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The invention relates to random access nenories ("RAM5"), and nore

parti cul awby3wm4renory cells of a RAM capabl e of storing aatrasosoimétipl e

data states. 5 BACKGROUND OF THE | NVENTI ON Random access nenory devices are

an integral part of any conputing environment. Wthout these nenory

devi ces, processing data in a conputing device would be nearly inpossible.

Consequently, there has been a great anount of research and devel opnent

directed to the area of randomaccesgg;&ﬁ ut er nenor The research and 10
t

devel opment has been di MALTARLE A EMORSY FELdt ed to conput er

menory, for exanple, 1in increasing the speed at which data stored by the
menory devi ces can be accessed, in designing nenories with | ower power
consunpt TBEHNAGAL FIE&RYi neeri ng nenory devi ces having greater data
retention times. Additionally, one particular area.to which a great anount
of effort has been I, ipentien %/qlﬁt‘f%&p ¢ @FW%’E‘FE%?%&WBM H¥fty and
dat a 15p£ﬁaﬁ§al§ %-m@i@ry%ﬂé’ﬁ@mapﬁﬂPBMé&té RAGHaAsk A RRRr Y density
has been"to decrease the size of nmenory devices, and nore particularly,
decrease the size of menory cells. As a result, the size of nmenory cells

have heep .r L YA he recent past. However, the size of
mam)rg cﬁﬁﬁ&%swm@\h"%fm poi nt where the current 20 state of
processi ng technol RENOLS aBRENEheERAS dBNikLY archd] hagedpphen apniehpatisg i ng
menory devices with these feature sizes. Another approach to the nenory

densi ty emirodment. Wihewsithepe ingmgwy deaireh @ereessippedatanarit compuhngdaymeyvaidd/i ces

t hat are,_capabl e of ori dat a, i re.states than conventional binary
menory. %&F‘”Fys ,lmE%sﬁ@’ient i&ooglgﬁquﬁ%%glﬁergt S SO 4y Brofh gy (%i Ontgrref/e Or Att, where

data is &weloptheatdigddidieio 8 are@fof tmdod ddceysedinpdeet dedlony.€ The Wskdicndmul ti pl e
data state nenory, data can be stored as one of many different states,
wher d 0t héevelopment has been directed to different areas related to computer memory, for example,

in increasing the speed at which data stored by the memory devices can be accessed, in

designing memories with lower power consumption, and in engineering memory devices

having greater data’ retention times. Additionally, one particular area to which a great

amount of effort has been spent is in the areas of increasing memory density and data

15 capacity.

One conventional approach to increasing memory density has been to
decrease the size of memory devices, and more particularly, decrease the size of memory
cells. As a result, the size of memory cells have been reduced dramatically in the recent
past. However, the size of memory cells have diminished to the point where the current

20 state of processing technology is being constantly challenged when manufacturing memory
devices with these feature sizes. Another approach to the memory density and data
capacity iséue has been experiment with memory devices that are capable of storing data in
more states than conventional binary memory. That is, conventional memory stores data in
a binary format, where data is stored as either one of two different data states. With

25 multiple data state memory, data can be stored as one of many different states, where the

number of different states is greater than two. As a result, with multiple data state memory,



nunber of different states is greater than two. As a result, with nultiple
data state nenory, WO 03/073428 2 PCT/US03/ 03226 generally | ess nenory

cel | s neewotos/obm221sed to store data. For exanple, a nenorycrdalshs/odraei ng
four different data states can be substituted for two conventional nenory
cells having only two different data2tates. Consequently, only half as
many nmenory cells would be needed to store the sane quantity of data.
Conversely, twice as nmuch data can be stored 5 in the same area if the

mul tiple datg state nenory i

i S the sane size conventiopal nenmory cells.
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For exanple, in U S. Patent No. 5,296,716 to Ovshinsky et al., the use of

el ect ri chivipg only twabiffereaun date staisabCensequenknswly halfggemant @einatyscetlpould

el ectronjc ry applications.is scpibed.  Additionall in . U.S .Patent
o, 5, 0105 BEGUT 5 W ey ey o BGE-EoRETeKH THiet o Ak Mo e Wisdnory
mul ti st afemdissthd fea Mthd fipld WD MAABRNisStha Bind fige Als@niéntidatlanahayage is
described. As described therein, a nmenory el enent including the phase

change neglsrial, that is, materials which can be electrically swtched
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by using a nunber es. I'n ermni ng t he
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nunber of pulses required to return the resistance |evel of the nenory

el ement UeS.Patant No. 529,816 wwiRwshingitrdal othe pos eledequdllz sereable ad ed%?@’élest ate
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afore € process o e € present state o 0 the
menory elesrEmiktent Nod 6912, 889 tov@yshitiztly endls aghiethdd yf progauiniiag Gvoaic thémeorgtat a i s
reprogrammed follow ng a read. Another apr})lr oach that has been | aé<e9\ in the
desi gn omu}ﬁﬂtqtep-@geta](j@p]@bgtrmx@ory elements and the use in data storage is described. As

described therein, a memory element including the phase change material, that is, materials

which can be electrically switched between generally amorphous and generally crystalline,

15 can be programmed by using a number of current pulses. In determining the data state of

the memory element, the number of pulses can be discerned by counting the number of

pulses required to return the resistance level of the memory element to a first state. The

number of pulses represents the data state of the data stored by the mernéry element. As

further described in the aforementioned patent, the process of reading the present state of

20 the memory element is destructive, and consequently, reguires that the data is
reprogrammed following a read.

Another approach that has been taken in the design of multiple data state

memory is described in U.S. Patents to Kozicki et al. As described therein, a

programmable metallization cell (PMC) formed from a fast jon conductor, such as a

25 chalcogenide material that include compounds containing sulfur, selenium and tellurium,

positioned between two electrodes. The formation of a non-volatile metal dendrite can be

induced by application of a voltage difference between the two electrodes. The mass of the

non-volatile dendrite changes the resistance of the PMC, which can be used as a means to



menory is described in U S. Patents to Kozicki et al. As described therein,
a programmable netallization cell (PMC) fornmed froma fast ion conductor,
such as awPI3ohmbeogeni de material that include conpounds PCantsas/ni2ng

sul fur, seleniumand tellurium positioned between two el ectrodes. The
formation of a non-volatile netal dendrite can be induced by application
of a voltage difference between the two el ectrodes. The mass of the

non-vol atil e dendrite changes the resistance of the PMC, which can be used
as a neans to WD 03/073428 3 PCT/ US03/ 03226 ;éoore data in various states.
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devel opnEen € area o state and variabl e resistance
menories, it will Akhapphtieet hisseten Hatelapawntindthalatearafanuliele dporstidctrels to 5

this area is still possible. Fqor exanpl.e, further elgpnent in the area
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i nvent i ogtaté snethore ctidhdvingatroe tanttatiod af slatatstates. nBmwefpree dere 1sPhreed Tor menory

cell includes a first electrode layer.formed froma first conductive
mat er i al 2lteEatiLeRRRTRA F%@tsf%%%ﬁ'ﬁﬂ%%";tg’ﬁ%‘iaﬁa %?t(?f‘n a second conducti ve
material, and a first |ayer of a netal-doped chal cogeni de materi al

di sposed between the first and second el ectrode |ayers, the first |ayer
provi di n§UBIMARYUGF THERN GENEMOnduct i ve growth can be forned to

2| ectrical l lg t t the .fi. d | Th
menory. col 11 urt pele S orne e Dl B AR EEr SRR I B 2"

condygt i ¥embBt &l AlcluddNd frs6 &@@ﬂﬂe'l?éerfomwﬁ floed st dopddtich alacogbni de
mat eri al di sposed between the second and third el ectrode |ayers, the

second | syed geaduiddilagerdormeadi fiemiaseapad: ponsugvedmatendle apt aviitst lexei A f or med
metal-doped 'chalcogenide material disposed between the first and second electrode layers,
the first layer providing a medium in which a conductive growth can b.e formed to
electrically couple together the first and second electrode layers. The memory cell further
15 includes a third electrode layer formed from a third conductive materiai, and a second layer
of a metal-doped chalcogenide material disposed between the second and third elecirode
layers, the second layer providing a medium in which a conductive growth can be formed

to electrically couple together the second and third electrode layers.

BRIEF DESCRIPTION OF THE DRAWINGS
20 Figure 1 is a cross-sectional view of an embodiment of the invention.
Figures 2a-c are cross-sectional views of the embodiment of Figure 1
illustrating the operation thereof.
Figure 3 is a cross-sectional view of another embodiment of the invention.
Figure 4 is a block diagram of a typical memory device that includes one or

25 more memory arrays of the present embodiment.



to electrically couple together the second and third el ectrode | ayers.

BRI EF DESCRI PTI ON OF THE DRAW NGS 20 Figure 1 is a cross-sectional view of
an enbodi wer/ood428 he i nvention. Figures 2a-c are cross-secTiusaad32eé ews of
t he enbodi nent of Figure 1 illustrating the operation thereof. Figure 3 is
a cross-sectional view of another enmbqgdi nent of the invention. Figure 4 is
a bl ock diagramof a typical nenory device that includes one or 25 nore
menory arrays of the present enbodi nent. WO 03/073428 4 PCT/ US03/ 03226 As
is conventional in the field of integrated circuit representation, the
lateral sizes andAs kieokneioaal ipthetfiedd ofdniegtated Gsprt sepsssentainn. Hieddifrad o scal e
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i nvent i oBniRfgey bekRdacedud irhfroee Slaming legibitityy cel | . Certain details are set
forth below to provide a sufficient understanding of the invention.
However, it will be clear to one skilled in the art that the invention may

be pract?ﬂﬁ%{%ﬁptgg@@ﬁﬁ@éﬁ@ﬁfﬁhﬁbﬁqﬂgf@i | s. In other instances,

wel | - kno on techniques processing nethods, circuits, control

si gnalss, and ti m nBmpoditreaslof thegresemdhvdntion psividena imnltipkOstate ngivlory eellor der t o
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| ayer 202 is torned to provide a cathode layer to which a voltage is

appl i ed. withoutwihbde patiagpr éethidd edn bihat instemcess tvadll-kreoper fD@Cationytegwmiduss ned on

a substrate, or on a layer of 15 material .which will su t the .
mul ti pl ep@pgﬁsglg%%ﬂ;, géqqlts,myro%@daxﬁntnpﬂg Rratogels Ihg‘ffpe&? been shown in

10  detail in order to avoid unnecessarily obscuring the invention.

Illustrated in Figure 1 is a cross-sectional view of a portion of a multiple-
state memory cell 200 according to an embodiment of the present invention. A metal
electrode layer 202 is formed to provide a cathode layer to which a voltage is applied. It
will be appreciated that the metal layer 200 may be formed on a substrate, or on a layer of

15 material which will support the multiple-state memory cell 200. Formed on the metal layer
200 is a metal-doped chalcogenide layer 204 through which, as will be explained in more
detail below, a conductive link to floating electrode layer 206 is formed under the
application of a voltage. Chalcogenide mgterials, as referred to herein, include those
compounds of sulfur, selenium, and tellurium. The metal material doping the chalcogenide

20 are generally Group I or Group II metals, such as silver, copper, zinc, and combinations
thereof. The floating electrode layer 206 is typically formed from a metal material, such as
silver.

Formed on the floating electrode layer 206 is a another metal-doped
chalcogenide layer 208. The composition of the material for layer 208 may be, but does not

25 necessarily need to be, the same as the layer 204. As illustrated in Figure 2, the thickness t,
of the layer 208 is greater than the thickness t; of the layer 204. However, in other

embodiments of the present invention, the thicknesses t; and t; may be nearly or



200 is a netal -doped chal cogeni de | ayer 204 through which, as wll be
explained in nore detail below, a conductive link to floating el ectrode

| ayer 206woa3foossred under the application of a voltage. @aalusoseszéee
materials, as referred to herein, include those conpounds of sulfur,
selenium and tellurium The netal matgerial doping the chal cogenide 20 are
generally Goup | or Goup Il netals, such as silver, copper, zinc, and
conbi nations thereof. The floating electrode |ayer 206 is typically fornmed
froma netal material, such as silver. Formed on the floating electrode

| ayer 20@ppreximatghbthhspmapeathe dbiplapss bhatycbyylens than|tay &s vllde explainediposi ti on

of the material. rlayer 208. . doe ssaril ed to
be, the Elgﬁeede asII {)eﬁ%“ﬁ %éé:?mggsit}%f t?l?I’rﬁsgéjctrﬂgfgglﬁallﬂr&éf%‘gf}ag&g%@%%y ?rlgl?c ness t2
of the | aep0RafByinked e bt afodifianid bdet i &dcoMBdile 10fers DES by 208 BOdng
However, in other enbodinments of the present invention, the thicknesses t2

and t1 neariows thielnessps.oFonpsdoay Hiraustal-dopyd cladazsnigs davst apfhiscwpthat Bewpl t he
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nor e det al e conp Ion o e resp Ive neta

chal cogeniktieeleayie $ay20610 antkha Gdatimyelevaede lagedm®ormeliypically fonmed flem the
accommodate | ayers 206 and 208 havin variqus thicknesses. Faornmed on the

met al - dojpets BETdoderiileurafedyeFigngl e eafideds larmed elgweheriodadeversfer 210,
whi ch T eprageqd i lifea tgh? S dBHehi BE §5eS fyERRAY gg%uers%ﬁoas_%}fl ymst al

el ectrode | ayer and t | oat1 ng el ectrode l"ayer are typica
formed fwihouthdepasiagefromt grei sdope At tHel prstematiseknition. Fi Yyloreover, thbevegabhode i s

fornmed bel ow t he anode, however, . it wll he appreciated that .the, .
LT i lensianiigon hBast in BRSRLT hin ba thabsgopaenaDBe ot Tyt 86 CrREDH ¢ | ng

from t he, §GORAPEIIRIRMREARN d AMBAL bRl hn IMBESOMEAre 14tD811Y §labddCphrt EOm
orientation 1llustrated in Figure 1 can be changed such that the various

| ayers aore dnotheed in a horizontal orientation between a cathode and an

anode that are | 'atIte(m E lbg aS r%gigt%d %Pa?%an; rn?atrgria snlgno%]noﬁyhglroée of ordinary skill

in the art may be used for the metal-doped chalcogenide layers. For example, compositions

15 of germanium selenide, Ge,Sey, can be used. Exemplary ratios are in the range from

GeyoSegg to GeSe. Compositions of arsenic sulfide, germanium telluride, and germanium

sulfide can also be used for the metal-doped chalcogenide layers. Similarly, materials that

can be used for the electrode layers are also known, such as silver, compositions of silver

selenide, copper, germanium selenide, and the like. It will be appreciated that later

20 developed materials that display the same characteristics as known materials can also be

used for the metal-doped chalcogenide and electrode layers without deviating from the
scope of the present invention.

In operation, the multiple-state memory cell 200 illustrated in Figure 1 is

capable of storing multiple states by-altering or programming the total resistance between

25 the anode and the cathode in a relatively digital fashion. The resistance of the memory cell

200 can then measured or compared to determine the value of the data stored by the

memory cell 200. As a result of the relatively discrete manner in which the resistance can

be changed, multiple states can be stored by the memory cell 200.



It wll be appreciated that many materials known by those of ordinary skill
in the art may be used for the netal -doped chal cogeni de | ayers. For

exanpl e, wormpoi4s ons 15 of germani um sel eni de, GeSey, camcClyaSuyext26
Exenplary ratios are in the range from Ge20Se$0 to GeSe. Conpositions of
arsenic sulfide, germaniumtelluride, @and germanium sulfide can al so be
used for the netal -doped chal cogenide layers. Simlarly, materials that

can be used for the electrode |ayers are al so known, such as silver,
conpositions of silver selenide, copper, germanium selenide, and the |iKke.
It will be appr eci Bieeditdritiin bhtter r@fstabev db cpeunpished ibyl thet foamatifinspf @y t he
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formation of a conductive growh fromthe floating el ectrode |ayer 206
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begin to form through the layers 204 and 208, respectively. When the conductive growth
15 308 extends through the layer 208 and creates a short circuit between the the floating
electrode layer 206 and the anode, which is represented by the layer 210, as shown in
Figure 2b, the resistance R between the anode and the cathode changes to a value less
than R, but greater than a short circuit. The resistance Regy at this point is reproducible, and
consequently, can be used to represent a data state. The resistance Ree changes again, as
20 shown in Figure 2c, to a relatively low resistance when a conductive growth 304 extends
through the layer 204 and creates a short circuit between the cathode, which is represented
by the layer 202, and the floating electrode layer 206.
Each of the different resistance states of Reey provided by the memory cell
200 represents a different data or logic state. That is, a first data state is represented by Reei
25 being approximately equal to the total resistance (R1+R2), a second data state is
represented by Reey being a value between R; and low resistance, which occurs when the

floating electrode layer 206 is short circuited to the metal electrode layer 210 by the
conductive growth 308, and a third data state is represented by a low resistance after the



t he anode and the cathode changes relatively significantly. Initially, as
shown in Figure 2a, 10 where no conductive growth has been forned, the
resi st ancwohevaen t he anode and t he cathode Rceli is equaCTiis03/03226
approximately RI + R2, where R, is the resistance of the layer 204 and R2
is the resistance of the | ayer 208. Hpwever, under the influence of an
applied bias across the netal -doped chal cogeni de | ayers 202, 210,
conductive grow hs 304 and 308 begin to forn1through t he Iayers 204 and

208, res ective \Whe onductive grow.h 15 tend h t he
| ayer 2 %lnﬂegfoéﬁtlé%ergzoéh’ﬁr °L¢| FEee Boelﬂiﬁem@ﬂat{“ﬁe ??]i’éo B‘éﬁrszt% ct rode
layer 2Q8,aRfve BRovaRade, ARahol GrchRRbGSENtRthe Berhdlo cleﬁmo rzehame@ﬁles hown in
Figure 2b, the resistance RCe,i" between the anode and the cathode changes
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the total resistance (Rl +R2 a second data state is represented by RCei,
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304 and op&8tidrstochprgedbatesisantde the memory cell 200.

15 It will be further appreciated that reading and writing circuitry for use with
embodiments of the present invention is well known to those of ordinary skill in the art,
and may be implemented using conventional circuitry and design. It Will be further
appreciated that the description provided herein is sufficient to enable one of ordinary skill
in the art to practice the invention.

20 As illustrated in Figure 2b, application of a voltage to the anode induces the
formation of not only conductive growth 304, but conductive growth 308 as well.
However, because the thickness of the layer 208 is greater than the thickness of the layer
204, for a given applied voltage across the multiple state memory cell 200 the voltage
across the layer 208 is greater than the voltage across the layer 204. Consequently, the

25  floating electrode 206 is short circuited to the anode before the cathode is short circuited to
the floating electrode 206. With continued application of a voltage to the anode, the
conductive growth 304 eventually creates a short circuit between the cathode and the

floating electrode 206, thus reducing the resistance between the anode and the cathode to a



5 orientation of the electrical field applied to the nenory cell 200. That
is, as discussed so far, a voltage applied to the netal el ectrode |ayer
210 (i.e.wotlhe7anode) is positive relative to the voltagecapsos/ext2 o the

nmetal electrode |layer 202 (i.e., the cathode), thus, the direction of
growth is fromthe netal electrode |afer 202 to the floating el ectrode
| ayer 206. Simlarly, a conductive growh will be fornmed extending from

the floating el ectrode | ayer 206 to the 10 rret al el ectrode Iayer 210.
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illustrated in Figure 2b, application of a voltage to the anode induces the

formati on of not dhlwyll b@rﬁdth@t apmegatodvitiat B@4andgeue! resistenres.i arghgytransition308 as
wel | . wever caus thlck SS O e s.greater. .than the

Vot ke dBOI PR pesnatoe ety do b RS RoR ke BBl bustRe i nfig e e

nul t i@l dapdrao4 HRERE mogelAddm&lampeaygfervﬁﬁey B&1tRE&d, 1hE chbAYEdtiP8f ki gr eat er

t hant he vol tage across the |ayer 204. Consequently, the 25 floating

el ect r oduet2lodoped Cbhlementﬁermtmaéd)fttbe {ayers 204 dad 6B ee beradjusted s deeli © short
circui te%usf) t he sfet%at' cter %fie e206 Wth continued application of a
vol t age Y %‘ PR 310 atieriay grow h 304 eventually creates a short

circuit between thBusatddasBigaR® fsheortidnQstal HEm&Y @6l B0FR:c3fMhg thRHShEEdUC ng
the resi stance between the anode and the cathode to a WD 03/073428
PCT/ USO3ngRdmgeng of the present invention. The memory cell 400 includes layers that are similar

15  to those of the memory cell 200 (Figure 1). However, memory cell 400 further includes a
second floating electrode 420 and a third metal-doped chalcogenide layer 424 in addition to
the layers described with respect to the memory cell 200. The addition of the second
floating electrode 420 and the third metal-doped chalcogenide layer 424 enables the
memory cell 400 to have an additional memory state in which to store data. That is,

20 whereas the memory cell 200 provides three different states or resistances Reen: (R + Ry),
between R; and low resistance, and low resistance, the memory cell 400 provides four
different states or resistances for Reen: (Rz + Ry + Ry), between (R, + Ry) and Ry, between
R; and low resistance, and low resistance. As previously discussed, each different
resistance level can be used to represent a different state of data.

25 As illustrated by the previous discussion, it will be appreciated that
including additional layers formed from a metal-doped chalcogenide material and a floating
electrode can be used to create memory cells having even more states than that provided by

the memory cell 400.



| ow resi stance. Mreover, it will be appreciated that the resistance Rcell
across the anode and cathode is between RL and a short circuit after the
conduct i vwOogBow4b8 308 short circuits the floating el ectr®dad/uB0§03206 t he
anode 210 because the resistance of the layer 204 is actually reduced as
the conductive growth 304 grows toward the floating el ectrode 206. 5
However, the resistance Rcetl at this point is neverthel ess reproduci.ble
and different enough fromthe short circuited state that conventi onal

Jifferent eno m th X convent
ecoon 26 the dat cdraney PP E I s Sh. 8% S Bkt Phspange of

resi st anefis ,aceurdingetotanagiabddiraent df riemirpeetidreRi hibande Riglraidl Vehd ﬁaeﬁheg' anot her
can be adjusted by altering the thij ckn6ess of the 10 layers 204 and/or 208.
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i s a porisiappliedf toaherrnioyy delide H0Ghmaghanl addreds bua 0 hed is dohkdibyrnbwof t he
present inventjon, The nmenory cell 400 includes |ayers that are simlar 15
to t hoserdgFest HsCoshmA) Rief|conon eftgs decprler pefaerpaiectivabirorferaety| armyo
further jaglpdesridesangeichoatd ROmelaRs 5685 6% N idoped
chal coger?i de | ayrer 1%4 i neacdg“iﬁti on to E}%he F)aéérlggg%gaal}%‘lg C\l/\naq%él&bgspect to
t he menouffec 8B4 v208 inphireutpdtiddta bns 640.t R&its eletarade applidtto e memotyr oy 420 and

the third netal,-daped, chal eni.de | ayer 424 enables the_ nenory cell 400
to have & uﬁ%aid?ﬁadﬁ%t bﬂg%%%e‘?ﬁiﬂén? W?:)href@“@l%‘i‘fé’uﬁﬁ’tf'ép- That is, 20

wher ggs the menor yeral lihe? OR bR ] @keavmhrb%_ea@rwﬁé@nﬁhaﬁtaﬁ&% RI sieEicSt ances
Rcell: (R2 + Rl), between RI and | ow resistance, and | ow r%sm ance, the

menory castbodaéntp ob vhel gxvefidaur hawdi befeerdentritet] dteesgn dor pepdst arfdlisstfaton,RCe11:
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| evel cafvddgionSRAcd@inEBPitR$BRhtich @inbf BN ex8tibe bpthe%%@xdga@éaﬁ%, illTustrated
by the previous discussion, it will be appreciated tha i ncl udi ng

additional layers fornmed froma netal -doped chal cogenide material and a
floating



el ectrode can be used to create nenory cells having even nore states than
that provided by the nenory cell 400. WO 03/073428 PCT/ US03/ 03226 9 A
menory dewiDma/053es8 t hat i ncludes a nenory array 502 havi ng Pegrmsoyo32eel | s
according to an enbodi nent of the invention is shown in Figure 4. The
menory device 500 includes a commapd decoder 506 that receives nenory
command t hrough a comand bus 508 and generates correspondi ng contr ol
signals. A row or colum address 5 is applied to the nmenory device 500

t hrough an address bus 520 and is_decoded by a row address decoder 524 or
a col urm address decoder 528, respeti™M%ely. Memory array read/wite
circuitry 530 are coupled to the array 502 to provide read data to a data
output buffer 534 via a input-output data bus 540. Wite data are applied
to the nenory Brray&nﬁﬂﬁﬂﬂg@&ﬁm@@ﬂﬁcﬂnpumpﬁmhger 544 and the nenory array
read/wite circuitry 530, 10 Fromthe fore it will be appreciated
that, althougt @rﬁb@?qtqoée layppfoamsriem aé"frs“t"r‘?é t,xc,t,\ygma,tqg@l have been descri bed

her el n 1o PUESS ledol WL BEhatom YALLAUSARALLE fidigns mey be nede

wi t hout deviating fromt iTit and scope o I'nvention. Accordingly,
t he i nventi on d frstiayerlof mintea- cbpmieqﬂialcagerhd{e mlaenalphmmdeﬂbetWaanrrhe fisd0af3/ 073428

PCT/ US03/ 03226 .10 1. Amtiple-state pepory risj
firstecanbelesiiode | 4Y§§FeCIT‘ef BFiRYE PFOying ¢ P?Eé"c“né Shyhich, |a\Fé’ng‘§1“¥? g%ﬂmnﬁ)aarslaf‘cond

el ec?d’r@g@tol eﬁ’éﬁ%catl? O8He &%@ﬂﬂ%ﬁh@ ﬁFs@Qﬁh Londiatinve MR i al; a first layer of

a met al -doped chal cogeni de material di sposed between the first and second

el ectrode | ayerth;rdthetrcbderlsyerlf«aygd fromow thatidregnductiwd imatariah amhi ch a conducti ve

g{ g\(/:\lt ? Oggn| g;\ & f§eocc)n qa lae(lzr'{egall-(c\lgylw!dycha? 0%6de Oxgz;ettert]zﬁrdlgp%es'\ej lbét%\;[eer?' rtllge second
second and third electrode layers, the second layer providing a medium in which a conductive

growth can be formed to electrically couple together the second and third electrode layers.

2. The memory cell of claim 1 wherein the first conductive material

comprises a composition of a silver material.

3. The memory cell of claim 1 wherein at least one of the first or second
layers of metal-doped chalcogenide material is a material selected from the group consisting of

germanium selenide, arsenic sulfide, germanium telluride, and germanium sulfide.

4. The memory cell of claim 1 wherein the material of at least one of the first
or second layers of metal-doped chalcogenide material comprises a composition of germanium

selenide.

5. The memory cell of claim 1 wherein the conductive material of the first,

second and third elecirodes is the same.



athird electrode layer fornmed froma third conductive material; and a
second | ayer of a netal -doped chal cogeni de naterial di sposed between the
second amwotopiord2el ectrode | ayers, the second | ayer provi écagsas/oeadé um i n
whi ch a conductive growh can be forned to electrically couple together

t he second and third el ectrode Iayerﬁ 2. The nmenory cell of claim!]
wherein the first conductive materia conprises a conposition of a silver
material. 3. The menory ceII of claim1l wherein at |east one of the first
or second |ayers of_netal- @ﬁd chal co erial is a material

i de ma
sel ected from the gr%p‘“ﬁ’&ﬂ%ﬁ Hglop 1 gi‘?‘i’?ﬁhfhﬁr#‘@@eéﬁioﬁg‘e fstslargrofaul £ de,
ger maplepmid Rh Icﬁawg%ma@nﬁata@ﬂ BB YnSHE Img&essﬂof R HRIRY & O‘PgHeta@:ﬂoggédg‘:c m1

wherein the material of at |east one of the first or secon ayer

met al clddnogehidshmbtengleni de material conprises a conposition of gernani um
selenide. 5. The nenory cell of claim1 wherein the conductive material of
the first, second and third electrodes is the same. WO 03/073428

PCT/ US03/ 03226 711 6. ThERSeriBREY of:alulm Pf/vh&leﬁi t'Ele Ithlmr%ésebﬂh& E&oﬁchlas:&rb%%s of
the first layer of a netal-doped chal cogenide material is less than the

th| ckmeigkdaped mh@cmmdnmaly%ns tshs thangheathickogrs obf tishfitst yenotemett-doped| . 7.
rrgz %el Ok claiml wherein the thickness of the second | ayer of a

rretal 8 C ?SO%IEm de material is less than the thickness of the first

| ayer of a netal - doped chal cogeni de material. 8. The nenory cell of claim

1, further corrpr|5| a fourth el ectrode forned froma fourth conductive

material; and &t hi rdemeymary e¢ll of olimd), ﬁaﬁﬁé@r@mft&bgeni de material disposed

bet ween the thi rfgurtﬁa& ctIot%Erfgrpneﬁlf{,c\)thg %qghl XcﬁmﬁVe ma erlgllhlarrﬁj layer providing a

medi um i n whi ch a con
a third layer of a metal-doped chalcogemde material disposed between the third

and fourth electrode layers, the third layer providing a medium in which a conductive growth can

be formed to electrically couple together the third and fourth electrodes.

9. The memory cell of claim 1 wherein the metal-doped chalcogenide

material of the first and second layers are the same.

10.  The memory cell of claim 1 wherein the metal-doped chalcogenide

material of the first and second layers comprise a silver glass material.

11. A multiple-state merﬂory cell, comprising:

a first electrode coupled to a first voltage;

a second electrode coupled to a second voltage;

a multiple layer data state stack in which multiple data states are stored, the data-
state stack including:

a first portion of a métal-doped chalcogenide material adjoining the first electrode,
the first portion having a first thickness;

a third electrode of a conductive material adjoining the first portion; and



be fornmed to electrically couple together the third and fourth el ectrodes.
9. The nenory cell of claiml1l wherein the netal -doped chal cogeni de

mat eri al WD oBhes4e$ r st and second | ayers are the sanme. 10. PChasoworey cel |
of claim1l wherein the netal -doped chal cogenide material of the first and
second |l ayers conprise a silver glass material. 11. A nultiple-state nenory
cell, conmprising: a first electrodd2coupled to a first voltage; a second
el ectrode coupled to a second voltage; a multiple layer data state stack in
which nmultiple data states are stored, the data- state stack including: a
first portion afsesomebatiofdogfed mdialdopegt chaeogeaider inaferiald pdjbiminggtht: hidirfli r st

el ectrode the first portion having a first thickness; a third el ectrode,
of a cdssHadr thepecandinortion haxme & arend BIAES: r st portion; and WD 03/ 073428

PCT/ USO3/ 03226w11%regq 5@&%&% i ipg%gﬁﬁs%igg Ridge fopedishatanee m&eesgmger i al

adjoining the thir ectro nd portion having a secon

t hi cKoession whe figst codpptive glowtinirofn the third gleatrndaty thofitsaglecttmletahd a seéqoad

el ectrode i nduces_the  fornption of fi.rsi‘l conductive gromh fromthe

t hi r FoBTWHY Fawth Gomphe secpaq clegteods fofhe hird e %?t’?a%ond conductive growth from
t he second electrode to the third electrode. 12. The nmenory cell of claim
11 wherein the first voltage is positive relative to the second voltage.
13. The nenoryizel | Thé nehmionedlofiiamel Inwhéreinf the Sirstwoltagegie positiveetgéetive e
relative to.,the second voltage. 14. The nenory cell of claim 11l wherein
the P &8RP s positioned below the third el ectrode, and the third

el ectrode is positioned bel ow the second portion.

13.  The memory cell of claim 11 wherein the first voltage is negative relative

to the second voltage.

14.  The memory cell of claim 11 wherein the first portion is positioned below

the third electrode, and the third electrode is positioned below the second portion.

15.  The memory cell of claim 11 wherein the first portion is positioned
laterally adjacent to the third electrode, and the third electrode is positioned laterally adjacent to

the second portion.

16.  The memory cell of claim 11 wherein the first thickness is less than the
second thickness.

17.  The memory cell of claim 11 wherein under the application of the
programming voltage, the first conductive growth couples the third electrode to the first electrode

prior to the second conductive growth coupling the second electrode to the third electrode.



15. The nmenory cell of claim1ll wherein the first portion is positioned

| aterally adjacent to the third electrode, and the third electrode is

posi ti onewoloaexas | y adj acent to the second portion. 16. PChasowaney cel |
of claim 11 wherein the first thickness is less than the second thickness.
17. The menory cell of claim 11l wherein under the application of the
programm ng voltage, the first conddgtive grow h couples the third

el ectrode to the first electrode prior to the second conductive growh
coupling the second electrode to the third el ectrode. WD 03/073428 13

PCT/ US03/ 0322618.8. A multiplerstate nemew qebraompriédBl | conprising: a first

el ectrode | ayergl}ﬁ(%rg[%gg%alg}pgr%f ieﬁ%}m?gﬁg?‘g‘%’{dﬁﬁ‘ggﬁ#‘%&l ; a second el ectrode

| ayer forned ff conductive ma a rst layer of a

met al - doped chak&Rge sicdodeb R fetined ifispasedohbiondenivanthteratl oi ni ng the first
and second el ectrode | ayers, the first layer providing a gi umin ich a
conducti ve groatfirst daveneoft armedl-daped| dalcpgeridel Wa@éilélpldéSPPﬁFgg HEPT: AR £ i r st

d d el d I ' ' fRLHRE i hird
Conadirge ferv] ST soro Rt Eekiof HIbA AP RREIGRT PVTHR! o KIRE MO or

condd secon met’a hal cogeni de materi al

di speoaghiched WRMIh 2 be d6knRidnb regectrivalls eapitdtogaitiet thierfistedndcteradeslécapde s, the
second | ayer providing a nmediumin which a conductive growh can be forned
to ell&ersical ly couple together the second and third el ectrode |ayers; a

fourth el ect roggi@%ﬁp‘g%ﬁp@&ﬁé@r@mfa%}ﬂ Hnanchdiprmat erial; and a

third | ayer of ogeni de material disposed between and
adj oi ni ng the &hietshdahgler oflia tthetal-dptd obidcdgryide snatetad disposetl betyeen prdvi di ng
a medi um.in which a i : . . .
adjoining the second and third electrode layers, the second layer providing a medium in which a
conductive growth can be formed to electrically couple together the second and third electrode
layers;

a fourth electrode layer formed from a fourth conductive material; and

a third layer of a metal-doped chalcogenide material disposed between and
adjoining the third and fourth electrode layers, the third layer providing a medium in which a
conductive growth can be formed to electrically couple together the third and fourth electrode

layers.

19. The memory cell of claim 18 wherein at least one of the first, second,

third, and fourth electrode layers comprises a composition of a silver material.

20. The memory cell of claim 18 wherein the first, second, third, and fourth

- conductive material are the same.

21.  The memory cell of claim 18 wherein the thickness of the first layer of a
metal-doped chalcogenide material is less than the thickness of the second layer of a metal-doped
chalcogenide material, and the thickness of the second layer of a metal-doped chalcogenide

material is less than the thickness of the third layer of a metal-doped chalcogenide material.



conductive growh can be fornmed to electrically couple together the third
and fourth electrode I|ayers. 19. The nenory cell of claim 18 wherein at

| east onewofo3wi2$irst, second, third, and fourth el ectr ®de/usaye32s6
conprises a conposition of a silver material. 20. The nenory cell of claim

18 wherein the first, second, third,4and fourth conductive material are
the sanme. 21. The nenory cell of claﬁn118 wherein the thickness of the

first layer of a nmetal-doped chal cogenide naterial is |less than the

t hi ckness of the second | ayer of a netal -doped chal cogenide material, and
the thickness @& t hdhgememam gglbrof glaig hdtwhereispllg wptal-densdnibglsogsrideer i al

is | . t L yer of a netal -doped chal cogeni de
nate??%?ﬁagﬁggpg?ég%éﬁggéi6%%&%%%%%%“%%Mé%2 The nenory cell of claim 18
wherein the netal -doped chal cogenide material of the first, second, and
third layers are the same. 2 cell, of claim18 wherein_ fhe

3. .The nenor
met al - doped chgﬁcoggﬁFdEmnﬂﬁﬁéﬂléf‘%?maﬂgﬂﬂﬁ§?n0W@lﬁﬂﬁfﬁﬁmﬁi¢§k?g§%%bnd, or
thir r. [ t erl : {.st g of
gor sy o oL pERIALS B8 (TR KL G BB MRy F el B R CAR I I 1
sul f igteup 2¢hsisfihe ofrgemiapiune Istlenifie, cdrsanin Sfidd) @emhanith aeliveida) ardiogeeglanium
chalcogggide material of at |east one of the first, second, or third
| ayer¥**npri ses a conposition of germanium selenide. 25. The nenory cel
of claim 18 wherein the first electrode is positioned below the second
el ectrode, the second electrode is positioned below the third el ectrode,
and the third2él ecfThedeemseryposl tof ot b | wiwreihetht ouetthdeded cdhrlodgenid26. The

menory cell .of. claim rei n under .t he appli.cati on of. the rogranm n
ol S et DR B e o o e s e D P ESH 4 fomp sk ot o e Ros o e -
firstgephget rode

25.  The memory cell of claim 18 wherein the first electrode is positioned
below the second electrode, the second electrode is positioned below the third electrode, and the

third electrode is positioned below the fourth electrode.

26.  The memory cell of claim 18 wherein under the application of the
programming voltage, the first conductive growth couples the third electrode to the first electrode

prior to the second conductive growth coupling the second electrode to the third electrode.

27. A memory device, comprising:
a memory array comprising a plurality of memory cells arranged in rows and
columns, each memory cell comprising:
a first electrode layer formed from a first conductive material and coupled
to a respective row;
a second electrode layer formed from a second conductive material;
a first layer of a metal-doped chalcogenide material disposed between and

adjoining the first and second electrode layers, the first layer providing a medium in which a



prior to the second conductive growth coupling the second electrode to the
third electrode. 27. A nenory device, conprising: a nmenory array conprising
a plural iwgosi7aesrory cells arranged in rows and col ums pcedashs/oeeory cel |
conprising:.a first electrode layer formed froma first conductive nmateri al
and coupled to a respective row, a gecond el ectrode layer fornmed froma
second conductive material; a first layer of a netal -doped chal cogeni de
mat eri al di sposed between and adjoining the first and second el ectrode

| ayers, the first |aye rovidj ng. a, medi ym i ' A 5

PCT/ ¢S0i8#0322re WHb friule ﬁv@eg ) \‘i}teﬁ@’féh' HeaP #é of %?ra} gé’}’{}é& gllr% ca%l}?i ch{n? y isef:é%ﬁ%ell e
toge}agglr, the first and second electrode |ayers; a third el ectrode |ayer
fornsd ftoma third conductive material and coupled to a respective

col um; and a second thiay electibde lawst dbmepdpEamc hathid gemdevrabaenal 2 sposed
bet ween_ and adj oj ni n&g&ﬂhe Eecond and third electrode | ayers, the second

| ay e FOUMeP @it e vine AT #R° whi ch a conductive growth can be forned to

el ectrically coupl e, ;Q984 Ngker bhe nfeeg@ppedadt@icopénide mateeial dispted bgtersy a row
address decoder for selecting a row of nmenory cells corresponding to a row

addr esd adjainirg) therseanidr aukthirdcdersiods dayvesse thscieronst BYBOPIGHITING 2 MEABTY el | s
correspondin to a cal um, address. I Ll | i s&pupl ed
fo t RAIGRaAEORAUSYe groWEh Fan be gor{nea Yo efegﬁggﬂgﬁ%e%%éﬁxkp@le%%&ﬁ ahf YhifD

ata from an ata to the nmenory cells
sel egfegflodMagdre row and columm address decoders;

a row address decoder for selecting a row of memory cells corresponding to a row

address;

a column address decoder for selecting a column of memory cells corresponding

to a column address;

reading and writing circuitry coupled to the memory array to read data from and
write data to the memory cells selected by the row and column address decoders;

a data path coupled between the reading and writing circuitry and an external data

terminal of the memory device; and

a command decoder operable to generate control signals responsive to memory

commands applied to the memory device.

28.  The memory device of claim 27 wherein the first conductive layer of each

memory cell is formed from a composition of a silver material.

{

29.  The memory device of claim 27 wherein the conductive material of the

first, second and third electrodes is the same.

30. The memory device of claim 27 wherein the thickness of the first layer of

a metal-doped chalcogenide material is less than the thickness of the second layer of a metal-

doped chalcogenide material.



a data path coupled between the reading and witing circuitry and an
external data termnal of the nmenory device; and a command decoder

oper abl e wo ogeme@at e control signals responsive to nenory PCrarsosntse appl i ed
to the nenory device. 28. The nenory device of claim27 wherein the first
conductive |l ayer of each nenory ce:lé is formed froma conposition of a
silver material. 29. The nenory device of claim27 wherein the conductive
material of the first, second and third electrodes is the sane 30. The
menory devi ce of claim 27 wherein the thickness of the first er of a
net al - doped chal.cogEhd decraiy edavige ¢l clagg 2% I’Téﬁfet“he‘?a’?]hllﬁ‘?éﬁ%%’sc%'f ¥“Pﬂ’ﬁrsecond
| ayer of .a nmetal - doped chal cogenide material. WO 03/073428 16

PCT/ 6@6@75@226 31. The nenory device of claim 27 wherein each nenory cell
further conpri geésirthaldcaudd fbnﬁbceﬁbm@ofeuﬁmcdmdctfueamtmaﬂmdt h conducti ve
material; and a third | ayer of a net al - doped chal cqageni mat er,i a|. di sposed
bet ween t he t hirthird ker efoumetal éP%it"‘rbéﬁégq emgter‘?lh‘ggﬁoﬁ?cfgetlwﬁffbfhegl”&gi d!ong a
medi u i i oupl e

T oge R P B e e B o m 27
wher @ florled toeleaticdlgnRdple hedetey drithied amisfoenth elbctafdes.he first and second

| ayers are the sanme. 33. The nenory device of claim 27 wherein the

nmet al - doped chal cogenide naterial of the first and second | ayers conprise
a silver glassg te*rh@ en?oﬁ;é dhge B TR eVh&GEinOhe GheddiMopéd BRAERERdS he

met al - doped cha ‘cogeni terial of at |east one of the first or second

| ay emsat@ilpf the €8st andredcond hlers etegh¢ gahef r om t he gr oup

33.  The memory device of claim 27 wherein the metal-doped chalcogenide

material of the first and second layers comprise a silver glass material.

34.  The memory device of claim 27 wherein the metal-doped chalcogenide
material of at least one of the first or second layers comprises a material selected from the group

consisting of germanium selenide, arsenic sulfide, germanium telluride, and germanium sulfide.

35. The memory cell of claim 27 wherein the metal-doped chalcogenide
material of at least one of the first or second layers comprises a composition of germanium

selenide.

36. A memory device, comprising:
a memory array comprising a plurality of memory cells arranged in rows and
columns, the memory cells comprising:
a first electrode coupled a respective row;
a second electrode coupled to a respective column;

a multiple layer data state stack in which multiple data states are stored,

the data-state stack including:



consi sting of germanium sel enide, arsenic sulfide, germaniumtelluride, and
germani um sul fide. 35. The nenory cell of claim 27 wherein the netal -doped
chal cogerwoas/omateri al of at | east one of the first or seecndSHayRL6
conprises a conposition of germanium selenide. 36. A nenory devi ce,
conprising: a nmenory array conprisipg a plurality of nenory cells arranged
inrows and colums, the nenory cells conprising: a first el ectrode

coupl ed a respective row, a second el ectrode coupled to a respective

colum; a nultiple | r dat sta I tes are
stored, the data- sat§¥ 1§5fé a?go%eé %O%eéy%?gﬁ% %%@b@f%@gﬁ%‘)@Z% a
fi rsglegt@(y&rthgfﬁrﬁld%;@wwtﬂ;ﬁbﬁh@s@genl de material adjoining the first

el ectrode, the first |layer having a first thickness; a third electrode

layer of a conduct i thirdeelestiodt laygf of nicrgduchee majegipl P‘Q?’é‘l‘ng the dirgt lavgond

| ayer cPf a netal -doped chal cogenide material adjoining the third electrode
| ayef™ t he second | ayer having a second thickness, wherein application of a
progranm ng vol t age, §e@ohdRyéd crﬁatmechle@dpre@dhalcdgeﬁﬁuemta:macﬂjommmmmdf a
first conductive growth fromthe third electrode |layer to the first

el ecbkddﬁleémr,éh%@é@rﬂﬂaw@GW@gP\?@COQNJWIWWSF om the second el ectrode too the
third el ectrode Iaye r ti menory
cell s correspondi ng erem gpg)WCQ%gr §§s§‘ glg)%%gnﬁlﬁ%%%%%eg gg%lgtere%{rme

sel egldubg e FOINHNON O arfﬁfﬁt)rcyndleh‘iles goonh éspothdi thiyd electrode layer to the first

electrode and a second conductive growth from the second electrode too the third electrode layer;

a row address decoder for selecting a row of memory cells corresponding to a row

address;

a column address decoder for selecting a column of memory cells corresponding

to a column address;

reading and writing circuitry coupled to the memory array to read data from and
write data to the memory cells selected by the row and column address decoders;

a data path coupled between the reading and writing circuitry and an external data

terminal of the memory device; and

a command decoder operable to generate control signals responsive to memory

commands applied to the memory device.

37. The memory device of claim 36 wherein the first voltage is positive

relative to the second voltage.

38.  The memory device of claim 36 wherein the first portion is positioned

below the third electrode, and the third electrode is positioned below the second portion.



to a colum address; reading and witing circuitry coupled to the nenory
array to read data fromand wite data to the nenory cells selected by the
row and cwbuwasi7xdslr ess decoders; a data path coupl ed bet ween/uSagoxneadi ng
and witing circuitry and an external data termnal of the nenory devi ce;
and a command decoder operable to geRerate control signals responsive to
menory comrands applied to the nenory device. 37. The nenory devi ce of
claim 36 wherein the first voltage is positive relative to the second

vol tage. 38. The nenpry device of claim 36 wherein the first. portion is
posi ti oned beﬁ8m1tﬂbePWWWHYékéG?F%d@?maﬂg“@ﬁ@“{HFr SEP%%?PdﬂQOPéomﬂ

oS! LRAGY AELANS fIE AFLARCORI LioRe M) ORI R-kRnRETLLSIPLIaZA0030. The

menor erein the first portion is positione

| at ertgt becomdlpatiemt to the third electrode, and the third electrode is
positioned laterally adjacent to the second portion. 40. The nenory device
of claim36 wherein the first thickness is | ess than the second thickness.

41. The menory sdevi §ge &‘Ie B R0 MIS e whRba thd i@t Bikkinbkat leedthah tHehe
progranmm ng vol tage, the fiTst conductive growth couples the third

el ectgeodtd thiokddse first electrode prior to the second conductive growh
coupling the second electrode to the third el ectrode. 42. A nethod of
storing nultiple data states in a nenory, conprising: to store a first data

state, short cigicui tihBgndndy’ &vi®l 6CtbREB6t Phacinearie tie) egilicaiier bpthechange
a resistance froman initial resistance to a first resistance; to store a

seconptogramanisg wtltege,shofitst einduetivel gigvthirouples badhied deqtiodaéo the figstelsriree

prior to the second conductive growth coupling the second electrode to the third electrode.

42. A method of storing multiple data states in a memory, comprising:

to store a first data state, short circuiting a first electrode to a second electrode to
change a resistance from an initial resistance to a first resistance;

to store a second data state, short circuiting the second electrode to a third
electrode to change the first resistance to a second resistance; and

to store a third data state, substantially maintaining the initial resistance between

the first and second electrodes and the second and third electrodes.

43.  The method of claim 42 wherein short circuiting the first electrode to a
second electrode comprises applying a programming voltage to induce the formation of a
conductive growth from the first electrode that couples the first electrode to the second electrode
and wherein short circuiting the second electrode to the third electrode comprises applying the
programming voltage to induce the formation of a conductive growth from the second electrode

that couples the second electrode to the third electrode.



el ectrode to change the first resistance to a second resistance; and to
store a third data state, substantially nmaintaining the initial resistance
bet ween wba3sfrysts and second el ectrodes and the second amdTiUsos/0B226

el ectrodes. 43. The method of claim42 wherein short circuiting the first
el ectrode to a second el ectrode corl?ri ses applying a progranm ng vol tage
to induce the formation of a conductfive growh fromthe first el ectrode
that couples the first electrode to the second el ectrode and wherein short
circuiting the second el ectrod Q the third el ectro'ge conpr i ses _appl yi ng
the programi At voIT?%lg'@ettthiWﬁLPigémt He POPHY i otndst He canpiicatany &f gfewt h

from E%Sgﬁ&%ng%%ggg%e; gﬁg elebti&de g%ph%%c&i% Seagone.Bhagiade pfigr_ thget hird

el ectr 9 PCT/US03/ 03226 44. The nethod of claim43

wher aedond Bitetroddshoapptuitiag tocthe tiirdteheetroge. ogr anmi ng vol tage the first

el ectrode is short circuited to the second el ectrode prior to the second
el ectrode short circuiting to the third electrode. 45. The nethod of claim

42, further cogpri STRgplemhodt @ Gaifh ip%&ﬁbr%h@ri%?tt@,smr@ b rtic st Wiatd, N9 t he
third electrode to a fourth el ectrode to change the second resistance to a

t hi r dhort eisdustiranihe thigicelecirode thotbuttbeldctipde toghangeithe sqebed sisatapcaeraghipd cel |
conprising: formng a first electrode |layer froma first conductive

mat efFS48%¢orning a first layer froma netal -doped chal cogeni de material on
the first electrode |ayer, formng a second el ectrode |layer froma second
conductive material on the first layer; formng a second |ayer froma

met al - doped chdé.cogémeeoder &rinate omultiple siaie memonetadlc compesiigyer ; and

forming a first electrode layer from a first conductive material;

forming a first layer from a metal-doped chalcogenide material on the first

electrode layer,

forming a second electrode layer from a second conductive material on the first
layer;
forming a second layer from a metal-doped chalcogenide material on the second

electrode layer; and

forming a third electrode layer from a third conductive material on the second
layer,

the first layer providing a medium in which a conductive growth can be formed to
electrically couple together the first and second electrode layers and the second layer providing a

medium in which a conductive growth can be formed to electrically couple together the second

and third electrode layers.

47.  The method of claim 46 wherein forming the first electrode layer

comprises forming the first electrode layer from a composition of a silver material.

48.  The method of claim 46 wherein forming the first and second electrode

layers comprises forming the first and second electrodes from the same type of material.



formng a third electrode layer froma third conductive material on the
second | ayer, the first layer providing a nediumin which a conductive
growt h cawolwa/ofzesred to electrically coupl e together thePCirresns/esrds second
el ectrode | ayers and the second | ayer providing a mnediumin which a
conductive growth can be forned to ejgctrically couple together the second
and third el ectrode |ayers. 47. The nethod of claim46 wherein formng the
first electrode |layer conprises formng the first electrode |ayer froma
conposition of si l.ver terkal. ...rhe t hod, of .claim 4 er ei
formng the first an e§8%ﬁﬂ§°£?%5?%§d@“”?ﬁ @WE“%QHbﬁ?éggeﬁﬁghﬁﬁﬁuﬁﬁ Cfirst
and S&‘é@xﬁ‘tﬂlagéreéb'frr[ el thé €irst aRRr hyABe fthidRie8s 13 thalehO8idkhad42d the

PCT/ US03/ 03226 20 49. The nmethod of claim46 wherein formng the first

| ayer segpmefl faperni ng the second | ayer conprises forming the first |ayer
havi ng a thickness | ess than the thickness of the second |ayer. 50. The
nmet hod of claim46 wherein formng the first |ayer and formng the second
| ayer conpri sessg or Mihagnéthed bf tlaim Hayeerdia foridn@ tHehfilk ReSSar@r Rahp thdhran t he
t hi ckness of the second layer. 51. The nethod of claim46, further

conpr $espriylaygrepmprsesdomting thel figgiday e havingre thickngesperepternihin by drrknssnefited i al  on
the t k&&ilﬁgectrode | ayer; and formng a fourth electrode fornmed froma
fourth conduieti ve material on the third | ayer, the third layer providing a
mediumin which a conductive gromh can be forned to electrically couple
together the third and fourth electrode |ayers, 52. The nethod of claim46
wherei n the netdr- dopedrsehed Lsieni Qe UFBELTIAISE.: the first and second

layers are the 08ffig a third layer of a metal-doped chalcogenide material on the third
electrode layer; and

forming a fourth electrode formed from a fourth conductive material on the third

layer, the third layer providing a medium in which a conductive growth can be formed to

electrically couple together the third and fourth electrode layers.

52.  The method of claim 46 wherein the metal-doped chalcogenide material of

the first and second layers are the same.

53.  The method of claim 46 wherein the metal-doped chalcogenide material of
at least one of the first or second layers comprises a material selected from the group consisting

of germanium selenide, arsenic sulfide, germanium telluride, and germanium sulfide.

54. The memory cell of claim 46 wherein the metal-doped chalcogenide
material of at least one of the first or second layers comprises a composition of germanium

selenide.



53. The nethod of claim46 wherein the netal -doped chal cogeni de material of
at least one of the first or second |ayers conprises a material selected
from the womap7aensi sting of germani um sel eni de, ar seni c PSIIUS0sIe3226
germaniumtel luride, and germani um sul fide. 54. The nenory cell of claim46
wherein the netal -doped chal cogenidg material of at |east one of the first
or second | ayers conprises a conposition of germanium selenide. WO
03/073428 21 PCT/ US03/ 03226 55. The nmethod of claim46 wherein the first

el ectrode is forned beneath e t.he fir. r med
beneath t he séfond k éFél?tﬂ‘ro&o‘gt Ck’t“ﬁ és‘@ﬁ%ﬂa%%el é‘é{ lggfaoc{lesl?%orfn%ég) agln%lgth t he
secafig | géfe{Pﬁ Rl & i%ﬁﬁ&ﬁgede%%e isofspmddbanesddond BRcldderid fahedt r ode

| ayer. lg e method of claim46 wherein the first electrode is formed

ad] apaaith tHeesecdndister, lang e, seednd lasier istformagdehengath the theheladjode &yer-t he second
el ectrode, the second el ectrode is forned adjacent the second |ayer, and
the second layer is forned adjacent the third el ectrode |ayer.

56.  The method of claim 46 wherein the first electrode is formed adjacent the
first layer, the first layer is formed adjacent the second electrode, the second electrode is formed

adjacent the second layer, and the second layer is formed adjacent the third electrode layer.



