOWI MYt e resi stance agai nst pul se current of the
menory medi um according to the present invention. Fig. 7 is a flow chart
showi ng a nethod_of producing, a nmenory cell for a witeable and erasable
menory nedi um ackigr ¥ i whemills dizssaye ghoving athelpamcally vaiteablexpd srao8ios6

PCT/ SG2005/ QROOR2 e difim kb &rdifle kotna g@&ﬁgg%mﬁ&pss sectional view of a nenory
cell of the electrically mwi%eablg and erasabl e nenory nedi um according to
a further enbodi nent of the present invention. DETAILED DESCRI PTION OF THE
PREFERRED ENMBCDI . ' ' . 00 of an
electrically wwi:1ggfgégﬁﬁﬂﬂﬁgggg%F%Q%gﬁgévﬂﬁg3%§ﬁ¥g8g§%3%¥%%ﬁ%&%@ one
enbodi nent wtitdzhle apd esebic mevenmiainm ewopiingte onacsdbmedtof tteyoseas a

sem conduct Qr fer 210, a first contact 220 and a second contact 230
formed on the sUBstrate 210. A data recordi ng el ement 240 is fornmed between

Fig. 3 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 another

embodiment of the present invention;

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



the first and the second contacts 220 and 230, and an insulating materi al
250 is provided for isolating the nmenory cell fromother cells. A high
tenperature el ectrode 225 is forned adjacent the data recordi ng el enent
240. In the menory medium 20, there are fornmed an array of two-dinensional
or three-di vemsiogmabssnmenory cells 200, The data recordi rgraicementio240
conprises a plurality of multiple-layer structures 242, 244, and each

mul tiple-layer structure 242, 244 conpriges at |east two sequentially

di sposed individual |ayers 242a, 242b and 244a, 244b, respectively. The

i ndi vidual layers in each nultiple-layer structure 242, 244, i.e.

i ndi vi dual | ayer §1g2&25aapa:da12ﬁc%bsecammi fzxawmfd meforg célf @‘i‘tbtmlemmflﬁyw\ait@bleand at
| east one of d|V|duaI ers 242b | for phas change
mmreri ol WishSFspBRPhE e dut FePufie Radbvicd Ploodmisttel St mioR

| ayers 242a, 242b and 244a, 244b, etc |t |ncludes a situation mhere at

| east one o&‘ e |nd V|dual | ayers a material having at |east
one atomc Rlé’ AQ5AF Tﬁ%WFﬁW%%@WWN%l vi dual

| ayers. The phase-change material may be one or nDre selected from the

group of elenents or alééys i ncludi ng Ge, Te, Ag, CeTe, SbTe, A |n
GeShTe, Agl nShTAs s igsT@Samd ZEe%eeEomcﬁ%B%of avee@gwaliywnteeblea ]

Sn, Si, B gntyAmembiRUiss Qofa&%rdlﬁgjﬂ%hg &;f’ﬂéﬁ‘{ o%ﬂfe“p:}@seﬁmv%ﬁélb in the

second mul tiple-layer "structure 244 orne he respective sane
mat eri al as CompHSEs 8 eld:ls*rhfaysmhsaszﬂaﬁlaicanfhlcm mafer Rh0.arfesteabiocti 238 mnd 2 sdgendat

| east one of,Lhe pd Hiaka BX uﬂ)stﬁgfe\ﬁ'l ﬁ ugl g, aargéaorr&lpg %Ieﬂqgﬁtpﬂé' % ﬁ)ﬂﬂécﬂbett@ge

crystalline state to provi e cry i he cores ase é%ange
time of thethedsgand thﬂ@ecmxdlcvnmtam(l atyléﬁé anfandgmeotatieg nmtvbeldlmemprpvmibce at

| east one o 0 0 022 -7 ural of
i ndi vi dual F%fg@mn ggngg%g gg@e in eggégg?gﬁﬁnﬁgegf%‘K?Q%%¥%h is | ower
than that ﬁnmb@eﬁannt@bdﬂsramahm;d@nmmﬂeoemmmdmmmngnnmhmnﬂonhﬁeamdlV|dua
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and 244b in each nultiple-layer structure .are.-forned of another type of
material , such a’fhe%ea%-a? feccl)rrc.{int bae?ncgt 4%(%;01[;1e plges al ?Erlal\l“ % gllultl ?e gr elzsgggmleg or med
of Sb2Te3, has g p plurality ple-lay
242, 244, and each multiple-layer structure 242, 244 comprises at least two sequentially
.disposed individual layers 242a, 242b and 244a, 244b, respectively. The individual layers
‘in each multiple-layer structure 242, 244, i.e. individual layers 242a and 242b, are formed
of different materials, and at least one of the individual layers 242a or 242b is formed of
phase-change material. When referring to different materials forming the individual Jayers
242a, 242b and 244a, 244b, elc, it includes a situation where at least one of the individual
layers is made of a material 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, Aghi, GeSbTe,
AgnSbTe, 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



the atomc el enment Sb which is absent fromthe material GeTe form ng
anot her individual |ayer 242b. According to one enbodi nent of the present
invention, the plurality of multiple- |layer structures and the individual
| ayers thereof fulfill the formaccording to the follow ng expression:
(P-1 1, Pl2woasnofissl) 1, (P21, P22, ..., P2nR)2, ..., (HepkG285200022 .,
Pim)n, (1) where m denotes the nunber of layers in each multiple-Iayer
structure and m>_ 2; n denotes the total nunber of nultiple-Iayer
structure of layers and n 2; j denotes the multiple-layer structure
sequence nunber and j > 1; Pj1, P2, ..., PPm denote different candi date
of materi al $1ur411?y af in@fvRival laye;rs Ejsmrés;gﬂzmne)trﬁhc aryetaliink tiagel whichjsdowattharct ur e of
t he recordi nl%;; alt?;’/1 ']I;he gae(\ mul tiple-layer structure sequence number”
in this cont&%IPREBPERYE sie.sequence that the respective individual |ayers
in one nultiple-layer structure are d| sposed V\D 2005/ 051256
PCT/ S&005/ 000022 -8 For, exanpl e i j t he
mul ti pl e- | ayer s@r‘ﬁ’@temb@d’fﬂsmbﬁhf’tfﬁétm‘?lﬁfiﬁql I%Yprff‘uwzi 2%&3168@1&5111*:1131? taml Pi e,
Pia, P14)2, sfdotdd arel iBroddi 3nt ebﬂﬂ!&iﬁﬂiﬁg Uakh b%‘l‘@g, b B SocBRE PR idual
nmul tiple-layer structure are u?ﬁé ( in the sanme sequence as those of the
riay

first nulti pivesP4ziesndsiddhén @ﬁcbm erstrpctuterge fogned pf anothaytape @ft ructure i s
of the for mmaFeE %11 suchu8 Geﬁqé:sIn lP Qs%om ﬁtlmd vgd?ual aég‘f 2452@)1%16(1(0% Sg)l"gg 'h'fa whi Ch

t he i ndi vi dua ayers in the second mu r structure ne

of res pect i Vi adrawve clvmieet Stawhigh isdregie from thmatﬁl‘wlﬁeTrmbmlm anottey mdnsqluahct ur e,
but are § ? |n a difference sequence as those of the first

mul ti pl e-1ayer ructure. Each individual layer Pjm has a thickness of
about 0.1 to 10 rim In one preferred enbodinent, the individual |ayers

have the same t hj&%c‘%?cﬁng to J;lg%mtbo&men% oq'ltl(l:ekpr}gssérslt 1?1ver1tt1rc])n the plurality of multiple-

layer structures and the individual layers thereof fulfill the form according to the following

expression:
(P11, Przs s P s (Par, Pozy ooy Py ), <oy (Pjts Pizs o5 Piinns 1 -
where
m; denotes the number of layers in each multiple-layer structure and m; 2 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 2 1;
Pjt, Pj2, « -, Pim, denote different candidate of materials;
(Pj1, P2, -, Pym) 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.



recording layer lies with the range between about 5 rimto about 500 nm
i.e. n 5nni<_ ttPim <500 rim i=1, j=1 where tpjm denotes the

t hi ckness of each individual layer. In a nore preferred enbodi nent, the
total thickness of the recording layer lies with the range between about 5
nm to about wW@®osms1256Al ternatively, the ratio of the thirkreEsgsofooany two
nei ghboring layers is in a range of about 0.1 to 10, i.e. WO 2005/081256
PCT/ SG2005/ 000022 -9 0.1 < < 10 tPjnk_gwhere Pjnk denotes a nei ghboring

| ayer of an individual layer Pjm By varying the material and the thickness
of the individual layers, the data recording el enent 240 maybe forned of a
super | at ti céof eteenpdd, given ux € 4wt n = sitrer fl=t1h e mailiiplplaypestiuc e if of the he
electrically. witeable and erasabl e nenory nedi um of the present

invention. A¥Ebrding to another enbodiment of the present invention, the
plurality of nultiple-layer structure of recording layers is of the form

(Pl 1, P12, ..., Pinl)l, (P21, P2, ..., P2m2)2, ..., (P 1, P2, ..

Pim)n, P11 (2) ﬂgb ’%H’éﬁhﬂgynﬁﬁf%%ﬁh 2t he sanme neani ng as that Grider
expression (1) above and in addition, the plurality of nultiple-Iayer
structures further conprises a final individual |ayer which is the same as
t he i ndi vi dual |ay‘éhlclg§1$ ipdryidual Jaygisdp G second npudtinetiaver stgcirereditrsgthint  of

the present invepkisohs sQetdic bidobd SiShe iffinyiidtahyd: @¥&knand the final
i ndi vidual |ayer have a crystallization speed higher than that of other

| ayers of the nmultiple-layer structure, and have a crystallization

temperature | oneruban, b le OSEuALS & Al ke Ml L1 ple-layer

structure. Prefera e crysta zat1 on

(P11, P12, P13, Pia)1, (P21, Pao, Pos, Pas)a, : (1.2)

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 iji 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.

13

2
Snmg | A Sjmy < 500 nm
I > ]

where P denotes the thickness of each individual layer.

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.



tenperature of said first individual |layer and final individual layer is in
a range of about 90 Cto 120 C. In the present invention, the term
"superlattice-like" is used to refer to the novel structure adopted for
the electrically witeable and erasable nenory nmedium This WO 2005/ 081256
PCT/ SG2005/ apa@d2ns1240 structure can be prepared by alt exnacizmendemosi ti on
of two or nore layers so as to form periodically repeating nmultiple-Ilayer
structures of phase-change |ayers. Such a structure, however, may not be
limted or strictly fulfill the criteria of a superlattice structure
general ly used in bandgap engineering in which the |ayer thickness is
required to be smaller than the carrier's Bohr radius, for exanple. An
electrically witeable and erasable nenory medi um according to the present
invention defines a structure for the gata recording element with a focus
on the electrical and thermal properti é}wThe mul ti pl e-1ayer or

superl attice-like structure usedOihfghemﬁ#eséhQOinvention is forned in an.
to inprove the perfornance of the elecgrically witeable and erasabl e
menory nediumin many aspects, includizgﬁ%ncreasing swi t chi ng speed,
reducing the access tine, increasing device reliability, and reducing the
programming current. In the present invention, the nultiple-Ilayer or
superlattice-like structure, bejng made of materjals ith different atomc
el enents or conpB&§e ?@méefﬁéﬁﬁ\%@éﬁﬂ?%@%%ﬁof Hdpdiviual layesyier s,  contri butes
mainly to the reduction of thermal conductivity between the individual

| ayers, and the reduction of heat diffusion out of the data recording

el enent. As a r eBuldrying fie mdtemb exdiho iecimesefthatedicanaldaeyesh tretdataed, whi ch .

| eads to a redyction o e phase ch e i.ne.to | evel..si gnifi |y
shorter th a‘i‘?c?lﬁg’tg eﬁﬁ@ﬁflﬁ%%g??%ea@??“d@%nﬂ%%?&%%ﬁ? ﬁ%ucé"gg P’Vétgsdé’gmg fth%rﬁjg {

i n-pl ane angtopérissStopiharchialyiitestde duiérhsableynentidre nfedatn cfithd pstcan from t he
data recording element to the other part of the medium can be sl owed down.
As a resul t'™VERE™ progranmi ng current can be significantly reduced. The
phase transition tenperature and the activation energy can al so be

adj usted, thus the recr%stallization tinme, can be shortened. Further, a

barrier effect i4°cgEhes RreBeherdmbodinanhat aares i darroly Be@ B RE nul ti pl e-

multiple-layer structure of recording layers is of the form
@11, Pizs - Prmts @1, P2z, oo Pomg)as o5 (Pits Pz -+ 0s Pirndns P (2)

in which the symbols has the same meaning as that under expression (1) above and
in addition, the plurality of multiple-layer structures further comprises a final

individual layer which is the same as the individual layer Py; firstly disposed,

According to one embodiment of the present invention, both the first individual
layer and the final individual Iayer 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 elecirically writeable and erasable memory medium. This



| ayer or superlattice-like structure of the data recordi ng el enent, which
assists to suppress atomc diffusion, thus to reduce the mutual diffusion
bet ween the data recording elenment and other part of the nediumand to
prevent signal deterioration after many overwite cycles. Fig. 3 shows a
struct ure ofwaamsosiesordi ng el ement 340 of a nmenory cel IpcireG@R000022
electrically witeable and erasabl e nenory medi um accordi ng to anot her
enbodi ment of the present invention. Thg data recording el ement 340
conprises a first multiple-layer WO 2005/ 081256 PCT/ S&005/000022 -11
structure 341, a second nultiple-layer structure 342 di sposed on the first
mul ti pl e- | agencturs caied pregn @iy alerdative dbporitien @ teroloayere Byarust asrte fi8h3

di sposed on the.second nulti,pl e-l1ayer structure, 342, a fourth nmultiple
ayor -t r acPH S e RaR R Shri diheeraie e Uk tefibe aS
and a fifthhowbick ph8rdodyelimabd bichivie D i SPesas aGapdrhaict etmidifie

mul tiple-layer _structure 344. The flrséﬂ_ mfl tiple, layer st r,ueﬁ&uge 341
conpri ses t wPSEHUST anqdggn epginesnng i Whighythedayisr thighacss &GaTeHiP £F pl e- | ayer
structure 342.0p MhiRest4e Bt Ul eladd. SABédaricARSvrdadlb anliRgushtht r d

mul tiple-layer structure 343 conprises two_individual |ayers 343a and
343b. The f B&HOK Bedivmgceatliag & the progent invantimlegaess sreelare igothe daidvi dual

| ayers 344a : - khe fd ik HEe 345 conprises two
i ndi vi dual r%?@‘%“sg% ‘%ﬁl?"é“?ﬁ“ﬁa%ﬁ%@?@hﬂé"%ﬁf%Iﬁé“?%ff“%‘u%?ﬁ‘f*ﬁifrs 341a, 341b,

342a, 342b, 343a, 343b, 344a, 344b, 345a and 345b are alternately disposed
as shown in Fig. ONE L atml ' L.odi vi -l ayers
341 e, 3aza, 343 HBRAARRSELERARARR uahihotd fnthe plolB K ANER 2 2V
forned of Shfediramcimae hmprave the parifaiaesidic edpoinallp w2itaahle aiitherasabioond

individual |ayers  341b. 342b %4%[30,111%44 nd 34 2 mul ti pl e-1ayer

. of eacl i
structure aIrné3 g?rpreed ofmeglf’léasgﬁ i eac " Iggregsn%%wé%ﬁlggép 663? 1 1(1)‘3111 g%EG nm It

can be apprecksttmtk, irhatasing déhie reldbdidy,ran redsbimgihd progrngmiigs curfest. fattenet er s

referred to_in expression %i above .hav_.&ge follow ng values: .the .nunmber
of il i pl c2eRpEIRegRy BF ol by PG s SRR B e A et it ur o
conpri ses. t with idfithrasi dtédlic tlaedtsoldongositiths betwgen 1 dackeirdheduanidiysts,dual | ayers
in each nmultiple-layer structure are disposed in {)he o

coniributes mainly to the reduction of thermal conductivity between the individual layers,

and the reduction of heat diffusion out of the data recording element. As a resuli, the

temperature rise time can be shortened, which leads to a reduction of the phase change

time to a level significantly shorter than that of the prior art C-RAMs. With the decrease

of the in-plane and cross-plane thermal conductivity, the heat diffusion from the data

récording element {o the other part of the medium can be slowed down. As aresult, the

programming current can be significantly rednced. The phase transition temperature and

the activation energy can also be adjusted, thus the recrystallization time can be shortened.

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 after 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 cormprises a first multiple-layer



sanme sequence (i.e. a GeTe on top of a Sb2Te3 layer, the nultiple-Ilayer
structure sequence nunberj = 1). The total thickness of the data recording
el enent 340 is the addition of the thickness of the ten individual |ayers
341a, 341b, 342a, 342b, 343a, 343b, 344a, 344b, 345a and 345b, which is 39
nm The rat mm afstshesskness of two nei ghboring | ayers (e.rgrschagess234la and
341b) is 5.2/ 2.6 = 2.0, and the ratio of thickness of other two

nei ghboring |layers (e.g. layers 341b ang .342a) is 2.6 / 5.2 = 0.5. Fig. 4
shows a structure of data recording el enent 440 of a nenory cell for an
electrically witeable and erasabl e nenory nedi um according to a further
enbodi ment  eductlr®i®41p aes@nd niuftipdd talyersirudtnret 3412 slispoded di tienfirst meltipleraeyi dual

| ayers 441a, 441b, 442a,. 442b WO 2005/ 0 6 PCT/ SG2005/ 000022 . -12 443a,
443b, 444a, SHEHEE 3%4%%“5@&8“‘%&%%?? éfr%ﬁ%‘FSS%%%éwg%?%%é%C&n @U@*wiw?rn Fi g.
4. A final ghpdiy 3y alfodraysiligRfayes sitlicaROSLdigdsé0dh @E tiflemhitgieviydral | ayer

445b. In one specific _exanple, the first indiyidual |ayers 44#@26, 442a,
443a, 444a, SERBTAXER awt 2 BHR muiinle-laypestruptyseaids dispered gp dhelorrth BRHBI-18Y Sh2 Te 3

and each hagankhiek nﬁx%sﬁrﬁfmlﬁgg%bﬁlay%r Srndfre INLoSHEDwo it Ml Ydbrs3AVET S
441b, 442b, 443b, 444b, and 445b of each nultiple-layer structure are

fornmed of Cewel4dhdlheaseterdanitplefavekweisanai4Zaopinise rgo mdividad dayeisAdta | ayer
490 is for ﬂigr&id 25 ﬁta%ﬂ}?c@maﬂglélagergn&{%isamﬂmse@wﬁmﬁi&am%angana s the
at o I dua oul d

sanme as th the first rndi llayer 44la. 1t s e appreciated
that this ebdfbdTnefhttleoutpdpbydstuduteddd comprisss treindivadrel byps eékiana ( 2)
above, and t ot.al L ckne o di I ow t hat

t he data reg%%d?%egﬁ@f %IHI%IE’#G O?e%?fuﬁ@ﬂﬁrg%g?g%rgﬁi?g?l S ‘c%%’gﬁ‘ﬁ gla&‘%g%%ﬁ\ﬁlgrti ng
phases bet wasih. dhy smahdividealdsyatse34dnd4abndrph Gdah, Sttt 845 3rds 3y 843amndn

el ectrical se | ess .t han.about 10.ns, [in either a data witing process

or a data e?%é’i aﬁegﬁ{eB}agei%@gPosﬁ? o 5%8%(“ é‘ﬁ%’\%/? %Olé%(sﬁg?lﬁﬁﬁ’h%ﬁe’?%%# of an

el ectrical fdlvidiaBlppdrs 8t af D422, ISaEMa, s ditnofaadonditipl-hyerctrectamiaadi nent  of

the present i nvention, which demgnstrates, th t dat a r.ecor.di el enent

i s convert e@@?‘g%{%a'g%*taﬁfl F?Cﬁ‘é‘aﬁ‘ ‘a‘”ﬁ‘?tog a%%?éﬁ’é‘h rslﬁ%et sgpend 1H81V1d8§1g%’ﬁ§se to a

7 us pul se wigt oef 348, M4b! Al 4SH bF €dh mudtide-laSerGanvard L6 fdrmedof eTeumar phous
-each has a thickness of about 2.6 nm. :

1t can be appreciated that in the embodiment shown in Fig. 3, the pafameters
referred to in expression (1) above have the following values: the number of multiple-layer
structure is 5 (i.e. n=5); each multiple-layer structure comprises two individual layers (i.c.
m; =2). Since the individual layers in each multiple-layer structure are disposed in the
same sequence (i.e. a GeTe on top of a SbyTes layer, the multiple-layer structure sequence

number j = 1).

The fotal 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, 442b,



state into crystalline state in response to a 10 ns pulse width of an
erasing current. There is also shown that the resistance difference

bet ween t he anorphous state and the crystalline state could be up to one
order. The 7 ns witing current pulse captured by an oscilloscope is shown
in Fig. 5B wWhemeosiesults show that for a nenory nedi umpageeraismagoto t he
present invention, both the data-witing and the data-erasing duration can
be significantly reduced as conpared toj4dhe conventional C RAM device. The
witing current pulse and the erasing current pulse can either be a single
pul se or a chain of nulti-pulses. Fig. 6 shows the rel ationship between the
pul se curr ed#3arddt, Héla é@%ﬂﬁmddﬂﬁwhealtﬂautdwﬁsmﬂlammmﬁimg o t he
present inventij.o i , f a_current
op 1 ed to. SURBYRAEREAT & diskatta ol VP At Bk 45O e SHEFE s 1 o
f rom anor phexsnsit, ah@ﬁlfsblndﬂvmhlahj/ﬂrméﬂﬁtm 445@, &b taﬁd1144;3ae)f$bcaixeulhpre— a nmenory

medi um accordi ng to the,.prese nve u urr o] needs to
v i ot B A FREE Ghbrey e b ey A b S i DBEog0 e
to 100 ns neesaaud Qe 440, 2005 4085, 2546, Bﬁ&”&zﬁ@aﬁ@%&&ﬂﬁﬁ@-layeiar&aﬂaa’etl onal

C- RAM nedi um and the current. value is about 50% | ower. than that needed for

a convent i ofgmetoRarl sWisath haas thigkigss pinbeytg-6 pm. Ahedpl dayerdy sforpedduci ng

a data recoa@smeﬂrﬁrnﬁmtm&ﬁqe@ ofa&mrm 122 Whi@f is BleQ6hE hé @b oF (W fnkeabl e and
erasabl e nenory nedi um accord ‘g to the present invention |§m§)r ovi ded. The

net hod conp#idé@dual jagergl4fs. r%ﬁhcml ‘&appmmt@éb@?émﬁ prabedimeniicogespaudstp fice- | ayer
structure OQtn?caﬁb'Qﬁ&e? ahfelid (z)rhbév@%ﬁ&h &él & PnesdBPARNE kNGnQNE Or nore

further nultiple-layer ‘structures on sal |rst m,l?tlp | e-layer structure to
forma lamnated structure. Said nultiple-layer structure first dep05|ted

has at [|east. t"‘DEJﬁ%Yl‘B{?ﬁtss W Iﬁﬁﬁl% d%‘%eeo?&m @éﬂexlt%i’%&rﬂo%&(}e%an lﬁgﬂt, terial

capabl e of changi ase between a crystafline state ous
state in reeﬁmnsetm@plmaesehememcmatallpulssm anSain@rp‘Imui $ige mm:lqunm E—alnayer
| east one of yers is

mmde of & neapra Pt BiasAS bl B RSttt S Aot e B o 5 e
and an anor plooess. Bigase shmvsrasqapmﬁeemal@esah o€ hiedtatricbuiptihipied nemehotyhe
i ndi vidual | aXl%Irnsaccmdmg go one exrﬁaogam nt Io? ghe g?e\éclenrt] v%x%tlon wlsuch demonstrates that

the data recording element is converted from crystalline state into amorphous state in

response to a 7 ns pulse width of an writing current, and is converted from the amorphous

state into crystalline state in response to a 10 ns pulse width of an erasing current. There is

also shown that the resistance difference between the amorphous state and the crystalline

state could be up to one order. The 7 ns writing current pulse captured by an oscilloscope

is shown in Fig. 5B. These results show that for a memory medium accordirig to the-

present invention, both the data-writing and the data-erasing duration can be significantly

reduced as compared to the conventional C-RAM device. The writing current pulse and

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
medinm 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 fora



one atom c el ement which is absent from another individual |ayer. In one
enbodi nent, the first or further nultiple-layer structure is deposited
according to sanme or different sequence. In another enbodi nent, a final

i ndi vidual layer is further deposited on the further nultiple-Iayer
structure, wWwechshez2ssade of material sanme as the first nqwhozidoalozd ayer of
the multiple-layer structure. Both the first individual |ayer and the
final individual l|ayer have a crystallizgiion speed higher than that of
other layers of the nultiple-layer structure, and have a crystallization
tenperature | ower than that of other layers of the nultiple-Iayer
structure. Prefeptiafpl ¢:RANeneliys had thezatremd value igaboett 30f€loofr themihdt fidedat

i ndi vi dual Ifa er anq. filrkrat‘é'wdi i.i dual layer is in a range of about 90 Cto
120 C. Fig. '8 SHowe" 8% erectT "3y writeabl e and erasabl e memory medi um
according to a further enbodi rent of the present invention. In this
enmbodi nrent, a menory ce)l ,830 of n electrically witeable and_erasabl e
nmenory nedi um co:%lsi{%‘%%mfl% b& Piethod 789 ehrrgducing a¢att eedine chmepafoer 810, a
bot t om el ecldeadey &30 rRalPPriRAe LRI ARGLRMENG Y SlbEh AL diB0meA dat a
recording element 840 is forned between the top and bottom el ectrodes 820
and 830 andP¥HFH HKsHERn Wptidets Thamethogsonprives ipafirs Moek 8t derpsitdze i s
formed adja HCIEP-Ts i ’ i : r i ng
el ement 840 D e BRI R SR B AABLBE 08 5P e LrhRE

conf i gur at i §ather maltiphnlese stragtess ettt mhbiptakeyer stedidtnfprsladamivate8 40 and
t he bottom Lr i ] . I t bottom
el cct rode 830 By Sagrist PSR SHobliFph ARTE 1RRE) il B 620

t he cont act phpidlapes sanadeel gmetetiplcapatde otddngifz pledebedcaontragilling gaeal so

contri butes { .on_of electri.cal current.for. witing/reading
ot or 1 on Syt PR Sl -Sprbe B il B Bl b T he " hea
transfer sugpreases ampefésad leastido tayersat 1¢daicormmulf saip lagers &ymadesifmuweiteriab .

Al t hough enbodi nents of the present invention have been illustrated in

Coni unet i onmb o i g SR AU R HPARATGS AR SRS AR RS T HESTERS 01 ng
detail ed desard@tidnpulid Gleefid ihdvidpangetateddt bad mibealibaviaphd l@Mti s not
limted to the enbodi nents. g?i %clo ed, and iswg(ﬁlpﬁble of nunerous

r ear r angemefAOHG qni‘e@é?’ﬁ]ﬁh absinf BPRAP hEsingygual layer.

In one embodiment, the first or further multiple-layer structure is deposited
according to same or different sequence. In another embodiment, a final individual layer
is further deposited on the further multiple-layer structure, which is made of material same
as the first individual layer of the multiple-layer structure. 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.

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 boftom electrode 820 and a top 830 formed on the substrate
810. A data recording element 840 is formed between the top and bottom electrodes 8§20
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



substitutions without departing fromthe spirit of the invention as set
forth and recited by the followng clains. -15- CLAIMS 1. A data recording
el enent for a nenory cell of a witeable and erasable nenory nedi um
conprising: 5 a lamnated structure of at |least two nultiple-Iayer
structures, vaehssaed nultiple-layer structure conpri simg/sa2@isuomba ty of

i ndi vidual layers, at least one of the plurality of individual |ayers in
each mul tiple-layer structure being madg of a nat eri al capabl e of changing
phase between a crystalline state and an anorphous state in response to an
el ectrical pulse, one of the 10 plurality of individual |ayers having at

| east one ab@{ﬂgﬁrzﬁﬂoﬁntﬁélboﬂﬁéﬂt &la baweahaenataie'c@mmgtmﬁer@am #id thdieotpiur al i ty

of i ndivi dua ayers, and a fina 1@@ |V|dual |Layer ose% ap n said at
| east two nﬁeF‘F‘iﬂy ézpéif%ﬁrfem%ft@d?&ﬂftﬁ ness bt of il Oit?iaue PiERTlg %r bei ng

formed of thgweae tﬁ@ﬁﬁéldné'és o%e@oném ERbtrd 0! QH@Jmtiw%}‘lgéreQEarﬁ:J dréafy
mul tiple-layer structure of said |amnated 15 structure wherein a

crystal | i zatadserds peteduestt contpet afgaredsp cppigibyieeivdhe redy@ion ahelesirips curedfan dual
llayer is hi %‘Eflg/}&afh L8 Qlon/BER tfl@&’a?e{ &c&?}ngé‘?erﬁgﬂ{ Whﬁﬂhecoh‘@)é%{en%ttﬁémt ure,

and a crystal at | n tenperature of sald divi dual “l'ayer and fina

i ndi vi dual hé¢zapensfirsuppessiontdfiaet induaed lnf thonhidtiplé byersugfiret he nul ti pl e-| ayer

structure. 20 2. The data recording elenent as recited in claim1, wherein

the plurality of sequentially disposed individual |ayers are disposed in a
sane sequence i nAlihoughastbodiments séild pmsbmtiiml'eetibmlyaene bstrrillottiatedsn 25 3. The

data recordin enen s reC|ted i,n_claim rality of

sequent  al | SAFGHEL AN e trar e derad oy e BELAA Ko R bl

sequence i ndabnpttoexaﬁtshchm@besaipebcmﬁdtﬂm e iheateion $4 wat titnite . the embodiments
disclosed, and is capable of numerous rearrangements, modifications, alternatives and
‘substitutions without departing from the spirit of the invention as set forth and recited by

- the following claims.



4. The data recording element as recited in claim1l, wherein each
i ndi vidual layer has 30 a thickness in a range of about 0.1 nmto about 10
nm -16- 5. The data recording elenent as recited in claim1, wherein all
the individual |layers in each said nmultiple-layer structure have the sane
t hi ckness. 6. The data recording elenent as recited in claim11, wherein any
two neighboring 5 individual |ayers hadé-a ratio of thickness in a range
of about 0.1 to about 10. 7. The data recording elenment as recited in claim
1, wherein the total thickness of the data recording elenent is in a range
of about FhAIMS about 500 nm 10 8. The data recording elenent as recited
inclaim7, wherein the total thickness of the individual layers is in a
range of about 5 nmto 100 nm 9. The data recording elenment as recited in
claim 1, whereiAdah rb@adihg el forRnedbiyr@llidfy verdteatnehivd euaibld @y@osy i s
formed of a material selected froma group 15 consisting of Ge, Te, Sb, Ag,
GeTe, SbTe, Aglm?dl@wmﬁsmgl nSbTe, TeAsGe, TeSeS, TeSeSb, |InSbTe, TeGeSn,
In, Cr, N Se, Srj i i : ) i e as
recited in claim &?an\?ﬁlq%tf Eftﬁ@gﬁeﬁ’qﬁ f'e?sétatgaefgﬁgﬁ %flaffi%g{rg%tpurs h‘l[a’??ggigf
i ndi vi dual | ayers i andléplshjyadtriattuee amygisild a plarditpdLindROdubl layEseatdedsa
recording elenent as re iteci inclaiml erein a resistance of said at

& e nlra) t

] t
| east one i ndi vi dual®"e&y&eEn ringiyidig V?Féﬁ%Far‘ihﬁB“IEP@fﬁéY‘FﬁHHCWFat in an

anorphous  state. 29 mﬁ%%&eﬁ@ﬁé&?%l@%f@lj}aﬁ phaSe b&GLLEA ciyBtaflRi m 1,
wherein the crystallization tenperature of sal I'rst individual |ayer and

final individual | ayateasl amamonphngestat in sdsportse d9arCeledritdpuise, a® oftthe dat a
recordi ng el enent as.regjt i.n.claiml1, further conprisi an. el ect.rode
50" T orthed ad) acent _ dERY 8 4 PiGeGrienmute Aot S5 ot Bt ERER AL T ode
contacting the dat apkgg @t MeCdRBIMbe pRFallty aNPERAdUaNthyelsesid | cal signals
between the electrode and the data recording el ement. ,
a final individual layer disposed upon said at least two multiple-layer
structures, said final individual layer being formed of the same material of a
first individual layer of a first multiple-layer structure of said laminated
15 structure
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.

20
2. The data recording element as recited in claim 1, wherein the plurality of
sequentially disposed individual layers are disposed in a same sequence in at least
two said multiple-layer structures.
25 3. The data recording element as recited in claim 1, wherein the plurality of

sequentially disposed individual layers are disposed in a different sequence in at

least two said multiple-layer structures.

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

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



-17- 14. The data recording elenent as recited in claim1, wherein said

| am nated structure forns a superlattice-like structure. 5 15. A data
recording elenent for a nenory cell of a witeable and erasabl e nenory
medi um conprising: a |amnated structure having a first external |ayer, a
second external layer and a plurality of internal |ayers fornmed between
the first and second external |ayers, -d6- east one | ayer of the | anm nated
structure being nade of a material 10 capabl e of changi ng phase between a
crystalline state and an anorphous state in response to an electrical

pul se, whétrei n B dits jecerdingraicrsen @A deciied ér elaim [l aykersintdhthp indavideal dayeie| y
high crystalli.zati,on.spe | bi el erature than the
internal | ayer1r51_%5%%@1%11%%%3%&{:%&&&@%%ﬁ%\ﬁégéhg%%%n%ﬁﬁcﬁggggﬁeci ted in claiml1l5,
wherein the crystallization tenperature of said first and second external

| ayers is in a range of about 90 Cto, 120 C 20 17. A rrermry_% [, for a
writeabl e Gand ebedatn iecordingrslereniag Beas i plaim d; whepeln gyytvangIshpeiag and

second, cont act %n@i@fdﬁﬁgjagé}s ﬁévicfda &%Q%tf‘&lﬁ&ﬁieségl%lﬁggé SEHAE 59 16L65RND, formed

between said first an econd contacts, sai a recordi ng el enent
conprising a | amnated structure of two or nore 25 nultiple-I|ayer

structures and fjnal individual |ayer disposed on ,saj . ] east .1 wo

mul £ pl e Mayer Thedabuispadinesiney as et i RES Fayhel Rl HickeSipr I ng o
plurality of segueRtd@aln¥ldhanresndc lafsk ¥f fheat 5 haverBoutddool@ast one of said
i ndi vidual layer in each nmultiple-layer structure being a material capable

of changi ng phase between a crystalline state and an anmprphous 30 state in
response t8(.) an ﬁeeﬁhrrlegc?rldin%uellesrgént %8 ?ec(i)tgd 1inhc ai%lq H,rxgﬂlértéi% tﬁé to'tﬁqh%kr%ég lof the

individual layers is in a range of about 5 nm to 100 nm.

9. The data recording element as recited in claim 1, wherein at least one of the
plurality of individual layers is formed of a material selected from a group
15 consisting of Ge, Te, Sb, Ag, GeTe, SbTe, Agln, GeSbTe, AgInSbTe, TeAsGe,
TeSeS, TeSeSh, InSbTe, TeGeSn, In, Cr, N, Se, Sn, Si, Bi and Ag.

10.  The data recording element as recited in claim 1, wherein said at least one of the
plurality of individual layers is deposited in a crystalline state.
20
11, The data recording element as recited in claim 1, wherein a resistance of said at
least one individual layer is lower in an crystalline state than that in an amorphous

state.

25 12. The data recording element as recited in claim 1, wherein the crystallization
temperature of said first individual layer and final individual layer is in a range of

about 90 °C to 120 °C.

13. The data recording element as recited in claim 1, further comprising an electrode
30 formed adjacent to the data recording element, an edge of the electrode contacting
the data recording element for transferring electrical signals between the electrode

and the data recording element.



| ayers having at | east one atom c el enent which is absent from other one of
the plurality of individual |ayers; said final individual |ayer being
formed of -18- the sane material of a first individual |layer of a first

mul tiple-layer structure of said |lamnated structure, wherein a
crystallization speed of said first individual |layer and final individual
| ayer is higher than that of other |aydis of the nmultiple-layer structure,
and a crystallization tenperature of 5 said first individual |ayer and
final individual layer is |lower than that of other |ayers of the

mul ti pl e- Iayer structure a high tenperature electrode f or med adjacent t he
dat a recory an i.nsul ati.n isolatin i, d ry
cell from adj ac rﬁﬁ?félft?e‘tltf&em a3 6548 d Hgﬂ ﬁcrglgl slaﬁfﬁaml I'el’lcan%m
erasabl e ﬁEﬂDrMbﬁﬁﬂayﬁkﬂ@ﬂ@&ﬂﬁk@gu@uﬁﬁura|lty of nmenory cells and an
arrangenent of conductors such that each menory cell is electrically

addr essabl e, each said nenory cell conprising a substrate; first and second

contacts fiqr medy 8@&1?@%@%@% 53{ A i ajr?erﬁorgractcg ofngr@{tQéH“Qaﬁd &H?al%‘i Fn%ﬁﬁﬁ

bet ween sald firs cont ac recording enent
conprising a Ianmﬂmhedn@hsm@ture of two or nore nultiple- Iayer structures
and a final individual posed 1‘1%:150” sa | eas

t wo
nul tipl e-1ayer st?t?é’tla?tégstmféar@%agatg& 1?"it?3P%ﬂF‘¥ﬁ?e? S@PP‘%E’E@W@ layerasdiasi ng
2 plural ity of sequsniughioriaRPRSEls B tlthod BYGES apledofsiucdlone of

said individual layer 1n’eac ayer structure being a materia
capabl e of changi ng lpfeas tat bettwaerhawr of {hetlahinated sstctiee lmmg madanbs phtsugl

state in response to trical uIs one o it

i vittiual L ayers. HARTIGO R nEngetBiteb e oraraliBR eRm e IRt om
ot her one of the plstﬂt@irﬂ&&bcﬁfsetd% éa;bag@eh pupyers; said final individual

| ayer being forned of 25 the sane materi aI of a first individual |ayer of a

first nultiple-| ayb*rrelfsitﬁtd,tﬁtsmi@ glordpxteinahliamers avisg puelativdy higherein a
crystallization Spe%gys?aihfa?‘fog speed and low crystallization temperature than the internal

layers.
15
16,  The data recording element as recited in claim 15, wherein the crystallization
temperature of said first and second external layers is in a range of about 90 °C to

120 °C.

20 17. A memory cell 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
25 multiple-layer structures and a final individual layer disposed upon said at
least two 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
30 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; said final individual layer being formed of



first individual |ayer and final individual |ayer is higher than that of
other layers of the nultiple-layer structure, and a crystallization
tenperature of said first individual |ayer and final individual |ayer is
| ower than that of 30 other |ayers of the nultiple-layer structure; a high
tenperature el ectrode formed adjacent the data recording elenent; and an
insulating material isolating said nmenmerg-cell from adjacent nenory cells.
-19- 19. A nmethod of producing a data recording elenent for a nenory cel

of electrically witeable and erasable nenory nmedium_the nethod

conpri sing: deposi t ithgsang inetsriahed & fiyt wmdiagent laver olca st madtiple-day8s5t r at e;
said multiple |ayer oAt ULl € conl ShlAGe Qlndtinlcasbaliidndl sy
| ayers, at |east one of ST G WaVA duEt ayers being’ a nmateri capabl e of

changi ng phase bet weft iadividuss tagbd dodefirmil gideviaund laRr Rrighdolus thitatf@tten
response to an electricaligulse; depositing one or nore further

mul tiple-layer struddxireef Ga nudiipleflayes straiine pidea cyvaipdizalen @E’cpﬁ’faéur?é?ff orma
| ami naf ed Struct ur e.astd: HUAARY 1 4o b Gbual My 14 WRLHIGS uR@BPT | S ng
at least two individual layers, at"least one of said individual [ayers
being a material capaldréayets efthagiuliplphgsestbetween a crystalline state and

an anor phous state_jn response to a | ectrj.cal pulse, depositing a . final
i ndi vi dual | ayer ?B‘r%%é’éfnﬁ ra%‘@%‘ﬁ%tr‘ﬁ%tfg’f’? a %‘fe&t&ierdﬁa rFfﬂf_ﬁ&gd’ﬁ‘I’e g’eﬁ?gr of
said first multiplems@Mehg fafdtfal 14bBiind SaiMARMEIrD cOIMErob&l;¥dedtAkmbRy &l1sOf
said first and further nultiple |ayer structures having at |east one

atom c el enent which is absent from another individual |ayer, and wherein

said first ,and final .indivi.dual |ayers, . having a relativel.y. hi .

crystd |1 38 o Rea AR TBRPe RS Ry g iR S PYpR st ayers
20 of the firstmanstylcend ST aratdnigpnend E¥BRdELdH GhdH Bat ead mehitey dell &
recording elenment as recited in claim19, wherein the crystallization

t enper at ur e of ckegitipatly pddresgables pashlsaidqaeropitugl! CBPESHE s i n a range of

about 90 Cto a substrate;

first and second contacts formed on said substrate;

15 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 and a final individual layer disposed upon said at
least two multiple-layer structures;, each said multiple-layer structure
comprising a plurality of sequentially disposed individual layers, at least

20 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 having at least one atomic element which is absent from other one of
the plurality of individual layers; said final individual layer being formed of

25 the same material of a first individual layer of a first multiple-layer
structure of said laminated structure, 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

30 other layers of the multiple-layer structure;

a high temperature electrode formed adjacent the data recording element; and

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



120 C. 25 21. A nethod of producing a nenory cell for a witeable and
erasabl e nenory nedium conprising: depositing an insulating material on a
substrate; depositing a first contact on said insulating naterial; 30
depositing a high tenperature el ectrode adjacent said first contact;
sequentially depositing two or nore nultiple-layer structures to forma
data recording elenent, each said nultipl-e-layer structure conprising two
or -20- nore individual layers, at |east one said individual |ayer in each
said multiple-layer structure being formed froma material capabl e of
changi ng phase betmeen a crystalline state and an anDrphous state in
response t an ctri ul se; .one of t ality o uaI ayers
havi ng at %eastA g"oéi tp6?fi ft%‘??é?ﬁecmf%ee Q%tgfééﬁpl%}%%c%lp ﬂgéf/l orr%(éaualf t he
plurality of Irwhméusiélabd ela@tE en@depRsiiful) theambihbalompdimdual | ayer formed
of a same material as a first individual |ayer of saird first

nul tipl e-1ayer st fepssiting:a finenuitipleslaver stiuesre ama subrstigte saidaliileddyer ayer s

o e e o OB LB EAULAT PP ERLIANT AN, HCBE AL B el on

t enperature than other ayers 0 |rs ayer
structure.. deposi tiingivRiugaelapsd beipptaaitedsl capatde dﬁnﬂ&ng@g@haher@md:@rmnt and
dep03|t|ngfurther |nsulat|n material to isolate said nenory ll from
adj acent menory celdrystalline 522“’ aff @n ﬁﬁpmua§tawée|r?5@an$%Oépfﬂqﬁrﬂ PYI3E:t her

Compr 5109 oRe! Hyapgoel kgl opste AU of ot TR |
layer structure to form a laminated structure, said further multzple—layer

10 structures comprising 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 a final individual layer formed of a same material as a first
individual layer of said first multiple-layer structure;

15 wherein one individual layer of said first and further multiple layer structures
having at least one atomic element which is absent from another individual
layer, and

wherein said first and final individual layers having a relatively high

crystallization speed and low crystallization temperature than other layers

20 of the first and further multiple-layer structure..

20.  The data recording element as recited in claim 19, wherein the crystallization
temperature of said first and final individual layers is in a range of about 90 °C to
120 °C.
25
21. 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;
30 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



20 23. A nethod of witing and erasing information to an electrically
writeable and erasable nenory nedium having a plurality of nenory cells
and an arrangenent of conductors such that each nenory cell is

el ectrically addressabl e, each nmenory cell conprising: a substrate; 25
first and second contacts fornmed on said substrate; a data recording

el ement formed between said first and s@0ond contacts, said data recording
el enent having a |lam nated structure of tow or nore nultiple-Ilayer
structures and a final individual |ayer disposed upon said at |east two
mul ti pl e-1ayer struchoredsdividsaklayersiat leas arieplaisl indiveduaklayeicn gpeh 8 havi ng a

I i f ial.l ' i ndi vi-dual, .l I id
ndi vi dusl | ayers | riuele-RUEarard Sa R o Eiue R ol BRoraR e

material capabl e of gHasgitRgerPNasetahipleweeam &1 HEbphbigats irateep@nd taum - 21-
anor phous state in response to an electrical pulse, one of the EI urality of

i ndi vi dual |ayers hal§aicahpulsganie of the RIpEHeo 'Fléh’ﬁh{ﬁ_l lnpigre hayige aplsattonFr om
other one of ‘the pl uhdhiclderfln il diahe kBnesfer orRcthd hindkil ShuARHAY
of a 1'vi dudl a

| ayer ~ being formed of the sanme nmateri a rrst 1n ayer o
first 5 nultiple-I|ayeyergtructure of said | am nated structure, wherein a

Cayer 1S hi ghor  RSEARAT i vighel BB FTSH of ROURGIPTIFILeT AJEY St r uct ur .
and a crystallizat 'iﬁcﬂvf(ﬁiﬁpl%%étdfrsﬁd?frst?ﬁ%lﬁﬁfeér-lﬁfér diddivyd: Srbeih @ Hir@nddf i nal

individual layer is lower than that o r Tayers of the nultiple-layer
structure; and 10 a fhiahmdivdype laeriavalgesctetatidelyloghegstatjzatenspeet endl iva

recording elenent; th t hod i ncl udi nag: i n n gner | se to said
dat a Y%cor di ng el en€ S%{i‘}ﬁgat’é’gﬁ?fnﬂ?réwre @3@3@@2&%9@93@@%%5@@?&2@535 ener gy
pul se supplying suf fﬂ@ﬁﬁ]@tm@}@&g&u;@, change sai d phase-change materi al
between a crystalline phase and an . _

depositing a second contact on said data recording element; and

depositing further insulating material to isolate said memory cell from adjacent

memory cells.
15
22.  The method as recited in claim 21, further comprising depositing a final individual
layer formed of a same material as a first individual layer of said first multiple-

layer structure.

20  23. A method of writing and erasing information to an electrically writeable and
crasable memory medium having a plurality of memory cells and an arrangement of
conductors such that each memory cell is electrically addressabie, each memory cell
comprising:

a substrate;

25 first and second contacts formed on said substrate;

a data recording element formed between said first and second contacts, said
data recording element having a laminated structure of tow or more
multiple-layer structures and a final individual layer disposed upon said at
least two multiple-layer structures;, each said multiple-layer structure

30 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



15 anor phous phase. 24. The nmethod as recited in claim23, wherein said
energy pulse is a single pulse. 25. The nethod as recited in claim?23,
wherein said energy pulse is a chain of nmulti- 20 pul ses. 26. The nethod as
recited in claim23, wherein said energy pulse has a duration of |less than
about 50 ns for data witing. 25 27. The nethod as recited in claim 25,
wherein said energy pul se has a duratielof not nore than 7 ns for data
witing. 28. The nethod as recited in claim23, wherein said energy pul se
has a duration of |ess than about 50 ns for data erasing. 30 29. The

net hod as recited i remedrahensErte ihissringe naniclesteiea)ypupel e diake pluelitaed on of

not nore than abOUtingthid?J%l fa%rs %%1%?,%[ %%ét%%e atomic element which is absent from

other one of the plurality of individual layers.; said final individual layer
being formed of the same material of a first individual layer of a first
5 multiple-layer structure of said laminated structure, 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; and

10 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

15 amorphous phase.

24.  The method as recited in claim 23, wherein said energy pulse is a single pulse.

25.  The method as recited in claim 23, wherein said energy pulse is a chain of multi-
20 pulses.
26. The method as recited in claim 23, wherein said energy pulse has a duration of less

than about 50 ns for data writing.

25 27.  The method as recited in claim 25, wherein said energy pulse has a duration of not

more than 7 ns for data writing.

28. The method as recited in claim 23, wherein said energy pulse has a duration of less
than about 50 ns for data erasing.

3¢

29.  The method as recited in claim 27, wherein said energy pulse has a duration of not

more than about 10 ns for data erasing.



