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CELL TECHNI CAL FI ELD "The invention relates to random access nenories
("RAVS") , WHORH28 particularly to menory cells of a RAM F4F4BI0%0826 st ori ng
data in nultiple data states. 5 BACKGROUND OF THE | NVENTI ON Random access
menory devices are an integral part of any conputing environnent. Wthout

these nenory devices, processing data in a conputing device would be nearly
i npossi bl e. Consequently, there has been a great anmount of research and

devel opment directed to, hh?r mf Iéfc?}?? ?E?put er nmenory. The
research and 10 devel opnen Iﬁfégﬁﬁﬁggﬁec g O dtferent areas related to

" conmputer nmenory, fox exanple, in increasing the speed at which data stored
by the nenory devices can be accessed, in designing nenories with | ower
power coﬁ&@&éﬂ% in engi neering menmory devi ces having greater data

tention tines. Addjt ' t
et ort hae: been i bl Yela@ o R e ALs HARAEO (HLGE® 2B B SMOLT

data 15 pafiaglaily to e@oB0RUEoS 4 RAM capable ofabrihgddtn trealspleganstigsy density
has been to decrease the size of nenory devices, and nore particularly,
decrease the size of nmenory cells. As a result, the size of nenory cells

have e rdgﬁﬁ gngyeﬁaf b he recent past. However, the size of
' mam)r?ecglAls a@e I m mx'ggggi/glg'r{t%rg poi nt where the current 20 state of
processi ng technol Rayddns abes$ thepng tdenicty azhan listageld pahef amprushgatisg i Nng

menory devices with these feature sizes. Anqgther approach to the nory
density amdroament. cWiheytithesp aemorhdryigsedroEsTeg faie it SRS RSP ces
that are ri j e S V, '%g&! j nary
menory. ?ﬁggg?}é?mgésﬁ\%ér)itig%ggﬁrg}gt%?&%t%rse%& gf§£%aﬁgg8%?n§:§/eg or rram?i, wher e
data is dé¢wloptheas deedtébto thaereafoftravalodi ddcesservimpuiset anesdoay.e The Wistdrclandrul ti pl e

Wher o0t HESYRIAREETY b1 GreR APt o e s G Gy comPalpT FRIOTACLEREER & i ¢ h
mul ti pl emdﬁlkf%aﬁhgtﬁe ﬁ%@@rav which%f?té\z@?ﬁ)gztﬁ? SRl Y3038 48 st data in

various states. Further describe aforenmentioned patents are various
st ruct ur dsignidgppdhiemeries wath laweiM@wen cdiduirgrtion; arelpipl angmeerongsmenidryhisugs t her e

Fosi ot anbB HOAGREdE FePR T8 appf SEPI ot U CHOH S TPt
ovel oprany T B e R o e R e I e
guantli5zatapacityof data states. Therefore, there is a need for
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
capz}city 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,



a:_]t ernative approaches"to storing data in nultiple data states. SUMVARY OF

THE | NVENJI 16, present invention is directed to a nulti tate

menory ng{'log}}zp%g&io menory cell includes a first el ectrodg%}rg{ﬁg%ﬁ@ned

froma first conductive material, a second electrode |ayer fornmed froma

second conductive material, and a first layer of a netal-doped chal cogeni de

mat eri al di sposed between the first and second el ectrode | ayers, the first

| ayer providing a mediumin which a conductive growth can be formed to

el ectri Cﬁ{)xleydaﬁoﬂpbﬁiotu@gfatté&erFM@r ddséPledandhs eaitbnBbaST pAsles haYarfisus The

. mermory cell further 15 includes a third el ectrode |ayer formed froma third
conduct i stewctvedl emibaliimentofa RMEdmdifferepbapplitatipnaet al - doped chal cogeni de

T B out o v RO B R B b, e SRR BBl 5"
el ect ri cald.¥1eGedRhEce AARLIG! it WAE bs asmBdatedehat Rew dn@hRghdtivdappoy@desto BRI EF
DESCRI PTION OF THE DRAWNGS 20 Figure 1 is a cross-sectional view of an

enbodiSnethis aréa isheill pessibie. oRor dxagplee furthar devgtopmenb insths dieqa afrratltipieddata of t he

enbodi nent. of Fi gur i.Ilustrati.ng. th eration theregf . Figure .3 is a
cr oss- settlf GFERC icéﬁ? é‘_f“%gl“ﬁﬂ?mgﬁﬁaioﬁéﬁ{g‘ S(S%es_t hghﬁr%ghﬁ?eﬁenfs ieﬁgf T4is a
bl ock di ALARVOhp@odhRl £AkorRMafain HRW At Rhtes.NCl udes one or 25 nore
menory arrays of ‘the present enbodi nent. WO 03/073428 5 PCT/ US03/ 03226

approximately the same, or the thickness t1 may be less than t1l. As will be
expl ai negd | | I t he conposition of the respective
neta|-qo%%@aé%§&§8€3&ﬁ%ﬁ¢?§§@ﬁ@“206 and 208 may need to be nodified in
order to acconmodatig hadaf fvéRPnaaireted tavhiigiplalat-ndiste bthknesds ekhe For med
on the netal -doped chal cogeni de | ayer 208 is another netal 5 el ectrode

| ayerl021@emotyi el insprdes enfirst elactendodeyestfomed fiomta Hrse-cordichvarmmirpl, @el | 200.

The netal electrode |ayer 2 and the floating el rode | I ar e

typi cal I o9k %frqdr%olfﬁ' %Hr@"g%mﬁaat %elp?léc{ co Ct|1‘%I I&%‘t%(rﬁéllt é |anfﬁ %ﬁ&ﬁ%gﬁf t he
cat hode jhsaf @5geRENRRLSMideNBateR dBpoddaWeMRkn thd fiddt ddd Reordncaciatagelst hat the
arrangenment of the two |ayers may be reversed as well w thout departing

f r om t heths dirple layer pheviging se medjuny émtvhigh. 2 Mondesive growi casy be dagmetigto

orientation.illustrated .in Figure 1l ca e a i ous

| ayers a‘?l%wfl%ﬁl%éaui"% togshsF ittﬁeoﬁ'tsé?ndosffoé@tegﬁcfréﬁe B"@? %/e ?}1{8 gn ey;?%gdgﬁg}é%r an
anodqst hgtluaésen thatiletrbde RPGIBEhed TR a HirHoade:tivd ldigial, ahd a védohd bger

appreci ated that many materi als known by those of ordinary skill ié\ the art

may be usforimietal-dppesl ohelcoigenidp outesinladispaged betavepm fher sscoqdondethisdsiestrode

conpositjons 15 of rmani um. sel eni.de,. GexXge can..he d SR Y
ratios af€et ?%:opgﬁadrgr Pr_roéfﬁ’tgeazlé‘gél%’ ‘P%ﬁéﬁ%@@ﬁ%‘%sg F ?’glncsang% ar segl;li c

sul fi de, (oGRICHRAIIY BHIHRE todbihetthe SEndAIdTHIA elBtteddelldydss. can al so be used for

t he netal -doped chal' cogenide |layers. Simlarly, materials that can be used

for the el ectrode | ayers are al so known, such as silver, conpositions of

silver s | i nide, and the like. It wll be
apprecia ]ﬁﬂ§§CW%8%§rﬁﬁg§M§erl als that display the sane
charagteristics asrikmewis deioss-keatisnal diewadfan ehdodiart sfake inkentivat al - doped

chal cogeni de and el ectrode |layers w thout deviating fromthe_scope of the
present inventi on.FigwesRaraereoprosstssetional tvigyyseof ttha embadimept ebHiewed

|.I | ust raih%g{raﬁrﬁg '?ﬁegéjﬂe?an%nltﬁereoﬂ |

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.



capable of storing nultiple states by altering or progranm ng the total
resi stance between 25 the anode and the cathode in a relatively digital
fashion. W% ance of the menory cell 200 can then ne&d(y am8§6
conpared to determ ne the value of the data stored by the nenory cell 200.
As a result of the relatively discreteSmnner in which the resistance can
be changed, multiple states can be stored by the nenory cell 200. WO

03/ 073a28 7 PCT/ US03/ 03226 netal electrode |layer 202 is short circuited to
the floating electrode |aye 6. b he nduct,i ve growt.h ,304., A readi ng
Cerrout o el b et e B b St B TS wlafh, O A3l o kel BT
menory celore 4881 bélo@! BRIcobPositibe bRtheeedpbive dhatalsdoped ehdlyogthlge Bgbk 20 he
grow h of the conductive growths 304 and 308 is dependent on the 5

ori ent at Perh 288 mayenced de tbeimedified & ardgpin pecgmmpdaigelaygsprgP§ and P8 2gong That
is, as diseu sQ. far | i le yer 210
oo R Ronfted o WREReRRR P Sl ool B 20 b Bl et
el ect sodeglettpyRNay2P21d, i whih reptdients ad A@de bf the udtipleeatdline6iy el 200. FhoW h is

fromthe nmetal electrode |ayer 202 to the floating el ectrode |ayer 206.
Simlarl gn,etaéebetrmigd@yeval@mxwhn flgating Pectiode kaver 206t asp bipieglly rosmed femfthoat i ng

el ectrode | ayer .206, t. 0 a | de.l a 21 Ho er, 1t wll
be- appr egs Haterfin sy leg PP L, B COMIRIE Pk eSiine BRE MBhreutn oy wi 1)
reduce WhakVBE apgrocibied ithat e idahgdhamt b BE Vdyetssintly fberrsRgsed GRnNs@DUENt |y,
the nenory cell 200 can be programmed to store a different data state by
changi ngWitheutpdepartingy fram thee seaps| olethey Breseny dnyentione  Mareavpr ctle | vepal duri ng
are Of W i : I: Ok resi t | 200.
5" | 10 Pretitof {ARERA 6 idhle FRANAF b B8 BhPAETaMus MEEERIRCEE | O
use Wit ha hotigtaenématidn teheedpraaadnte mnd/adnode thas areddtbrain spaced apait fiome  of
ordinary skill in the art, and nay be inpl enented using conventi onal
circuit ronea@th§esign. It will be further appreciated that the descri ption
provi ded herein | fi bk G . FOLgPeldel Skit 4okl Jig art to
practice the inveflltt ?ch)lrl\. %B&%glafepltﬁds??gg gg%%na@gl gtﬁ{egsggl?ssaégp%r?lga i%n of a
vol t age inah¢ e map dbe asddnfdtitesndtileloped chaldogenidd lapat. Bod examplegtoctposi@ony owt h
304, _but conductive gr.ow 08 as wel | wever, because the thigkness of
the I yef! BEmapmy I Srdte AR ek n S EMBT RS JJ6An SE4TED FOR. i ven
appl i ed wel, 5408 69§e95_@oﬁ]gssiﬂbﬂstdf%&n&t@fﬁleﬁggﬂfa}ﬁuﬁ?{eﬁluﬁ@@ ahdgertRhiAge
across the Tayer 208 is greater than the vol'tage across the lNayer 204.
Consequesfide canhusoe sk &drithg metab-dopeddbal2@fenide 1syens. t Siciiladyi haeridlothithe anode
before the cathode js short circuited to the floating el ectrode. 206. Wth
cont i nue‘amdﬁwsie‘gg{’it ﬁeksftr%cfevlamrag@ ¥ koumathsaes sy easprasitions &t %’wsw h 304
event ual Ly, ceahns. aoSan bt LRkt eficd NGy Gl goisik @udk It 1 N

el ectrodgeeyeé%dgf %%ﬁ%g gi‘%um ng Stﬁﬁe r’e%?ipgen@é'bg% ween tﬁpe‘ﬁanofle ezlin(i t he

cat h@tle developed mderiaB| tBa3digHayP tHeGamdIDZANBALE s As kaown ynaterialscean=00 Yehat

of “the.  ¥RRTET B e LAl SRR S5 o i AR 0E Tt dos B

command s@@?@&lﬁﬁe?@&nﬁﬂ%xxtﬁ&ﬁei ves menory conmmand through a command bus 508
and generates cofresponding control signals. A row or colum address 5 is

applied to the nernropectuncthe 50dtiplarstategmemnryackdlr 200 ilhswats (n Bigdrei kidecoded
by a row address decoder 524 or_a cqlumm address decoder 528, E%tsygectively.
Menor y aqapgﬁe PE &GS MULRIP StaffSth2l88Re OF RFOBBTNIRE ¢ %ﬁ%ﬁéﬁ%ﬁ%ﬂ&@ Mt o
Provige §eathdiaha thcathddRlifta Plhikely Mphdl BshRA% The RefstadeP BF 1 Wity €L @ bus

540. Wite data are applied to the nenory array through a data input buffer
544 and 2(fecarethon ymensurag orecooiiparddt to ddteroune the €80 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.




. The menory cell of c

10 Fromthe foregoing it will be appreciated that, although specific
enbodi nrents of the invention have been descri bed herein for Fur?/oses of

i |1 ustrat YOP¥N3P ous nodi fications rnay be made wi t hout FEI R ﬂ:&z?rom t he

spirit and scope of the invention. Ac?ordingly, the invention is not
limted except as by the appended clafns. r WO 03/073a28 11

PCT/ US03/ 03226 6. The nenory cell of claim1 wherein the thickness of the
first layer of a netal -doped chal cogenide material is | ess than the

t hi cknesgetqlf elE&?od"eeE?&dzdza}é%hoﬁf cifeulfBd % 1o peAtinzhakarEe Napte 208ty iRl - 7.
aim1 wherein the thickness of the second l'ayer of a

met al - dopedictive lgcogbrilde Aatadinga¢ircquyt coepled tchthe méreory triel K98 greastres the fir st

| ayer of a netal...doped chal eni de teri.al ... The [ ell of claim

1, furt HEYSRISHOF S hgety °?%3&?W oégeéég?%ﬁgn?eot}’ﬁaﬁitafs{%@n%%é?lgh conducti ve
material; and a t"[*h@%rb\%h%f Bt RnoRkiet peReS 300 ahe 0081k depdmbdrdnathedi sposed

between the third and fourth electrode layers, the third layer providing a

medi Uim ioniemhtiothof thecdautticet field agploadt th themeiberyfastirad. tThabiseat dipasasedysocoupl e
together,. the third and fourth el ectrodes,. 9. The nmemgry cell qgf .claim1l
wher e n e opkekn PaBRE BhieBLerifodk et 210 e BE PR P e
layers apeydifage apiiRd td the il IRIBAY1a§&1202 @f e, GhettahddeyiBESHR diB@idwRifal - doped
chal cogeni de material of the first and second | ayers conprise a silver

gl ass nm@rewthas frofultha metdl eleptredesiayar @0%tmthe floating electtodp ldyst 2. Samilanlst

el ectrode coupled to,a first volt : Seco | ect rode ,cou 0 a
second @oqoflg Ive growtheyill b t%)%eéfre’%%ﬁg’ggffoﬁ g‘ers}foﬁgﬂg F#?C%CECIPPIC Ebf!gop & data
statap HeRalelRtBds lah &2 102 RWRYE! R will 86 kpprétGdietiihBCappacdtioh D tHAkblth@inof a
nmet al - doped chal cogeni de material adjoining the first electrode, the first

por t i on ahapperjtegpoldrity will méduke ehstever aohductive Bwevth barebesh piedenshiuformed
T GRS B! 3 R Lg% R TR PR L7702
formed fch thie polarigPHOMe bpMRARIESH Blthe MeBHORH W0ekiing dgeddatatritt or ned
froma second conductive material;
operation to change the resistance of the memory cell 200.
15 It will be further appreciated that reading and writing circuitry for use with
embodiments of the present inventiorn is well known to those of ordinary skill in the art,
and may be implemented using conventional circuitry and design. It vfrill 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




adfirst | ayer of a netal -doped chal cogeni de material disposed between and
adjoining. the first and second el ectrode |ayers, the firs vi di ng
a medi umqm%ﬁdﬁ‘ a conductive growh can be fornmed to el kg%&}é@l‘f:‘?&ocoupl e
together the first and second electroge |layers; a third el ectrode | ayer
formed froma third conductive materidl; a second | ayer of a netal -doped
chal-cogeni de material di sposed between and adj oi ning the second and third
el ectrode | ayers, the second | ayer providing a nediumin which a conductive
growth can be for gdndmore! geict is0althat iacluddser ne@bE&tayt 502 Reviipnfledbd t hird
el ectrode | ayers; a fourth electrode_ |layer formed froma fourth conductive
mat er i al cellaggeordingtp | eppleadinaent T ey Hvetinmely shown db digireld- nEheePPmPrydi sposed
bet ween InOL [y ' . ird
ayer progRaieag: § Sokahi Sat SO ILEELEE BBMEY XSy BERY 1

el ectri camnyand®iR! 308tang eeheited Sdrespundthgatdirdlaigrials. el est bocttuhAyédisss 19. The
nennrg cell of claim18 wherein at |east one of the first, second, third,

u

and f euris apRlieddp trimemapeayicecpf throngh an address dus P angt isdeeqded by afaveri al .
20. The i i i d, i nd
fourth c%ﬁ u%%éfgogdelfras?grfﬁja? Jag} e \r%,g@segsrrg?&g% giﬁ"u Zr%ﬂ’g?rtg& 'cé\fl %xg%r?daéfagi m 18
wher ei n feltBwiitel dtcnitsss53tf ark oupled &t the ayey SO togprowitiakead daado ahikLcageni de

material i s lLess_than the thickness of the second I%ﬁer of a netal -doped

chal cogetwige S3hivi p Apput-guiput fata bps efthe daitpdatprige aRRIGH do ItheBemely agray
tal -d i b al. i he -1 hi f the third
oyer of BSUeE A BpEAAA LERL A hd o heindrPatay WAHIZALEIAESS 05 11O (M

PCT/ U803/ 03226 coridomt ithwe fgregoinh dtarwilie bk oapeetidted ethect alttwagh yspecifipl e

together the first and, second, el ectrode | ayers,; third el ecirode | ayer
formed fARARRIE Pf teo HIGERIR, BYenbeen] Fcr’a{’f%%@@&fb?%‘dp'f%osés LRI col umn:
and a s |+ ~g%ﬁp' tefd LSO bet ween
and adjg%ﬁ?%bh?ﬁgﬁgg%%ﬁﬁﬂgﬁgIFﬁgfgﬂ%fgg%fb e ?g@é@gfs%ﬁg&ggggﬁd a?er

pr ovi di rigveatioedAvcnrdinglyhihe inventonid mot limeedymxoet s by thelhppdndeddeintso

el ectrically couple together the second and third el ectrode |ayers; a row
address decoder for selecting a row of nenory cells corresponding to a row
address; a colum address decoder for selecting a colum of nenory cells
corresponding to a columm address; reading and witing circuitry coupled to
the nenory array to read data fromand wite data to the nenory cells

sel ected by the row and col unmm address decoders; a data path coupl ed
between the reading and witing circuitry and an external data term nal of
the nenory device; and a command decoder operable to generate control
signals responsive to nmenory commands applied to the nmenory device.




28. The menory device of claim27 wherein the first conductive |ayer of
each nmenory cell is fornmed froma conposition of a silver iLal.. 29. The
menory dew(l:@/oa?"zél aim 27 wherein the conductive nmateri al Pémﬁt/ﬁ%%ﬁz?st,
second and third electrodes is the same. 30. The nmenory device of claim27
wherein the thickness of the first | ayer of a netal -doped chal cogeni de
material is |less than the thickness of the second | ayer of a netal doped
chal cogeni de materi al . WO 03/073428 17 PCT/ US03/ 03226 a first |ayer of a

met al -doped chag cogeqh e Rt PbiPbr AhPL Wil AR fidditesdrihd iRfifyel §16 17t

. layer having a first thickness; ectrode [ayer of a conductive

mat er inzdtal-@dpeai chialoggértide matessl ik kyethan thadhiakreecafitte barynd lagér of amedtdidodaped

chal cogéni de materjal adjoining the third el ectrode |ayer, the second | ayer
. havi n§halcegsridngatasiatkness, wherein application of a programming vol tage to
the first electrode induces the formation of a first conductive growh from
the third electrode layer to the first electrode and a second conductive
growt h from t he7.secolitt memotyr@tieftaon ti véhetdin tie thickidss oflthe lseoped jayar sfawv

A oSBT prls SR S5 de orine BN e BT AT O © MERARYPe 1 &

corr egRARY3ERGe katefiat0l UM address; reading and witing circuitry coupled to
the nenory array to read data fromand wite data to the nenory cells
sel ected by the row and col um address decoders; a data path coupl ed

bet ween t he rea;gi ng .and writi nﬂ gi r.culjg}rux and an .external data term nal of
the memory devite: ahif BEpERfERal daith RS SPRBIYNG s generate control
si gnal s responsy ffarth QIEREM KRR HRRY Jodlohesbive raigiaTRRRr y device. 37. The

menory device of claim36 wherein the first voltage is positive relative to
the second vol taatherd Bger oftrematehdoped dhaltegennle nedteriahddposdderetivesntthe thiddr st

Post t PBHeRBER bl e et Bhin) B5et BV o prcsift s BRS sfdRalclid roShitel o 1 ©

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 membry 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




PCT/ US03/ 03226 44. The nethod of claim43 wherein under the application of
the programmi ng voltage the first electrode is short circuited to the
second elg’&qs@g%“ﬁri or to the second el ectrode short circ®ATHY3PH2¢ he
third el ectrode. 45. The method of claim42, further conprising to store a
fourth data state, short circuitingjghe third electrode to a fourth

el ectrode to change the second resistance to a third resistance. 46. A

met hod for formng a nmultiple state menory cell, conprising: formng a

first electrode_layer froma first conductive material; formng a first
| ayer from a r’r§§al -db’ﬁ@[!‘pgrgrﬁ‘ftﬁfl’ﬁ&?fyd‘ée nsPHEHE on the first el ectrode

© layer, fornmng,3;§e5RRdel96tHRER fraY 8tirst EQMua RasABGRIcONduUCt i ve nateri al
on the first layer; formng a second |ayer from a netal -doped chal cogeni de

material on the ssendrttcebdriayaderniedyiom a sagand eanditgiiyeanateriald el ect r ode | ayer

" froma third conductive terial ,on.the second_| i f r
provi di ng a nedi ?ﬁilﬁy%&gﬁ ‘ﬁ‘e@iiﬂ?ﬂfét"r 506% Hlag%ﬁr t%SpP gerdrr%egﬁ’t&f)rl W

el ectyfidifht 1hCRUPhiY LOEHMnbliClhbishe T 18R¢ prolidhealmetiam iaydiich and ( he

secon ayer providing a nmediumin which a conductive growh can be forned

to elwotudticagtomthcaplbe fougst foceleatiinally couniel tagather Hierfisteanscserayeclechipds s. 47,

The niet hod of claim46 wherein formng the first electrode | ayer conprises
form'Af™¥he first electrode |layer froma conposition of a silver material.

48. The net hod ,QhirCtigéttodd Gayeh Rirpkedfrbrathitdcérdactiversdatertatd second el ectrode

| ayers conprises formng the first and second el ect,rgéjes fromthe sanme type
of material. awecosl beun o azmepliypeohrloazenilegnaterty dipRAsHh QeBEL AR m 46

wherein.the first electrode is, f t i o i, £ r st

2y craiRINPE oo RSt Bie Rl e e P b of AEIAEL plo BB Lin il §

f or megBREe LRbvith @as 86 FRshdday lectrially tdiplespgeanet thayaond and dinedediedeat h t he
third el ectrode |ayer. 56. The nethod of claim46 wherein the first

el ectleymies i s forned adjacent the first layer, the first layer is forned

adjiacent the second gl ectr alaferfaflaigd adj acent the
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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 9f 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.
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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.
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wherein application of a programming voltage to the first electrode

induces the formation of a first conductive growth from the third 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 voitage 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.
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second electrode short circuiting to the third electrode.

45.  The method of claim 42, further comprising to store a fourth data state,
short circuiting the third electrode to a fourth electrode to change the second resistance to a third

resistance.

46. A method for forming a multiple state memory cell, comprising:
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.
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