WO 03/ 052815 PCT/ US02/ 37020 ELECTRODE STRUCTURE FOR USE I N AN | NTEGRATED
CIRCUT Field of the Invention 5 The present invention relates generally to
sem conduwDB/0s18i1HSs and integrated circuits, and nore parciraishasiogoto an
el ectrode structure for use in integrated circuits, such as electronic
systens, nmenory systens and the |ike. Background of the Invention 10 In
fabricating integrated circuits, sem conductor chips and the I|ike,

chem cal / mechani c i i i niedi at e operation
to planarize a siﬁ&ﬁ@gsaug@t?mﬂmﬁg Tgf's‘fﬁce for
subsequent processing' opeINTRGRATEReCHUUTAK uring of a semni conduct or
chip or integrated circuit. For exanple, electrodes or electrical contacts
between different layers of conductive 15 materials in a sem conductor chip
can be forned by depositing a fFiekkoflt vegtion conducti ve materi al,

typically a met al t haugh ..a sem condugt or erd al be wused as

wel |, and then d dg?ﬁepﬁfageélt]f’ﬂir aai%qngrgﬁ ?ocsﬁgglgg/%nrdhgt\c/’fagtggn%dfi rst conductive
layer. The idieglst didcGitd, al@MmoteSparii@mriyab be eregodosidiore Bt udedast one openi ng
in the dielectric |ayer to expose a portion of the surface of the first
conduct i ve integeated ciisait gudbss slsstiora Ay e memorapystesdthe s o of depth to
wi dth. For instance, the opening can be about half a mcron w de but only
about 500 angstrons deep thus presenting a aspect ratio of about 0.1. A
second | ayer of a different @aRg@undef tiktlavemtion s then deposited on the

dielectric layer_and in the opening.on the first conductiye |ayer to nake
el ectridfl cont d@tfahﬂﬂa%ﬁgﬁt%g%e%‘ﬁ@ﬁlthée%"f’ﬁ&‘fcﬁg chips §P&j§8ﬁ%&cti ve layer. The

25 second C(?q@g)'&ﬁ/hl\é@hdn?cé%l LG e RN G sl Al et A 6ﬂ)§§t§cfnit6 | ayer or
pl anari zed t0 expose the dielectric l'ayer and to forman isol ated

el ectrode oflathaizascenguednpmetde astnifoan,Uees! surfach dorgpbsaqnent pefcessmgs ubsequent
fabrication operatio

s. In_renovipng the .second conductive |ayer by
chemi cal / meRHFE 0BG ?H@B%@FWB“%PPH@&HWE%{?T %Hpt) atectl recuﬁ'orﬁ(():res created

by the CWP proees 3lccRilicdBY BedritARORAMY btReéditRrehRy &b HLMEe30 Mat eri al
of the secong ayer out of the opening thereby destroying the contact.
15 materials in a semiconductor chip can be formed by depositing a first layer of

conductive material, typically a metal, although a semiconductor material could be
used as well, and then depositing a thin dielectric layer over the first conductive
layer. The dielectric layer is then patterned to form at least one opening in the
dielectric layer to expose a portion of the surface of the first conductive layer. The

20 opening can have a small aspect ratio of depth to width. For instance, the opening
can be about half a micron wide but only about 500 angstroms deep thus presenting
a aspect ratio of about 0.1. A second layer of a different conductive material is then
deposited on the dielectric layer and in the opening on the first conductive layer to
make electrical contact through the opening with the first conductive layer. The

25 second conductive layer is then removed form the dielectric layer or planarized to
expose the dielectric layer and to form an isolated electrode or damascene contact
structure in the opening before subsequent fabrication operations. In removing the
second conductive layer by chemical/mechanical processing or planarization (CMP),
the forces created by the CMP process can have a tendency to force the conductive

30  material of the second layer out of the opening thereby destroying the contact.



WO 03/ 052815 PCT/ US02/ 37020 Accordingly, for the reason stated above, and
for other reasons that will becone apparent upon readi ng and under st andi ng
the presewDogpsasi1fi cation, there is a need for an el ectr eda/csoz/smeur e and
met hod of fabrication that provides substantially inproved adhesion
between a first |ayer of conductive material and 5 second | ayer of a
different conductive material, particularly during a CWPP operation, and

that does not advAcselingBt f@ahe kb@n@mwwf&%me??éaséda%attw' ayers or
create an egectrlcal barrier. There is also a need for a nethod of

fabricating BFfOBlCEPPHBRaPosTeading ané undestanbng thegreseftispatificitiodahagés ot her

conponents that. en..f or on.t sanme wafer or
substrate and tehar$y oéélégtnot 2 é\ﬁgrresagﬁmeﬂ?o;a rc{?q{rﬁ%tofggmﬁ‘f 14¢% uring process
by requiri ngst@st&n@aﬂlyfmqmmtedmdhéa;&m bb’twéb@ldll firkaB@r oPERARSSe RREEALAPNS.
Summary of the ventl on %he above nmentioned problens with el ectrode

struct ures asreéO @V%ré’sf@dh srentpondyciive matesial, pagtigelatly dwringywICMA epetpsion,
under st ood bypdri fihcation. FElectrode
Stract ur o, e A o S I kb BB e BB 168l Bttt pvent on
that exhi bi tangtd@nﬂn@dlhweonﬂwem ahefeﬂécrrartheth@m@ﬁmmdaﬁngaﬂelearodéurl ng
manuf act uri nsQ%le ns su%t? g q%}/P w t hout the conductivity between the
| ayers bei ng ad¢e &eéflf)‘é cstior Jostage athensorpnopents taf mgy alreadyhave provi ded
by the 20 pr&%ﬁ'ﬂértﬂeﬂ‘b‘ﬁ%é ind Wa¥er &l%ﬂé%ht@éhﬂ%ﬁ% ¥ rfbftfa&ﬁatrse% %l‘?ect ggmponent s
that may have already been forned on a sem conductor n-accordance
wi th t he 1pr eBartagtynnepoenss by reqelringta ighefisint mahber of addifiardéprosessf i rst | ayer
of conducti veb %Egl al and a dielectric layer fornmed on a surface of the
first layer. yis opening is forned in the dielectric layer to expose a
portion of the 25 surface of the first layer. A binding layer is formed on

the dielectric layer and on the exposed portion of the surface of the
first layer and a second | ayer Symmanychithé lnventien erial is forned on the

Conduet e D10, )y 8 Al A O B P
and a di &f eche pxcsdmiyefrenﬂi@r arEldvitirbeainderstood by reading and studying the following

specification. Electrode structures, memory cells and systems are provided by the

present invention that exhibit good adhesion between different conductive layers

during manufacturing operations such as CMP without the conductivity between the

layers being adversely effected. Methods of fabricating are also provided by the

20  present invention that do not adversely effect other components that may have

already been formed on a semiconductor die.

In accordance with the present invention, an electrode structure includes a
first layer of conductive material and a dielectric layer formed on a surface of the
first layer. An opening is formed in the dielectric layer to expose a portion of the

25  surface of the first layer. A binding layer is formed on the dielectric layer and on
the exposed portion of the surface of the first layer and a second layer of conductive
material is formed on the conductive binding layer.

In accordance with an embodiment of the present invention, a memory cell,
includes a first layer of conductive material and a dielectric layer formed on a

30 surface of the first layer. An opening is formed in the dielectric layer to expose a



30 surface of the first layer. An opening is fornmed in the dielectric |ayer
to expose a 2 WO 03/052815 PCT/ US02/ 37020 portion of the surface of the
first | aywo.03@8s5881Hdi ng | ayer is formed on the dielectric PCayso2/amnd on the
exposed portion of ‘the surface of the first |layer and a second | ayer of
conductive material is formed on the binding |ayer. A |ayer of doped

chal cogenide material is fornmed on the second | ayer of conductive materi al

and a 5 third.la of _con mat er i a| forped on the |ayer of doped
chal cogeni dePortien é&ﬁ%?‘uf’“\‘:ﬁ Ogg‘ééj’txﬁz . ﬁnbﬂlﬁil%léi’eﬁé?pe ERebeR e dielsstig he
present i nvepldrqRd of tEkBeLd Qﬁlo%f'tﬁ%u?fgceedﬁﬁé fn@fj yerGAARSEREE layECr M NG @

first layer of conductive material; formng a d ﬁectrlc l ayer “on a
surface of téfeohductive ratesial 1Sffommdrmg tlambloqhag;ilaygr |m1atyheoﬂda>pdd electric |ayer

to expose a tion,of th rface the first or m bi ndi n
Iayerpon the&@[ 85%‘3?’?5@@9%? et O%ﬁ" Sﬁ‘é’“&)&?ﬁ'ﬁé%ﬁ“ g?‘it VSIIPa(B(TmF %‘@ 8surfacegof
the firsts |@ieldyePdtoh@idhive thaterRERIDEh IR ke ﬁ&erfb?ﬂeqs@atdhﬁ@og%&“ al on the
bi nding layer. The electrode structure can be annealed at a sel ected
tenperature Ifl@iﬁfl%l pr edetermned time perl od to cause conductive nmateri al
fromthe second |ff sed d|n ayer .to inprove
adhesi on and con ?lo\g(itia%? \%%t ertell??eb }nFe gﬁapgeé%frb}ﬁlave %rhéﬁ%etli“&e Im;yers
In accordanqﬁmmﬂg andédnete Qﬂb@dkdﬁﬂf&mﬁfg o et 1Ry@ SEBéndubty@IThaterial; 8 met hod

of making a nmenpry cell, conprises; formng a first |ayer of conductl ve
material ; ffBFFh“&Q dael‘éﬁhéq layerrane Juaipes ofdhe Brstlayerafemine qnHpeping &t the ayer

form ng il Qﬁé@étﬁgl tb@ﬁ?@s@fagkﬁ %C&frtﬁeﬁsuhgxe%fthgﬁ%&%re fﬁgﬂ% agf the

surf ace e firs rmn ric
| ayer and oriaydnenehqahslednpdnybrmdcmﬁthé b:q)oswﬁ@mm @ffthé hefdce bbthe ﬁk@yer

formngascondl r of con ctlve material on th blndlngla form ng
a |layer ofel IE%Qé?ﬁOBg ’E%ﬁ'qoﬁiiu%‘ﬁef‘ﬁ@r’é‘b%%é I‘%ﬁl}‘& Y- %B‘?]ductl ve
mat eri al ; ar% t8ad f e |ayer of
doped chal cogecnl de tﬂ%gﬁ%g{}ieé%gk%%aﬁsggég@&‘g%ﬂe coge rg&eet&rr{éllltlﬁeelral al can be

doped by anrized pﬂng)dttheause wordnctiveeibtetial foauthe seamnd lagter tosbendiffeseii atof r om t he
third | ayer &l blngmg tfayer ooll;n%?gvel a@lhesxon and conductivity between the first and second
conductive layers.

In accordance with another embodiment of the present invention, a method
of making a memory cell, comprises: forming a first layer of conductive material;
forming a dielectric layer on a surface of the first layer; forming an opening in the
20  dielectric layer to expose a portion of the surface of the first layer; forming a binding

layer on the dielectric layer and on the exposed portion of the surface of the first
layer; forming a second layer of conductive material on the binding layer; forming a
layer of doped chalcogenide material on the second layer of conductive material;
and forming a third layer of conductive material on the layer of doped chalcogenide
25 material. The layer of chalcogenide material can be doped by annealing the memory
cell to cause conductive material from the third layer to be chemisorbed into the
chalcogenide layer.
These and other embodiments, aspects, advantages and features of the
present invention will be set forth in part in the description which follows, and in

30 part will become apparent to those skilled in the art by reference to the following



chal cogeni de | ayer. These and ot her enbodi ments, aspects, advantages and
features of the present invention will be set forth in part in the

descri ptiwo osfosashs f ol | ows, and in 30 part will becone appardrs2/8m24 hose
skilled in the art by reference to the follow ng 3 WO 03/052815

PCT/ US02/ 37020 description of the invention and referenced draw ngs or by
practice of the invention. The aspects, advantages, and features of the

i nvention ar iy .1 aj f e instr ntalities,
pr ocedur es, ?ﬁ%@éﬁ%ﬁﬁ%@?@vﬁ g{lérg%'{a?rgﬂe?%rc ?@‘%g’?%? eocriw Bﬂatcg‘fenoﬁﬁgmé'ﬁ%gﬁded
claims. 5 Brilek aijestr aplanapespind foetufd anihegsventiot b rédlrel Bg® attdindd®ynumer al s
descri be substantially simlar conponents throughout the several views.

Li ke numer al S1REYPHGe Hisfrperiatitisseproasdussss andaembapations pardehlaty poipiepr esent

di fferent OC%H{i'iﬁH&QItﬁ)eﬁﬁecﬁd{Q antially simlar conponents. 10 Figures 1A-1C
illustrate the operations 1n formng an electrode for use in an integrated

circuit irh accordance with the present invention. Figures 2A-Dillustrate

the operations in formng a oqr anmabl e r’g_e cell in accordance with an
enbodi nent of the present in%ﬁﬁ—i@ﬁ%ﬁk@%@@l lustrate the
operations in for g RaRheq T RITBRALSGITRIRIY suﬂg?alﬁi%h& sifllaR EERpGRAG S W th

anot her enbodi ment of the present invention. guree 4 1s as mati c
di agram of athrewghopt theseeamalivieyor Jokcuinmgala haying Jiffemt btter seffivesyorcel | i n

accordance w_ t.h the,present .ipvention. Fiqure 5 )5 a.t vi ew of a wafer or
substrate coREECH ?%g) rg%rﬁ?eggﬂﬁ%ﬁetn&Pccéffrggces gﬁ“&é@Bb%ﬁWé@ﬁgﬁ WA rbodi ment

of the pr@sent i nF&ikdésO-12QINEHGY tBe Spdritichs M RekircheIRiloae trag ammof a
circuit nodule in accordance with an enbodi ment of the present invention.

Figure 7 is tegrefed cienbimeaceerdaicsgridirthopresentinventjompdul e i n accor dance
with an embodi rreni?iéﬁﬁ'est%DqﬁlﬁﬁFa@et thie rd\p!ee}ra]tti in%rfn forming a programmable memory
cell in accordance with an embodiment of the present invention.
Figures 3A-3E illustrate the operations in forming a programmable memory
15  cell in accordance with another embodiment of the present invention.
Figure 4 is a schematic diagram of a memory system incorporating a
programmable memory cell in accordance with the present invention.
Figure 5 is a top view of a wafer or substrate containing semiconductor dies
in accordance with an embodiment of the present invention. |
20 Figure 6 is a block schematic diagram of a circuit module in accordance with
an embodiment of the present invention.
Figure 7 is a block schematic diagram of a memory module in accordance
with an embodiment of the present invention.
Figure 8 is a block schematic diagram of an electronic system in accordance
25  with another embodiment the present invention.
Figure 9 is a block schematic diagram of a memory system in accordance
with an embodiment of the present invention.
Figure 10 is a block schematic diagram of a computer system in accordance
with an embodiment of the present invention.

30



Figure 8 is a block schematic diagram of an electronic systemin accordance
25 with another enbodi nent the present invention. Figure 9 is a block
schemat i cwoicagsmms of a nenory systemin accordance w th @cTdarsbvsionent of
the present invention. Figure 10 is a bl ock schematic diagram of a conputer
systemin accordance wth an enbodi nent of the present invention. 30 4 WO
03/ 052815 PCT/ US02/ 37020 Description of the Enbodi nents In the follow ng
detail ed description of the preferred enbodi nents, reference is nmade to

t he acconpanyi ng draw ngs whiRescriphi fmeifts and in which is shown

Ddscrfiphion of the Embedimerfts
by way of illustratjo ecitic odi pents.in ich the. i nyention nmay be 5
practiced. These %rg%%g)lnﬁeHf%éeé?l%aegggsscgp{{%é%ﬁpﬁpréj%lﬁc?frg)ﬁgmbeé‘?safe&er?%ceenabl e
those skillgendds td e a8¢dmpayRbAedwise wikieh fomnaitakiGiereoiNhdiih whithti® be
understood that other enbodinments can be utilized and that process or

mec hanit cal cHangdy ngau%@a@n spepifissubodiapsatstin ;ﬁféll‘ﬁlrtbmf{t‘/ﬁ@f@‘d@@é?ql)f t he
present ipgve F TR: e - [ ow ng
descripti ?)n Iig} t%%:tﬁ%%e:fg%ﬁ eﬁggglr%%% a%%%g%?egﬁg%ghgegtu%?%ﬂg _eﬂﬁ%l?ﬁlogfe to be

under st ood askiliedah tet &atoPrkdtice thrednvenapm ahd & i{ OOB)undérbd had giher
silicon-on-insulator (SAQ) technology, thin filmtransistor E)TFT)
t echnol ogy, HBRRIMEHE CaRfopibiged an theivercsopranechprieal changes BPRPE M8He 4 sil i con

support ed bywﬁm&ﬁﬁo S8 E&H%%f?f’? %ﬁﬁ? ﬁx‘”c%%?t AR M THR G FnEANGYCLAr support

"
structures we to one s e art. Furthernore, en
r ef er ence ‘i ssubStratadeedtintie foddweing descsptiet inalude any hase sdnokcbwivctog descri pti on,

R T T A T N T
det ai | ed desgghRlde9NsiliSon-sNBEERRE O Rchidode thifh 8kE Rahdistdr (TFT) 11 NY sense,
and the scope of the present invention is défined only by thée appended
claims. 20 Thehnotaghsiepedasd dednped banicorsiueiors, epitkiunlikyersafigisdicor s from
bi polar ju ncé[llipggﬂed by a base semiconductor, as well as other semiconductor support

structures well known to one skilled in the art. Furthermore, when reference is

15 made to a wafer or substrate in the following description, previous process
operations may have been utilized to form regions/junctions in the base
semiconductor structure. The following detailed description is, therefore, not to be
taken in a limiting sense, and the scope of the present invention is defined only by
the appended claims.

20 The transistors described herein include transistors from bipolar-junction
technology (BJT), field effect technology (FET), or complimentary metal-oxide-
semiconductor (CMOS) technology. A metal-oxide-semiconductor (MOS)
transistor includes a gate, a first node (drain) and a second node (source). Since a
MOS transistor is typically a symmetrical device, the true designation of “source”

25  and “drain” is only possible once voltage is impressed on the terminals. The
designations of source and drain herein should be interpreted, therefore, in the
broadest sense. It should also be noted that a P-channel MOS transistor could
alternatively be used for an N-channel MOS transistor and vice versa with the

polarity of the associated gate voltages merely being reversed. For example,

30 applying a negative gate voltage in the situation of a P-channel MOS transistor to



technol ogy (BJT), field effect technology (FET), or conplinentary

nmet al - oxi de- sem conductor (CMOS) technol ogy. A netal -oxi de-sem conduct or
(MOS) traweiosissis ncl udes a gate, a first node (drain) anaeca/sersnd. node
(source). Since a MOS transistor is typically a symetrical device, the
true designation of "source" 25 and "drain" is only possible once voltage
is inpressed on the termnals. The designations of source and drain herein
shoul d be interpreted, therefore,. in the broad?st sense. It should al so be

noted that oACBY#RHfEAnsIasapd Eyesingdhe pelenty o AL R ATV KUBEE MY for an
N-channel MYl 4 95 NS LiRn@Mhn lgteﬁlf»aﬁ'i@ala%émm%ana%afs swstmte& R8a

associ ated gate voltages nerely being reversed exanpl e, 30 applying a
negat i ve gatk®chaointhigmsistort he situation of a P-channel MOS transistor to 5
WD 03/ 052815 PCT/ US02/ 37020... activate the tr nS|stor and reversi t he
polarity to applQ$%mﬁ%zg~ﬁggmﬂﬁﬁ%MV6PP§5@“98 mﬂE?%@%@'“&WENJWﬁQﬁﬂgp
transistos ijh 308 HhGhe ?@n& [RBShcH Of Fighré VRS ﬁﬁsta?& foerora  P-channel
transistor. Figures 1A-1Cillustrate the operations in form ng an el ectrode
struct ure 10@ndgtiva neeteral shadepesiiai oh farmed. pﬂ’b@ém layewERtafeanduchvei gure 1A, a
first layer 102 onductive

| ayer 105 o QBHAER PG SIERE bRl oo HeoRaHaD TR o A Rl S Tgyer TOF Tt

sem conduct gk féfHe@lonahe firdt EirAh@bleNhyer 16y e’[hel&électh& 1dyef M@Hcarbetahittrides st
conductive layer 102. The dielectric |ayer 104 can be a nitride, such as

si licon nit riugl apsiligonsifdesr agineilas dialscaiomateriala The fialeciielarert Of és | ayer 104

10 Kk
format Gadtrsmed by sERARL SoRBRRHsb R HRBIdY S 3EE PR Tl 8 one G, pose a
portion of aopi:tifnfgd@G tHIGBgIDﬂle didk&trid lagdr 100 nslerglokey/ € pbrgipa of i@ﬂfao&'h@S openi ng

106 can have a width "W i anet er that IS S|gnu{hg%gtly | ar er than a
depth "D' td ﬁf%p@@uaﬁgwéwr Ié)gpgéPoP%ﬁuil%) Obrfeidges 2 wigt &HaRReT s not

[imted t0 Syahs 33ARRLndARLRR haflalBYE"DYA0 pRkiAY dfyl SplRHIRAnARD t he

dielectric layer IC e surface 10 irst conductive |ayer
102. The oxhdaveatyarishoOliméed toesueh ssplectcr@tmosoA gerddfodiokisld ibfprmpdon her nal

[ ?ﬁg? ! -?—Eé? I) ﬁa ggieg%ﬁie}d 02 lé'lﬁ@ orzfl ﬁlets(\al% ac:aee{[O% of the I’ft1rrs]t0 csolnldlllc 1ve?ay(eTF(gs)T Qr the

oxide layer 110 can be a silicon oxide deposited by the thermal reaction of a

b=y

precursor, such as tetraethyl orthosilicate (TEOS) or the like. The oxide layer 110
can have a thickness between about 50 angstroms and about 200 angstroms. A
second layer 112 of conductive material is formed on the oxide layer 110. The
20 second layer 112 of conductive material can be silver, nickel or another metal or
conductive material that can diffuse into the oxide layer 110 and bond to the oxide
layer 110.
In Figure 1B, the electrode structure 100B is annealed in an inert ambient
environment at a selected temperature for a predetermined time period. The inert
25 ambient environment can be nitrogen, argon or some other gas that is non-reactive
to the materials forming the electrode structure 100. For an oxide layer 110 of
TEOS and a second conductive layer 112 of silver, annealing at about 350° Celsius
for about ten minutes provides the proper amount of diffusion or chemisorption of
silver molecules into the TEOS to make the oxide layer 110 at least semiconductive

30  so as to not create an electrical barrier between the first and second conductive



can have a thickness between about 50 angstrons and about 200 angstrons. A
second | ayer 112 of conductive material is formed on the oxide |ayer 110.
The 20 seword/obmy®r 112 of conductive material can be sil wem/usaz/gloed or
anot her netal or conductive material that can diffuse into the oxide |ayer
110 and bond to the oxide Ilayer 110. In Figure 1B, the el ectrode structure

100E is annealed in an inert anbient environnment at a selected tenperature
for a predelayersilidédndilbd Perdxids. layknd 19 iseherefopscamivpitasintoshkandeiyeAf can be

ni trogen, argon_ or so t her ..gas _t hat. 1 s..nQn- Lve.to frials

forming the? %S&s?%lﬁgrr@tcﬁﬁg(}flﬁqlgg %@fﬁr. o?f%lﬁ%rér)l(elraggg f’%é;gt}otnlll%@%% 'ECS and a
second condygduye 10e @in Bd@nedleditliMBpsratans aalowng @ouatdoeCeBRO ofel sius  for
about ten m nutes provides the proper anount of diffusion or chem sorption

of silver muinetonipsetira:kowener, thedma rsriad keachirye $ig 1Iepsragist ©h 10 at | east
sem condyctiye .30 0 t ct T I ek t he
Frrst and. s iamoRach AR bonthofl By lndetpie sl ISR et 05 and
112. The oxilganimyeturiikProcss harcefdigtotnpresenenhvemtton, theeoneilisg i ve or at

| east sem conductive binding |ayer 110' by the anneali operation. The

el ectrode gqmm&hu@@nééeﬁpéa?ﬂ%b&ﬁﬁ@ﬁieéég El‘intrtoéﬁ‘ﬁéi‘tﬁtaﬂag@o&go ow as about
130 Celsi Usp%ioé%?@héﬁi lid Wrﬁél,ef\.ﬁme conbBctiveFRat B8] bPfhetapfraghi eve t he

proper |eve chem sofption w be nuch | onger thereby increasing the
amount of t ilmsecondrlaydr 11Dimto thhexienayeattUrThegpnpedingsempesetotsraad tignet o t he

present inventipon, the anngaling .fenperature and ti K10 an be

adj ust ed!% oP "F‘E)Pltsf’ ﬁ%le‘?%ff‘@‘ﬂéﬁ%“m{‘ Og?t%e%ﬁ%ﬁ?gﬁrbtgg%r&g ﬁ%q%lgtor ption of
mol ecul es 0@&9&@%&% by doRh®etRly dfectBidainas oMmbr dodosemondt hayer 112
into the oxide layer 110. The anneal’ing tenperature and tine 10 period are

al so sel ect ehteadythherc bmwieden awiabem opsengctndiciondison &t worldgestiyBequent

processing s S so_as to nat.adversel ffect..or her conponents
t hat have 3{1&53@pboézgﬁmfgoorpﬁré‘go%sntggV\7\01a %ﬁlc§§gestg§rlc%sg%gaag grédi e or that
woul d resul tndnlfac@ea tdnfibdldu@boees.si ng operations that woul d increase the

cost and tinme to manufacture a sem conductor chip. .
15 In Figure 1C, the electrode structure can be planarized to form an isolated

electrode structure or damascene layer 114 and to form a level or more uniform
surface 116 for subsequent processing operations. The planarization of the electrode
structure 100C can be accomplished by a chemical/mechanical planarization (CMP)
process or the like. In accordance with the present invention, the binding layer 110’

20 is selected to provide sufficient adhesion between the first and second conductive
layers 102 and 112 to prevent the forces created by the CMP process from forcing or
warping out the damascene layer 114.

{ In Figures 2A-2D, the process operations are shown to form a programmable

memory or metallization cell structure 200 in accordance with an embodiment of the

25 present invention that can be used in a memory system, such as a pro grammable cell
random access memory (PCRAM) device or the like. In Figure 24, a first
conductive layer 202 is formed. The first conductive layer 202 can be a metal, such
as tungsten, nickel or the like, or the first conductive layer 202 can bea
semiconductor or polysilicon material. A layer 204 of dielectric material is formed

30  on the first conductive layer 202. The dielectric layer 204 can be a nitride, for



15 In Figure 1C, the el ectrode structure can be planarized to forman
isolated electrode structure or damascene | ayer 114 and to forma | evel or
nor e uni fwomms/osas1f ace 116 for subsequent processing oper aPCans02/Iteeo

pl anari zation of the electrode structure 100C can be acconplished by a
chem cal / mechani cal pl anarization (CWP) process or the |like. In accordance
with the present invention, the binding layer 110' 20 is selected to

priovi de suf 1Lcha0k AUBRR0R, BSl WRAR ADEALL The ADNGRIARIGORUIELING, | avers

102 and 112 tO even orces crea rocess fromforcing

or warping @uﬁterhétebﬁﬁmf&&@ﬂﬁ)télah@giaplﬂétecﬁxﬁqﬁs gtmaﬁlaﬂﬁaa%aal felmevar ocess
operations are_shown to forma progranmabl e netal |l ization cell

structure 206eChpiqdeTisiemEm alded pre %H’?mél&t?@é|“|‘rﬁ‘ﬁtdl%?°trt‘%’éyer2?@4&P@gb?i‘tpoﬁenvent| on
that can be %?gg&;\bl\%%s AL %s%f%ﬁeﬁfg?s ﬁ%gg&tﬁg 1 epmgrﬁ{y@@hlgg@% kan ' andom

access nenory ce or t ure 2A, "a rst conductive
| ayer 202 S shbweranbepth d'lln&nf;iionS‘D”dmdhmwdh\,smdllayﬂaan 202dtb @mbesion ‘YEf &l , such

as tungsten, n ckel the like, or the. fi conductive | ayer, 202 can be a
sem conduct ofd %L?WF‘E(K?\“Q&QC@P hp Wl%ﬁ‘ 2@‘81‘“"5@&0”0 OHF‘@LE%P?H ¢ materi al

is formed 3011ﬁﬁteﬁh% Bl &t 0 ©PBGHE td MEndBNEhe A% ctriN8y &6k 8Rd 51‘1 ﬁle| ayer 204
can be a nitride, for™ 7 WO 03/052815 PCT/ US02/ 37020 exanpl e silicon

nitride or acspased surfade pbrion208 of tHedirdicendstive laytraZﬂér The 4xids layet 814 i veI y
patterned by standar.d ot.Ii oqr. i C chn es,or sim

r emoval techﬁ?‘bﬁ%@mi%mgé} &F%g’gﬁgg‘ g)ecﬁf]h SAOBIRReE RS awé”% L{%Iﬁl c layer
204 and tp eéﬂg%%ms%nﬂ?%édt(lm@ﬁgs&oﬁidrflxas‘é@on%ﬁgy&bll Becdndusiveanitelidttis ve | ayer
202. The opening 206 can 5 have a depth dinmension "D' that is nmuch smaller

than a w dt hieimedesitemoxigy layer 21@émﬁ irethg opering 2Q6s pEits sepend eondyctiye et t o
wi dth. The i BYSOL! O rBOYSYS! o diS e B %otk diliohGd oufy LAYRLy A Qahia0X de i S
formed on th& dr'e e Ia er pose sur ace portion 208

of the first tmmhiﬁtmwle 11|1ta)aﬁrox2@%nd Iﬂﬁbwgddﬁ aﬂmsem t3 20 oxiian Thesaoad | i con
di oxi de. The oxjde | ayer 210 can_ have a thickness between about 58 10
angst r oms an@orhistive Hper can§ars wikickness detinsa abyf P apgsirogrs aag dboK ©

material 5% ahiBRd dgge&dﬂﬁg B Lo BEneerlord0fur-0of A€ nRRRIH, Bél 4ABturd NE
200.

In Figure 2B, the memory cell structure 200B is annealed at a selected
temperature for a predetermined time period in an inert ambient environment, such
as nitrogen, argon or some other gas that is non-reactive to the materials forming the

20  cell structure 200. As an example, for an oxide layer 210 of TEOS and a second
conductive layer 212 of silver, annealing at about 350° Celsius for about 10 minutes
provides the appropriate level of diffusion or chemisorption of silver molecules into
the TEOS oxide layer 210 to make the oxide layer 210 at least semiconductive so as
to not create an electrical barrier between the first and second conductive layers 202

25 and 212. The oxide layer 210 becomes a conductive or semiconductive binding
layer 210" as a result of the annealing operation and provides stronger adhesion
between the first and second conductive layers 202 and 212 as a result of the
annealing process for stability of the structure 200 during subsequent manufacturing
operations such as CMP. As one of ordinary skill in the art will understand by

30 reading and comprehending this disclosure, the annealing temperature and time can



212 can be a metal, such as silver, nickel, polysilicon or other conductive
material that is diffusible into an oxide and exhibits good adhesion to an
oxi de. Thwogewossds conductive | ayer can have a thickness remusen3mbout 50
angstrons and about 500 15 angstrons dependi ng upon ot her paraneters or
features of the nmenory cell structure 200. In Figure 2B, the nenory cel
structure 200B is annealed at a selected tenperature for a predeterm ned
time period in an inert anbient environment, such as nitrogen, argon or
sone ot her @aadjubiat té sormi theeaie and embant ol chemsis@plicd of silyemdiregnduisive0 cel |

structure 200. As an exanple, for _.an oxide.layer 2 of and a second
conductive Iné?g}%‘?ﬁirf? £ 5§ opgéfr}douﬁmfiglﬁ}"?rﬁgséqt.oﬁg&ﬁ&ggﬁré&éﬁfg Or about 10
m nut es pr%{lf#&%hé 160 RPBY SRYioAS rdraNe strifnn@l bf A9iR8 0R theGhiEER ¥ OT pti on of
silver nmolecules 1nto the TEQCS oxide |ayer 210 to nmake the oxide |layer 210

at | east sensemooddatonokip Bersusetod theatiffesiemefconduasive oraterighfuigthe er bet ween

the first and second conductivye |ayers 202 .25 and ) I | ayer 210
becomes & C&HH?P@PEPEOCS?‘S’ g’gr’ffsélxtﬁ]@lf(?ﬁ&\lfglvﬁglﬁgirﬂ%ayef %g%r%e%%?angis&gﬁ?lesult of
the anneal i RELEABES Ghte@RccHREV RN Betariliseesidebnadkies lagers 202undiR. t he first
and second conductive layers 202 and 212 as a result of the aanealing

process for st abilhFigiro2Ctaleyert2ldef chradcozonde glepsigatsudde fumad ondisPlact uri ng

oper ati ons ch as, C\VR. i i i ri.én |1 understand

by 30 readi 3%53 %?ﬁ%r‘dc%o%y%tﬁ%r%%gé% ﬁr?%ﬂéﬁg%gggrjg,b ;T ﬁ%igﬁrn%eﬁl ?ﬂrllmg tenperature

and tine carhalBoddRide3145 AthtdriaPEal ISR 0RAQelchide §0¢,58f gavitece Xamthe ol t he

rate and anmount of chem sorption _of_silver or condyctiv terial fromthe
eelepifon &

second cbhdsensepgation el gepmonippyagd dpd it gencenjation i seley %o control
t he i npact i . . - roor
et RS VIR LS B O el

usion of conductive material during
t he 5 annealratigofenmesiam thiselenids virt betptwemdbouti NéS Soinddiborgt 406PerA 210"

Conducti ve AP RECHD ofFaneiEs e PoEALE T304 Y82 1914 5 Ehal cogent de
tg'hgs ngﬁit ﬁélc%%@% ‘ie)arylgggle ?&gﬁ%g?aal LBEasErendickond ugbthyembialeat i212 and in
15  diffusible into a chalcogenide material. The layer 214 is doped by annealing the
memory cell structure 200C to cause metal or conductive material from the third
layer 216 to diffuse into the chalcogenide layer 214 to a selected concentration. The
annealing process can be ulira violet annealing or a similar annealing process. The
annealing process also improves adhesion between the third conductive layer 216
20 and the chalcogenide layer 214 resulting in a highly adhesive cell structure 200C
that can withstand the forces or pressures applied by subsequent manufacturing
operations such as CMP.
In Figure 2D, the cell structure 200D is planarized to form an isolated cell
structure 200D or third layer contact or damascene layer 216' and to provide a level
25 or more uniform surface 218 for subsequent processing operations. The cell
structure 200D can be planarized by CMP or the like. A fourth layer 220 of
conductive material can be formed on the planarized surface 218 and in elecirical
contact with the third layer contact 216'.
The conductive material or metallization of the second layer 212 formed on

30 the sidewalls 222 of the opening 206 can be minimized by the deposition process



chal cogeni de gl ass material can be germani um sel eni de (GeXSel-X, where X is
the 10 concentration of germaniumand 1-X is the concentration of

sel eni de)wolm/osses enbodi nent according to the teachi ngs @CTtUse2/proesent
invention, the concentration ratio of germaniumto sel enide can be between
about 15/85 and about 40/60. A third layer 216 of conductive material is
formed on the |ayer 214. The third conductive |ayer 216 can be a netal
such as silver, nickel or another netal that is 15 diffusible into a

chal cogeni d%{g{éﬁ{ﬁﬁh%ﬁﬂl}%ﬁ!@& &ito Abxid 18R 00 by tRNRAa119921 fingrBerOry cel |

structure 2 0 cause netal or conducti've material fromthe third |ayer
216 to diff aseealing pracess. dhélicogerde iseytemn @ dieleayicis seduetst datweemadht r at i on.

The annealin ocess can be ultra vinl et anpealing of a.sijnlar annealing
process. Théesg‘ﬁg} @Sﬁaﬁ}?ﬁu?ﬂ 8%§‘§§“{3T’V§85 #ﬁﬁn&@%{@%hé& i f)(r)l{%)gfj éé/et{evﬁ the third
conductive hay&fa 216tdPwaid HebRsithahcannl slecdsayeps s tHeaSMPlopa@tiom a

hi ghl y adhesive cell structure 200C that can withstand the forces or

pressur ess appd befdreghe Snithdayrs A0 ipfptmetet uri ng  operations such as CVWP. In

|
Fi 2D, the cell 200D i ' ' d cell
Gt ructure 2000 oF SRR PRy IR bl BITR R LERbe b tadhBlig Aehd 7L

provi de a | @¥ehoo Bbacesrdamieavitnidoticiembsdiaeat X1l presensinvsrtipmahit fpmecessi ng
operations. The cell structure 200D can be, EI anari zed bgﬁ@@&o tﬂe li ke. A
fourth | ayem regnraptfprofilsria REVERCORBIEVE Blateighirpi IpHHAR AN GiF & ag?ﬁ ari zed

surface 218 .and | ctrical tyaGk JdusiJAxe: 3600 act 216" .

The conduct iﬂ\%‘ee(%r?ah{il' ?Jﬁg’fc %’?lgﬁ%el%}fl%{?zlgﬁ %Lﬁ%g'fb"%ﬁgt é@é‘glﬁé‘%ﬁa ér 212 fornmed on
30 the sigeviadmed. 22 fiodt cohéuctipe hiyag3 (R0Gn ban nixtal wuahi asitwegdtdpynithed, ateposi ti on
process 9 WO 03/052815 PCT/ US02/ 37,0@8 iall used into

nd. i t ant di ff
the oxide | dyekkepena %ﬁﬁ‘_“f’ﬂ‘éi%ioa_é\ﬂéﬁ”la f_z@gysgtﬁ"?lnéef?fﬁfeﬁ&ﬁﬂﬁééﬁvxehé%r ocess. In
this manner ’hal?iﬂﬁ'ofiﬁkt%!r Qiscﬁ‘]foP{gégéz@% Frd chiuc @iy &B0Dahyeeeondy resi dual

metal | i zation o e Sidewa 2 and the fourth [ayer of conductive
mat eri al 22@idl¢vatc aged Worteemgsiseaind caddateiipfrained oo thedstslidpdriafayer t he CWP

operation 5302.n ?n Qc%g%ﬁﬁcet \Qﬁh {h%lil)rrésre]ntl & e%rtiog,ztl% ie:t<S:h ];a?er: OF tﬂ'e first dielectric

15 layer 304 is faster than the etch rate of the second dielectric layer 306. Accordingly,
in Figure 2B, when the first and second dielectric layers 304 and 306 are selectively
patterned to form an opening 308, the opening has a reentrant profile with sidewalls
310 that angle back as the opening 308 extends down to expose the first conductive
layer 302. A layer 312 of oxide is formed on the second dielectric layer 306 and on

20 an exposed surface portion 314 of the first conductive layer 302 in the opening 308.
The oxide layer 312 can be a silicon oxide. A second layer 316 of conductive
material is formed on the oxide layer 312. The second conductive layer 316 can be
silver, nickel or another conductive material or metal that is diffusible into an oxide.
Because of the reentrant profile of the opening 308, the second conductive layer 316

25 and oxide layer 312 cannot form on the sidewalls 310 of the opening 308.

In Figure 3C, the cell structure 300C is annealed at a selected temperature

for a predetermined time period to cause metallization or conductive material from
the second conductive layer 316 to diffuse into the oxide layer 312 to form a
conductive binding layer 312'. The conductive binding layer 312 provides electrical

30 contact and adhesion between the first and second conductive layers 302 and 316
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Figures 3A-3E illustrate the operations in formng a progranmbl e nenory
cell 300 in accordance with anot her enbodi nent of the present invention

t hat fornwooaosmsentrant profile to prevent conductive nat @cCiraiSot/smeo f or m ng
on the sidewalls of the opening in the dielectric layer. In Figure 3A a
first conductive |layer 302 is 10 forned. The first conductive |ayer 302 can
be a netal such as tungsten, nickel, or the like, or a sem conductor
material or polysilicon. Afirst dielectric |ayer 304 having one etch rate
is formed ondide fubs@uenignclissding epdraioas sivli2s &MP.aAspeoindsly diselssed, thec | ayer
306 having a second etch rate is formed.on the first diel ect{ric | ayer 304.
I n accor danc@miRine epwersiuse and timp Ganes shustadiia centigh theamougt of he £ r st

di el ectric 1&&@%’0\3)@% éfdl&af&?lﬁfge?{}estiﬁ%r}hé Bﬁd@h‘;"gertaﬁd@Jc&dﬁ%l BeGRPLL

dielectric |ayer Accor In Figure 2B, when the first and second
di el ectric | ayethsr Givpoments 306evacs aeddydoinve on thpwefeeonediicandiderabin openi ng

308, the opening has a reentran rofile with sidewal ls . 310 that angle

back as tRe openi kgﬁébfﬁ _la?V(ﬂ;gb%ﬁ?\%h?lﬁoé% asﬁll?@\{%a# ?tfo% 00&3??% | ayer

302. A layer 43l b Brddeive ﬁatyélonmd@@thtepﬁeﬁfﬁg@o? mqu@etsns ef | ayer 306 and
e firs uc

on 20 an exposed surface porfion 314 of con tive layer 302 in

t he opening &@fcogedide glass wetetialyaan bg gormpainbselenids (Gegdm xowhere X iathgecond

| ayer 316 of con uciti Vv nmat er i aldi%(sifs rnc%dco?r ﬁgeofosx{ d%ei ayer 312. The
second condufNCFRTRPE BFPEILEN e S PP IC A ERE ©'6F °aliSt et conduct i ve

material or pRuRusl idcussd,dictdrdmighb theitdtcRing®oDike Bsent Beeatiag tief t he
reentrant profile of the ofpeni ng 308, the second conductive laéel; 316 25
A

and oxi del0l ag@icedigionaptifoe! seamamiam te Relenifleieandicibstveen abgut{lASS 3pRAPY 308. In

Figure 3C, t el s L t gpperature

for a predet g@%ﬁ'néat hﬁlh 'rifa&%%)gelir(f%%%g é{lcélgaglg&?rrig{ 13??’?}265?) flgﬁé %?ér?g%duct ive

mat eri al fr offirdideadsree et d8lsmtbe\aandtalysach &lhlven nidkélfou amothertoetslitbatoxi de

| ayer 312 to form.a .conductive. bindi nag Ig,ﬁ\yer Thg conducti ve bi ndi ng
C

312'.
| ayer 312" pissliffarialednig@rchplcagenyls mafH %lﬁdera}}%é%ﬁi‘%ﬂ’? B¥ERRBHIE HE fir st
and second C%%?}; EMEsthRUEE S00iP0 ALk MGl orjcﬁnc}i/\\!sati%%{ﬁlgéﬁgﬂéorﬁ Gl th@l@y 37020

during subsequent” processi ng operations suc . previously
di scusseds t hger 32tnealififusg itte npechatcogenidmldydridi® tebonddke trd) lagtretbgeibecont r ol
the amount O];J.nd provide better adhesion.

In Figure 3E, the cell structure 300E is planarized to form an isolated cell
structure 300E including an isolated third layer contact or electrode 320". The
planarization also provides a level, more uniform surface 322 for subsequent

20 processing operations. The cell structure 300E can be planarized by CMP or the
like. A fourth layer 324 of conductive material can be formed on the planarized
surface 322 and in electrical contact with the third layer electrode or contact 320"
In operation, the programmable memory cell 200 or 300 or programmable
metallization cell can be programmed by applying a potential or voltage across the
25  first layer or electrode 302 and the third layer electrode 320" that has a sufficient
voltage level to cause a dendrite 326 or conductive filament to be formed between
the electrode 320" and the second conductive layer 316 which is electrically
connected to the first layer electrode 302 by the conductive binding layer 312",

Because the chalcogenide layer 322 is doped with a metal or conductive material

30  such as silver, the voltage causes the dendrite 326 (226 in Figure 2D) to be formed
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chem sorption of netal nolecules into the oxide |ayer 312 and to control
the inpact on other conponents or devices already fornmed on the wafer or
sem conduwODmB/06381H. 5 In Figure 3D, a |layer 318 of chal cegenisde3mb@ass
material is formed on the on the second conductive |ayer 316 and in the
openi ng 308. The | ayer 318 of chal cogeni de glass material can be germani um
selenide (Ce(err)Se(err), where X is the concentration of gernmani um and
1-X i s the costeentircatitontwofelewiodes 18)andA92. Fhevasistancy aapssarsd 840 e cor di ng

to the teachings of t resent inventi,on, .t i rati o of
ger mani um t&%g?eéﬁ%‘?fggg%ﬁmﬁ%mg@t‘%@ﬁ 4 1%5? tolf‘gﬁgég ea(?\eglﬁgﬁo@&t% ¥ AZP%}] 50. A third
llayer 320 ofj0@R0@HEE] T8e FRIsBRbabf d Gllf300 MR havndt beer Biysx a8d & inBhepert hi rd
conductive layer 318 can be a netal such as silver, nickel or  another netal

that is di fohudifion is abputd Oamegehmsoderprdmelne eragammeteel] 300e WA 4 5 doped by

anneal i ng. t he no cel l. r e ‘O uctive
material Tr ﬁ%t?ﬁr%aﬁ ;#ef’naapfge‘fg)yf{égﬁg%di eﬁ g&gﬁ?glﬁ%ﬁ}éﬁﬁ? %ﬁ%ﬁééglgﬁéﬁ%%gem de | ayer
318 to bond uhpegtaemédyaipen telyB0hein remagnps ogicde Detmsra propesined. 1 n Figure
3E, the cell structure 300E.is planarjzed 18 f%:enlegn %%%I §,t egﬁ%”ﬁ
structure 3G6E3PM@ eIty yeltagesan bapnmdief I3 Br clssHPdS R 20raEPEE Pt ode 320 .
The — pl anar iz At ofoq) SRS L AGSo e Tlow MRIEL YR EOr MO EéasencaR f or
subsequent processing operations. The cell "structure 300E can be

pl anari zed 390 @vPhizh rédistanckistate byAleswuation off thealenddi¢ 336 oc oonfluctiveve mat eri al

can be fornmed on the planarized surface 322 and in electrical contact with
the thirt | enb| ectrode or contact 320'. In operation, the programabl e

menory cel | 200 @F%/&QQM sdRAERA CIMBRINS £ ARy Ide Al 8PsysRIn 4008 be

programmed by applying a potential or voltage across the 25 first layer or
el ectrode 30G2cadahct Mathtthé prgsénayryentiine che serm@y gysteth 400 fredudgs 8 pfuralidy ent

vol tage | evel. to cause a rite 326 or_ conducti i f or med
bet ween t h@TBISTAY g%@e@fgw ogiHge %8%%@“58‘%%%‘??0\/% %3%#51?&62“ ichis
el ectrical | ylens@RBELERAnEIAdS haadsisiGtaohageash gisiidrdde iddieby ghtee conducti ve

bi nding | ayer 312'. Because the chal cogeni de Iai{er 322 is dogﬁd with a
metal or 1toreetode40geoupleddp anaddsess iing40% fqrgantrolfing thperpfen ehifiees t he

S SR 326m4n%02r9 eie';lne'r:ﬁ 4 né Qchttﬁnggto; 4B Huddska first source/drain electrode

410 coupled to a data line 412 and a second source/drain electrode 414 coupled to a
programmable memory cell 416 according to the teachings of the present invention,
e.g. similar to the memory cells 200D (Figure 2D) and 300E (Figure 3E).

20 With reference to Figure 5, a semiconductor die 510 can be produced from a
silicon wafer 500 that can contain a memory system similar to system 400 or an
electronié system including the novel electrode structure 100C (Figure 1E) or
memory cells 200D (Figure 2D) or 300E (Figure 3E) in accordance with the present
invention. A die 510 is an individual pattern, typically rectangular, on a substrate

25  that contains circuitry to perform a specific function. A semiconductor wafer 500
will typically contain a repeated pattern of such dies 510 containing the same
functionality. Die 510 can further contain additional circuitry to extend to such
complex devices as a monolithic processor with multiple functionality. Die 510 is

typically packaged in a protective casing (not shown) with leads extending

12



WD 03/ 052815 PCT/ US02/ 37020 to short circuit the two el ectrodes 320" and
302. The resistance across a cell 300 that has been biased by applying
suf fici erwowslosmge to formthe dendrite 326 is about 10, 00QTAlSNE370Ihe

resi stance of a cell 300 that has not been biased and is in an open
condition is about 10 megohns. Accordingly, a programred cell 300 to which

a 5 voltage has been applied to formthe dendrite 326 can represent a |ogic
1 and an uriperefprartneidshownppreriditg docdotp bapirewipy esbatiess 0dgT wnibtero erase a

programmed cel), 300, a reverse polarity voltage can be applied to the
el ectrodes ﬁg’ﬂatgﬁagCwuﬁcaﬁ?%%ndccgpﬁogoo to cause sufficient current to

fl ow through the £edHowd(R Figure eftwoidr hivee ies 510, RMding A 1disObherebBtrehiance
state by destruction of the dendrite 326 or conductive 10 elenent. Figure 4

i s a schematdyéter igremerysyserdAD Hipt hegipertics thesnoyekdedmde siuctyed8Pdance with

the present |nventian. ggp:{)ga ' lurality of

menory el gmoﬁt%e%ggﬁsa%db?an e’E%{trrl ?%ltc%@g} eﬁ‘gl% gl&@k%g@%%gﬁnﬁﬁg’s&h gch menory
el enent 402 waibinedcitd@r svithbainsprstectivedQdng, Eaoh dircain sioghier600ddleninoteudes a
gate 15 el ectrode 406 coupled to an agdrgss line 408 for | 1ing the

oper ati on oforteKiEnd HenfypgHiarRR A0 ngviduph diecid O, Cirewif §}°§P]8r6%§8% gﬁ"l% | udes a
first sourcelgdnaldfion gg Qﬂei agle rep%grgﬁlggmgﬁgtgto? fithcHBhsdof & E'ﬁnﬁi%gticﬁi'}ﬁd?egi g cond

source/drain electro 4 coupl e rogrannab?e nmenory ce

accor di ng t o l0hentapamghihegsme furtchienabitye Stmie éxamplesiofa circwet modde A0 ar to t he
menory c?l | s éggD Fi gur e ‘éD%dand 00E (Fi f(:;jrure E). 20 thh reference to

Fi gure 5103 BEHH BPdyes dgviee driers, 8o F PR PG Snaf er 500
that can (COMYrgdefsoR niBRAMRYs Yand 4 1R SH-8Pebitic ntRufY 8h&BArYAOAE mARi-lagect roni ¢
system i ncl uding the novel electrode structure 1000 (Figure IE) or nenory

cel | s 200D (iFilgjenhép mDYlules. GO medwe PO GE)beiasubcemporant ef awarietk ¢fe pr esent
invention. A,die 510 . s an { ndi vi dual at.tern, ,,typi call recta ar, on a
Supetr ave 28t stnb e lich AL bek el BALRE e HBAC R ko f B ARRBLS"
sem conduct o avefnesbileOsh indudthialtoppirelal stymcandigtdf andrtipeat €dcpahbéria of such
di es 510 containing the sanme functionality. Die 510 can further contain

addi ti ondf cG00suilthaye p yarsty ehlsadod 19 rxtendiagigsrelior praviding weilaerphgiol i t hi c
processor Wi Ml bRl i MBE bhPORbLEY- Die 510 is
Figure 7 shows one embodiment of a circuit module as a memory module
700 containing circuitry for the memory system 400 including the electrode
structure 100C or memory cell structures 200D or 300E of the present invention.
20 Memory module 700 generally depicts a Single In-line Memory Module (SIMM) or
Dual In-line Memory Module (DIMM). A SIMM or DIMM can generally be a
printed circuit board (PCB) or other support containing a series of memory devices.
While a SIMM will have a single in-line set of contacts or leads, a DIMM will have
a set of leads on each side of the support with each set representing separate I/O
25 signals. Memory module 700 contains multiple memory devices 710 contained on
support 715, the number depending upon the desired bus width and the desire for
parity. Memory module 700 can contain memory devices 710 on both sides of
support 715. Memory module 700 accepts a command signal from an external
controller (not shown) on a command link 720 and provides for data input and data

30 output on data links 730. The command link 720 and data links 730 are connected
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typically packaged in a protective casing (not shown) wth | eads extending
12 WO 03/052815 PCT/ US02/ 37020 therefrom (not shown) providing access to

t he circuwoOrog/06881% he die 510 for unilateral or bil ateral pcarmsozgm™ad i on and
control. As shown in Figure 6, two or nore dies 510, including at |east one
el ectronic systemor nenory system 400 that incorporates the novel

el ectrode structure 1000 5 or nenory cells 200D or 300E in accordance with

the present {o’l¥§d§t7'49@§te§rir§§%?rgn%tggg@gﬁﬁdmsW'LEXBs%O‘éHJﬂBﬁBf P&Eﬁ)ﬁ%i ve

casing, into a circui enhance or exten ctionality
of an indi vi plupbsesiard &t @ot Kinitediiot therpebitions SBOvcarFipeed. conbi nation of dies

510 representing a variety of functions a conbination of . di.,es 510
containing the safgurFberssare %Vonlgwl%géwn&mﬁ OBE @5 PRIGHCHE Gyl e 600 10

i ncl ude menopy ;medyd deiticd Soold Yt indPWRbveTRI B sysEabifat i on

¢
nodens, processor %uqees angbapp 't cation-specific rmdul es and can incl ude
mul ti -1 ayer, elemdd‘elstmd‘tuxp 190Q wr esmofy cdlsi200Pwd ADCE 6DMe prasersenvgnierh- conmponent

of a variety_o electro S suc iséi@n, a cell
phone, a per @@ﬁ%‘? Emg(:)ocge‘éﬁtﬂgﬁ%tﬁ@ﬁlaluée“ tﬁrfg“ﬁ%g SS‘] m%ﬁ%‘feéll% syst em
an aircraft &Rdidel BeEe of @ere‘lﬂ‘éétrbme'@?#érﬁ 885 wRBQoMk Ifdrnhe@ntoMsr | ety of | eads
610 extending therefromproviding unilateral or bilateral conmunication

ang Icontrol O%Bg@hmaftbhmﬁgltmhenlb@immlsteﬁﬂ(w (ﬁoﬂtﬁﬁxﬁmﬁkéef‘égeés a nmenory
nodul e 700 ¢ ai rqui,t r the m)r t | udi ng the
el ectrode sﬁ%@fﬁgw%ﬁg’g ﬁ} ﬁ%ﬁ’@ (‘?&nlng ‘r’lﬁ%tur t§ %aner g OE of gt he
present '1'0Veﬁérkd}ﬁl cotfbuvEH e urTRE Bk dkBlly daaepeakery ofl€Ridid; sheigiitiogl e I n-1i ne

Menory Module (SIMW or Dual In-line Menory Nodul e A SI MM or DI MM
can gener al | gwikeh and go3 pertaball @ Futemebilsoanddhe F@B}eaéﬁr B?mm%ﬁ’o"rﬂ@ cont ai ni ng

Coseres O FEEY dRUAEERan AT M D2t 00 i e, et o

( ave I"eads on each side of the
support w t hdgatibe setssipefs pﬁﬁﬁedﬁ@el&ﬁpﬁﬁﬁy@teﬂd $D025Ac$eg;rm)lrts areMsedioy nodul e
700 contains multiple menory devi cilﬁs 710 cqnt ai ned P ort 715, the
e ciPaoeY

number depentRTRECLABGHCHARC dléfé‘?l?l &1t FROTGFRBIPISBRET 1S

15 previously exemplified. One or more of the circuit modules 600 can be a processor
providing some form of manipulation, control or direction of inputs from or outputs
to user interface 810, or of other information either preprogrammed into, or
otherwise provided to, electronic system 800. As will be apparent from the lists of
examples previously given, electronic system 800 will often contain certain

20 mechanical components (not shown) in addition to the circuit modules 600 and user
interface 810. It will be appreciated that the one or more circuit modules 600 in
electronic system 800 can be replaced by a single integrated circuit. Furthermore,
electronic system 800 can be a sub-component of a larger electronic system.

Figure 9 shows one embodiment of an electronic system as memory system

25 900. Memory system 900 contains one or more memory modules 700 as described
above including the memory system 400 and electrode structure 100C or memory
cells 200D and 300E in accordance with the present invention and a memory
controlier 910. Memory controller 910 provides and controls a bidirectional
interface between memory system 900 and an external system bus 920. Memory

30  system 900 accepts a command signal from the external bus 920 and relays it to the

14



parity. Menory nodul e 700 can contain nenory devices 710 on both sides of
support 715. Menory nodul e 700 accepts a conmand signal from an external
cont r ol | ewo(mos28shrown) on a comrand |ink 720 and provi des Pcarusdasm2o nput
and data 30 output on data links 730. The command |ink 720 and data |inks
730 are connected 13 WD 03/052815 PCT/ US02/ 37020 to |eads 740 extending
fromthe support 715. Leads 740 are shown for conceptual purposes and are
not limted to the positions shown in Figure 7. ure 8 shows an

el ectroni c s8¢ BNNGTONAUBARYNf urlr@789@n@rcomaéldémkc9é8tMeﬁ?@amségensw as

descri bed ab r ode
structure 108%0%&9%%%1 getla{&g d%%o% p&ﬁ%é‘ g%%%ﬁg} %rglgsrg%? r?rﬁgﬁge%on.

El ectroni ¢ sye0end &démglesysteml buy S200h ditadinks der interface 810. User
interface 810 praoyvides ser t he el ectroni stem 800 with some form
of control or obgéﬁu\li%d(? i ftlﬁéerreé"gaﬂﬁlt‘%enbf’gﬂé Cé‘l)é’é’c,ctsﬁ’ﬁfﬁ@é‘s &FePRHFB00.
Sonme exanpy e§¥§<§m‘f§&’5 cbﬁ%ﬁ@i@%ﬁﬂd@ob@%@% IPE&%%GPY@%nQ’a RahéYyi ng devi ce,

noni t or and I nter of rsonal conpute tuning dial, "display and
speakers of aystanl%o housed urgzncammrter wnii 1065 &nuhpgtes systedal 00Fis bwt caat onobi | e;

and the card reader ad, display,and currency di spenser of an

aut omat ed t elSFERP ﬁﬁéﬁﬁé&r%%ﬁysfﬁ}#?aggﬁg §Ii(gﬁ %%ﬁ?‘fﬁ M &sTFEY access
ports provi degidf 960, %h%ﬁ%&mﬁ&ﬁ@%&gﬁng e GeESorp 9y disin A0@antb&ettlode CONnect
an el ectronic systemto the nore ta user interface conponents 15

n
previously exewgtieflioed ormmooy cﬂeré)O%fandﬁ@OE:m@aomdamduﬂet@e gosetan be a
processor pI’OVI rmo ation, cont roI dir on of
i nput s frin &8 ?npg? Sr Slygtg f|c0r(1)p%P # &gréallyg,gatain&u >t mtel;[ %ce comﬁ? r(?;ér%ltrtr%atl on
ei t her prepr oghareaad Fidiire 10 & a Y beiivi 629, alpamnldgde\tlee 108308 tiogiércl 029,st em
800. As will be apgarent fromthe lists of npl es prevj ousl y gi ven,

el ectronic s%’ﬁ”él??r B sud 3 budk pterpge daties WQQerIE‘HllhbeZ@PFPé@FFéHh@é’I &onponent s
(not = shown) Gelibd 00, 4065604 G ith Lot S3BPRAMot! A hogdgll 1 Face 810.

It will be appr C|a one or rcuit

el ectroni c systiesriBaD cads, ddditioapl st egk dmymas $td’lgt will ﬁﬂrthgtﬂﬁ@@raciamdui t.

Furt her nor e, eI ectronic sYstem 800 can be a %ub conponent % arger

el ectroni & 59; &g processor 1010 and memory system 900 o computer system 1000 can
incorporated on a single integrated circuit. Such single package processing units
reduce the communication time between the processor 1010 and the memory system

900.

20 Conclusion
The present invention thus provides an electrode structure and memory cell

structure and method of fabrication that provides substantially improved adhesion
between two layers of conductive material during subsequent processing operations,
such as a CMP operation. The electrode structure and memory cell structure of the

25 present invention also can provide a conductive interface between the two
conductive layers that is not an electrical barrier and can provide a doped glass layer
that can be programmed to store data. The present invention also provides a method
of fabricating an electrode structure or memory cell structure that does not adversely

effect subsequent processing operations or require additional processing operations

15



Figure 9 shows one enbodi nent of an electronic systemas nenory system 25
900. Menory system 900 contains one or nore nenory nodules 700 as descri bed
above i ncwodBnssthie nmenory system 400 and el ectrode structramraSafd®d2@r
menory cells 200D and 300E in accordance with the present invention and a
menory controller 910. Menory controller 910 provides and controls a
bidirectional interface between nenory system 900 and an external system

bus 920. Memyr 30 system 900 ts ext er nal
bus 920 and rag%{éhespm% Ao Coﬁgi&%%ggycfiggﬁ%}%gg%h %%ﬁ Yor more
menory nodul a&eam@laoabaenqeﬂm& the BdnOWfer bﬁmbﬁtyat@yst em 900 provi des for
data i nput and data out put between the one nodul es, 700 and

ext ernal syst em budthopgh scidigembrdinestsduge bﬁngw%ram @Hé‘\ﬁﬁ&n&e‘? bereiRet
nbod t t
oyotem 1000 CABe EpERLEATLE S PRURANER TPHE S ince oy SRR GRic CEL O

conput er uni tis dzﬂkﬁﬁated}mrmhﬁe% theyame purpOSimapbdsbsiinted fexthoppeeifof an

el ectroni c sys co |n|n anot her, el ectron sten1 menory system
900, as a suE“%B%%Eﬁ- oWpndp ﬁd?ﬂ@”ﬁﬂ%wﬂﬁﬁﬁ&?hgfg‘3ﬁPﬁ6@“%ﬁ@n%Wéctrode
structure 10005 4ondBFHeYr&eht ifveatal '@H@el@gptr:t it ht AR IHARGSinWdiBn bBe present
10 invention. Conputer system 1000 optionally contalns user iInterface
conponent s. libepdonboby the Flagoy #ndlibe equevaerketiosaf.d 1020, a poi nting device
1030, a nmonitor 1040, a printer 1050 and a bul k storage device 1060. It

wi || be appreciated that other conponents are often associated with
conputer system 1000 such as nodens, device driver cards, additional
storage devices, etc. It will further be appreciated 15 that the processor
1010 and nenory system 900 of computer system 1000 can be incorporated on
a single integrated circuit. Such single package processing units reduce
the communi cation tine between the processor 1010 and the nenory system
900. 20 Conclusion The present invention thus provides an el ectrode
structure and nenory cel
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structure and nmet hod of fabrication that provides substantially inproved
adhesi on between two | ayers of conductive material during subsequent
processi r'gowposmis ons, such as a CMP operation. The el ecPCadsoysroact ur e
and nenory cell structure of the 25 present invention also can provide a
conductive interface between the two conductive layers that is not an

el ectrical barrier and can provide a doped glass |ayer that can be
programmed to store data. The present invention also provides a nethod of
fabri cati ng Vimted daitredde structure or nenory cell structure that does not
adversely effect subsequent processing operations or require additional
processi ng operations 15 WO 03/052815 PCT/ US02/ 37020 and the process can

be controll qd to AVvQétrodaBmaturt totipigingconponent s that may already have
been fornmed on the sanme wafer or substrate. Although specific enbodi nents

have been ill ust rdteidayenaf enndustivisadrteiédiein, it will be appreci ated by
those of ordinar Idéeifécltxlilcf_l age p&ne‘%&n&ﬁf%acéa @Eﬁs@g@@fmm which 5 is

calculated to ac Sane purpose nay e su tuted for the specific

enbodi nent s shomanoﬁ&hﬁgﬁmmkdBﬁmtdmkm&mumkemﬂeqmmmapmMenoﬁﬁyswdapmét|ons or
variations of the present invention. Therefore, it is intended that this
i nventi on béhe fiishipyey only by the clains and the equival ents thereof. 16 WO

03/052815 PCT/ Usg%érfﬂzr?%ﬁger%?ﬁed ch (b BleMRfHic 18yer hnd &@tﬂ%%@ﬁ&%@ 6rtidh ro@Ct ure,

conprising: a firs conductive material; a dielectric |ayer
formed on atmuﬂ&ﬁeﬁoﬁmeﬁhEk@ersndlayer an opening fornmed in the dielectric

| ayer to expose a portion o the first layer:..a bindin
| ayer fornmed on laﬁgccﬁlfié?yé?éf’% P%W’é’rmag?fbalgmeﬂém&ep‘if)?gﬁdﬁ%% 1958 of thg

surface of ghe first layer; and a second | ayer of conductive nateri al
formed on th conductlve bi ndi ng

2. The electrode structure of claim 1, wherein the binding layer is at least
semiconductive and is formed from an oxide layer by annealing the electrode

structure to cause conductive material from the second layer to be chemisorbed into

the oxide layer.

3. The electrode structure of claim 2, wherein the electrode structure is
annealed at a selected temperature for a predetermined period of time to control the

chemisorption of conductive material from the second layer into the oxide layer.

4. The electrode structure of claim 1, wherein the first layer is a metal that

adheres to an oxide.

5. The electrode structure of claim 1, wherein the second layer is a metal that is

diffusible into an oxide and bonds to an oxide.

6. An electrode structure, comprising:
a first layer of conductive material;

a dielectric layer formed on a surface of the first layer;

17



| ayer. 2. The el ectrode structure of claim1, wherein the binding |ayer is
at |l east sem conductive and is forned from an oxide | ayer by annealing the
el ect r odewosBsastsire to cause conductive material from thecydasonsiok@ayer to
be chem sorbed into the oxide layer. 3. The el ectrode structure of claim 2,
wherein the el ectrode structure is annealed at a selected tenperature for
a predetermned period of tinme to control the chem sorption of conductive

material fromt h%n%?@ﬂ&% fdrAR in tHRtGe1EdMEe R¥EAS k@8R poftion UTEncMEGEd sxde
structure of claiml, erein the first layer is a netal that adheres to

an oxi de. 5.thdfestBlyestrode structure of claim 1, wherein the second | ayer
is anetal that is. diffusible.into..an axid nd_bonds .t n 0Xl 6. An
el ectrode struct lﬁ‘r%é’,l&jlg%wpi @Fﬁ&%ng aatq'ﬂfcloflgifoxll eyfgfm%afonctg‘ﬁgt?iﬁcﬁcel%%g gcrii al; a
di el ectric |aWRE epokstsbrasn af U khidee odthetiier Iiyersdndl ayer; 17 WO 03/ 052815
PCT/ US02/ 37020 an opening fornmed in the dielectric | ayer to expgse a

portion of the su@steand layer of penduriie mptgrpdformedisingbe bigdingyerer Wiergidi ng a
silicon dioxjde f . i trd G sed portion
o the sur f AReCoRTERE RPN R gL i< BISleg e ofRBEREHREET

mat eri al f oryimiin@haythe nikkedhdlgindiay &tyer supableiofcordnetinposieundtal verremit eri al  of
the second | ayer is selected to be diffusible into the binding |ayer to
make the binding | ayer capable of conducting electrical current. 7. An

el ectrode sty uct rJ.SkPQs irst |ayer of conductive materi al
. . : Hﬁgﬁ? le& trad i ngpris‘x . Y u al, a
dielectric {gyer ormed on & sufface dkéthe first layer; an opening forned

in the dielectri a firaylayertod cenduosee majpoalt i on of the surface of the first
Layer; a dielectric layer formed on a surface of the first layer;

an opening formed in the dielectric layer to expose a portion of the surface of
the first layer;

a conductive binding layer formed on the dielectric layer and on the exposed
portion of the surface of the first layer; and

a second layer of conductive material formed on the conductive binding
layer, wherein the binding layer is selected to provide adhesion between the first and
second layers to prevent the second layer from being forced out of the opening in the
dielectric layer by forces created by a chemical/mechanical planarization process
being applied to the electrode structure.
8. An electrode structure, comprising:

a first layer of metallization;

a dielectric layer formed on a surface of the first layer;

an opening formed in the dielectric layer to expose a portion of the surface of
the first layer;

a binding layer formed on the dielectric layer and on the exposed portion of
the surface of the first layer; and

a second layer of metallization formed on the binding layer.

18



a conductive binding |ayer forned on the dielectric |ayer and on the
exposed portion of the surface of the first layer; and a second | ayer of
conduct i vwomawsasial forned on the conductive binding |ayecr/ushesmen the
binding layer is selected to provide adhesion between the first and second
| ayers to prevent the second | ayer frombeing forced out of the opening in
the dielectric layer by forces created by a chem cal / nmechani cal

pl anari zati @n pr @aesRcirRRl sHec@RIV Bt whbRiehe Gidt 0 r strstellivitRn i8. AN
el ectrode sfructure, conprising: a first layer of netallization; a

dielectric baqefWﬁgmmenﬂomﬂaLsurface of the first layer; an opening forned
inthe dielectric |layer to expose a portion of the surface of the first
| ayer; a binding |ayer forned on the dielectric |ayer and on the exposed

portion of jphe gyEERER R strub@rd dfichliml R yBEseirpihe séofi® GyBito flrastalizanion
netalllzatlon formed on the binding Iayer 18 WO 03/ 052815 PCT/ US02/ 37020
9. The el ecivogefsilvyarendinskelf claim 8, wherein the first |ayer of
nmetallization is one of tungsten and nickel. 10. The el ectrode structure
of claim8, wherein the second |ayer of netallization is one of silver and

ni ckel . 11. 1The gheelettost sHuttued affctaimfy, elhaiein the bimefgeliamﬁm ldastndi ng | ayer
is at least sem conductjve and is forngd fron1an i de | by anneal i ng

a
the el ect r ogEmicERuSBYLHTE! if GBI BT SO 155 DHETCBRBAL FIEEHS o di f fuse
into the oxi %?Cit!ll%)(? {:eglrs]e gr%taé @gécroﬁ??ayélt {o%ffﬁkre‘?ntoqmlﬂéla?&: a first

| ayer of met Iza ectric layer fornmed on a surface of the first
| ayer; an opening forned in the dielectric |layer to expose a portion of the
surface of t he A re?ectrogg structure comprising:

a first layer of metallization;

a dielectric layer formed on a surface of the first layer;

an opening formed in the dielectric layer to expose a portion of the surface of
the first layer;

a binding layer formed on the dielectric layer and on the exposed portion of
the surface of the first layer; and

a’second layer of metallization formed on the binding layer, wherein the
binding layer is selected to provide adhesion between the first and second layers of
metallization to prevent the second layer of metallization from being forced out of
the opening in the dielectric layer by forces created by a chemical/mechanical

planarization process being applied to the electrode structure to form an isolated

metallization structure in the opening in the dielectric layer.

13.  The electrode structure of claim 12, wherein the binding layer includes an

oxide and a metal diffused from the second layer into the oxide.

14.  An electrode structure, comprising:
a first layer of one of tungsten, nickel and semiconductor material;

a dielectric layer formed on a surface of the first layer;
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a binding layer fornmed on the dielectric |ayer and on the exposed portion
of the surface of the first layer; and a second |ayer of netallization
f ormed orwoOle/okdsnli ng | ayer, wherein the binding |ayer i ®cyaisezsmadoto
provi de adhesi on between the first and second | ayers of nmnetallization to
prevent the second |ayer of netallization frombeing forced out of the
opening in the dielectric |ayer by forces created by a chem cal / nechani cal

pl anari zation pr Qﬁ%?&iﬂgf&&eﬁﬁﬂhé 8R1dcRiclAR: &) 8GbsDIorfib BEhYE@ fice of Or m an
isolated netallization structure in the ‘opening in the dielectric |ayer.

13. The el edhs Buklagers uct ure of claim 12, wherein the binding | ayer includes
an oxide and a neta i ffused . fromthe second l.ayer int.o the Lde. 14. An
el ectrode struct arcgpétgg%ﬁng}nﬁée}yeéﬁ}r{qﬁgpn ﬁ?ﬁae%?gcﬁ?ﬁg W@Jﬂeg%xt%)é%lefa ni ckel
and sem congdgioalof il Rifadd of thefifht Ry@ckiid ¢ | ayer forned on a surface of the
first layer; 19 WD 03/052815 PCT/ US02/ 37020 an opening forned in the

di el ectric | ayer atecoasdjaseobsifyer formed o the hmding lpye ewbsreintthecandpetve| ayer: a
conductive hindi f . i i 98 tide exposed
portion of ?’ hﬁe}ig@rg?’%%&{éqesg hgﬁ ij;%{é'? Elpgf/gfrf@ %f\%‘gdéq}éée%gﬁr{c? l%gé;en(r& olﬁ silver
formed on theidi nding | ayer, wherein the conductive binding |ayer includes
an oxide and silver diffused fromthe second layer into the oxide. 15. An
el ectrode structure, conprising: a first layer of netallization; a

dielectric l,gyer foélé“@%%d@@m?cnﬁ&rcfoﬂgﬁisfﬁ .the first layer; an opening forned
in the dielectric layer to expose poftion of the surface of the first

| ayer; a conduct aastdayedofimetalizetiof,or mred on the dielectric lLayer and on the
exposed  portion a%fielécrt]r?c a%rf ogrref\edogn 2;[ shuer"fa];ei (r)fs the 193¥ ?aryér; and
an opening formed in the dielectric layer to expose a portion of the surface of
the first layer;
a conductive binding layer formed on the dielectric layer and on the exposed
portion of the surface of the first layer; and
a second layer of metallization formed on the conductive binding layer, '
wherein the conductive binding layer includes a silicon dioxide and metal diffused
from the second layer by annealing the electrode structure at a selected temperature

for a predetermined period of time.

16.  The electrode structure of claim 15, wherein the second layer of
metallization is silver and wherein the conductive binding layer includes an oxide
and silver diffused from the second layer into the oxide to provide adhesion between
the first layer and the second layer during planarization to form a damascene silver

layer in the opening.
17.  The electrode structure of claim 16, wherein the silver is diffused into the

TEOS by annealing the electrode structure at a temperature of about 350° Celsius

for about ten minutes.
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a second |l ayer of nmetallization fornmed on the conductive binding | ayer,
wherein the conductive binding |layer includes a silicon dioxide and netal

di f f used wbrosnsashe second | ayer by annealing the el ectrod@ecytusozsuee at a
selected tenperature for a predeterm ned period of tine. 16. The el ectrode
structure of claim15, wherein the second |ayer of netallization is silver
and wherein the conductive binding | ayer includes an oxide and silver

di ffused fr t he, secand | [ .oxide to provide adhesi on between
the first |ayer 5}{6&??%50%568%(%@61 %&/r?r Sﬁl‘%'ri ng planarization to forma
damascene sil ver a firgyigyerioficéiRct@anatagal; 17. The el ectrode structure of
claim16, wherein the silver is diffused into %}g% %l'Z}EOS_ by annealing the

el ectrode struct witrstdiclgetrie layer Rrmpeoni si6E of BEHTBAYEus” for about ten
mnutes. 20 WO 03/ s%?(%\%ld?elgc%é Hg@@‘orﬁ% thd Birst AR RLRALF QORhSER Wed L,
conprising: a first Tayer of conductive material; a first dielectric layer
formed on a deledtac ayef hdsheadtérresdh rhieylem; thasesenddidlediriellawst;r i ¢ | ayer fornmed on
the first dielectric layer, wherein the first. dielectric |ayer has a
faster etch rate ap_mgﬁmpa29@7@3@%816&{3&38&%’&35&%?8@0 lﬁﬁr%tﬁeeﬁp%sé%f orned in the
first and seeonsh GHigl 8ol 6f InBYRli Syl vAKRAPMeBperlfY histlreblirnhgroflerihace of
the first |layer, wherein the opening has a reentrant profile in response
to the diffecgoos torthedithronat in didtrasdntvides ths first andrsecand shelertids BY@st ri ¢

exposed por b1 on GRS ayPr EBeLpt phary o AR ST sl Rh td BB 00, oF

exposed portion &f yer; cond | ayer of
conducti ve rRkes S thé QUriRE oPthelfid® 16QAAMEL i ve binding layer. 19. A nmenory
cell, conprising: a first layer of ‘conductive material;, a i.e({,ectri c layer
formed on a surf acsecofd lnyes of pcpxgkucqxwgatpnal formed on the conductive binding

layer.

19. A memory cell, comprising:
a first layer of conductive material;
a dielectric layer formed on a surface of the first layer;

an opening formed in the dielectric layer to expose a portion of the surface of

the first layer;

a binding layer formed on the dielectric layer and on the exposed portion of

the surface of the first layer;
a second layer of conductive material formed on the binding layer;

a layer of doped chalcogenide material formed on the second layer of

conductive material; and

a third layer of conductive material formed on the layer of doped

chalcogenide material.

20.  The memory cell of claim 19, wherein the layer of chalcogenide material is

doped by diffusing conductive material from the third layer into the chalcogenide

layer.



an opening fornmed in the dielectric |ayer to expose a portion of the
surface of the first layer; a binding layer formed on the dielectric |ayer
and on t hwoaspssesl portion of the surface of the first | agerySoazmecond

| ayer of conductive material formed on the binding |ayer; a |layer of doped
chal cogeni de material forned on the second | ayer of conductive materi al
and a third |l ayer of conductive material forned on the |ayer of doped

o apen gt at bt BlemeP el QSRR n ol I B MrdhBhee (1o | ayer

of chal cogenide nateri a usin Ive material from

the third | gyes, disked atidipolodindomogeni de | ayer. 21 WO 03/ 052815
PCT/ US02/ 37020 21. The nenory cell of claim 20, wherein the third |ayer
conprises one of silver, nickel and polysilicon. 22. A menory cell,

conpri si ng: firn 9¥g; qinggﬁglptive material; a dielectric layer forned
on a surfacggbf #heakl sfu1é§ r; an opening fornmed in the dielectric |ayer

t o expose a port bdinstddyet bbcomdundtve enaddrial;t he first |ayer; a binding |ayer
formed on the dielectric |ayer and on the S ortion of the surface
of the first Iayé@F3%m§é@8ﬁéb?%%@?“HPﬂ%ﬁﬁﬂﬁ§$ﬁV€g'_terial formed on the

bi nding lTayer; ag}gy&finPfonded HRHE H'i@le@t@iﬁ%}leglﬁ) XBb&Yd rtido6Besw@ct be second

| ayer of conductive naterial; and a third |ayer of conductive nateri al

formed on t ke firspleyernf doped ger mani um sel enide material. 23. The nenory
cell of claim 22 2 b\lArﬂl(largg ia}rflertfggne%oogctgg éi[ef%gtin% I?::tyre:ra ;[n{do onotﬁle g%o@@ﬂ;éﬁﬂ)n of
the surface of the first layer;
a second layer of conductive material formed on the binding layer;
a layer of germanium selenide material formed on the second layer of
conductive material; and
a third layer of conductive material formed on the layer of doped germanium

selenide material.

23.  The memory cell of claim 22, wherein the concentration ratio of germanium
to selenide in the layer of germanium selenide is between about 15/85 and about

40/60.

24, A memory cell, comprising:

a first layer of conductive material;

a dielectric layer formed on a surface of the first layer;

an opening formed in the dielectric layer to expose a portion of the surface of
the first layer;

a binding layer formed on the dielectric layer and on the exposed portion of
the surface of the first layer;

a second layer of conductive material formed on the binding layer;

a layer of doped chalcogenide material formed on the second layer of

conductive material; and
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to selenide in the |ayer of germanium sel enide is between about 15/85 and
about 40/60. 24. A nenory cell, conprising: a first |ayer of conductive
mat eri al ;we odiosdsextric | ayer formed on a surface of the fiPCTtUSOzy®R) an
opening formed in the dielectric |ayer to expose a portion of the surface
of the first layer; a binding |layer formed on the dielectric |ayer and on
t he exposed portion of the surface of the first layer; a second | ayer of

conductive materi gkhx{dolr%errﬁr% Udl%rlé]&he fding l“?c\akgfefro fl A&yg}reé%je dpped

chal cogeni de materia second con Ive material;

and 22 WO 03ckMicd¥enidPablddal 2/h3r2 the 1ayet bf dﬂﬁlldogyrﬁdie matéhuldits dopedity of si | ver
or nickel fornmed_on the |ayer of chal cogenide nat wherein the |ayer

of chal cogen?’éftea]r’i% ©rause sogedd prschilygr oranskehirpmghg @“éé‘@éeé tasgffsegniotthe silver

or nickel | ayer to diffuse into the chal cogenide |ayer. 25.
The nmenory cgﬁléog?mh?gygﬂr 24, wherein the |ayer of chal cogenide material is
germani um sel eni de. 26. A nenory cell, corrpri Si ng a first |ayer of

metal |ization; electric |ayer faor on a surf eof the first |ayer;
an openi ng f &°- rred-%‘?’lmpﬁ’@ryd‘feé]l %&fﬁl@@‘*} %@Fmttge kyFgdes 510%“14%6?1“3??
surface of  thfahiuhsieldA¥er; a conductive binding layer formed on the
dielectric layer and on the exposed portion of the surface of the first
| ayer; a second layer of netalization formed on the conductive binding

| ayer, wherejin the conduchlve andlng | ayer includes a silicon dioxide and
metal diffus comprisi,

a first layer of metallization;

a dielectric layer formed on a surface of the first layer;

an opening formed in the dielectric layer to expose a portion of the surface of
the first layer;

a conductive binding layer formed on the dielectric layer and on the exposed
portion of the surface of the first layer;

a second layer of metalization formed on the conductive binding layer,
wherein the conductive binding layer includes a silicon dioxide and metal diffused
from the second layer;

a layer of doped chalcogenide material formed on the second layer of
conductive material; and

a third layer of conductive material formed on the layer of doped

chalcogenide material.

27.  The memory cell of claim 26, wherein the second layer of metalization is
one of silver or nickel and wherein the conductive binding layer includes an oxide
and silver or nickel diffused into the oxide from the second layer by annealing at a

selected temperature for a predetermined period of time.
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fromthe second | ayer; a |layer of doped chal cogenide material formed on the
second | ayer of conductive material; and a third | ayer of conductive

mat eri al Worogesksoh t he | ayer of doped chal cogeni de mat er ipalr/USBY/3703he
menory cell of claim26, wherein the second | ayer of netalization is one
of silver or nickel and wherein the conductive binding [ayer includes an
oxi de and silver ni ckel diffused into the oxide fromthe second | ayer

by anneal i ngpasat afh&rﬁéﬁ@x}y%ll"o@ﬂ]ﬁﬁﬁ ag umrélmheaam@da;a%dgeﬂmnaemm of tine.
23 WO 03/ 052815 PCT/ US02/37020 28. The nenory cell of claim 26, wherein

the |ayer ofdaﬂqébzdgémrtgeconét@céw glatarigl freppleithlg layier ﬂm@tmgas@éﬁﬁuctu ve
material fro acr(;e t@ gten%yer into the layer of chal cogenide material. 29.
A nmenory cel i ?’rprl sing. a first |ayer of one of tungsten, nickel or
polysilicon; a d| electric layer forned on a surface of the first |ayer; an
opening formed in the dielectric |layer to expose a portion of the surface
of the firs49 |ay%mena>rzsﬁh@empwn&l ndi ng Iayer formed on the dielectric

| ayer and on the g fﬁgp%§ fRAL LR é?g ;el{gﬁ?ﬁ)g ﬁcQﬁ the first layer; a

second | ayer of one o TVEr or fie on t’he conductive binding
| ayer, wherein thedmkamlmdiyer/&)rﬂnbahdn aguifay ef therfubtudyes; a silicon d| oxi de and

silver or nickel diff,usef to the S|I|§on di oxi de fromthe s dflayer
to formthe condL?é‘thR‘?%mg %&‘WB ipfhealiglectiic RYCeTdp eXPOSEROOTIOR Ue for a
predeterm ”etﬂeﬁ ~of time; a layer of germani um sel eni de rrat er ial fornmed
on the second [aye of silver or nickel; and a third layer including
silver or nickel #@mndedivebitdieg lapgdormpid ogxéhﬂ:rémleumc laysir end dietheweiipesed n t he
| ayer of ger man énucr;t]tﬁglsuer?alcg%f{ﬁ%tfersrtlla%/ler [ s doped by ultra violet
a second layer of one of silver or nickel formed on the conductive binding
layer, wherein the conductive binding layer includes a silicon dioxide and silver or
nickel diffused into the silicon dioxide from the second layer to form the conductive
layer by annealing at a selected temperature for a predetermined period of time;
a layer of germanium selenide material formed on the second layer of silver
or nickel; and
a third layer including silver or nickel formed on the layer of germanium
selenide, wherein the layer of germanium selenide material is doped by ultra violet
anhealing for a selected time period to cause a predetermined level of chemisorption

of silver or nickel from the third layer to diffuse into the layer of germanium

selenide material.

30. A memory cell, comprising:
a first layer of conductive material;
a first dielectric layer formed on a surface of the first layer;
a second dielectric layer formed on the first dielectric layer;
an opening formed in the first and second dielectric layers to expose a

portion of the surface of the first layer, wherein the opening includes a reentrant
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annealing for a selected tine period to cause a predeterm ned | evel of
chem sorption of silver or nickel fromthe third layer to diffuse into the
| ayer of werogmsisusn sel enide material. 30. A nmenory cell, Pcarmgso/3iong: a
first layer of conductive material; a first dielectric layer forned on a
surface of the first layer; a second dielectric |layer formed on the first
dielectric layer; an opening forned in the first and second dielectric

| ayers to expose a portion of the surface of the first layer, wherein the
openi ng i ncl proéte in respenserta atdiffaanopin aBeiol rrd betpeTy bsbizstand s@ongrofil e in
response to egitf.ggr%nce in an etch rate between the first and second
dielectric I(z‘y P YD ndi ng | ayer forned on the dielectric |layer and on

the exposed portippinaing lhyee fsrticl 36 eheficlbhific tayesind cye exposses@tich bayer of
conductive material forned on the binding |ayer; a |ayer of chal cogenide

materi al f ortiegudssethdhesiiisdarerl ayer of conductive material; and a third

| ayer of conductiy i . iyl ni de, wherein
the | ayer of chal acge&g?r?é %gérqn%aftcéﬁ%ﬁg? @%@g@f&hﬁ%‘?‘?ﬂ @%Bm ng?clgg%ducti ve
material  from t helaybi ofdchhlayghidenhaeridi dorhmyen tif sechral lapgeficdeluc8de A nenory
system conprising: an array of nenory el enments, each nenory el enent

i ncl udi ng:  ®Waeriplsand ayer of conductive material; a dielectric layer formned

on a surface of tgikilERE of ARt R IMAREN Eh IV RIal & JRRalgb bRl ric | ayer
to expose a portion of the surface of the first |ayer; a binding |ayer

f ormed on t hehelbiglthe tayeroflchyleogeaitt roateridies doppd by diffystngtdonduative tiaeeriglir f ace

of the first frcl)r?%l?er fhird layer into the layer of chalcogenide.

31. A memory system, comprising:
an array of memory elements, each memory element including:
a first layer of conductive material;
‘r a dielectric layer formed on a surface of the first layer;

an opening formed in the dielectric layer to expose a portion of the
surface of the first layer;

a binding layer formed on the dielectric layer and on the exposed
portion of the surface of the first layer;

a second layer of conductive material formed on the binding layer;

a layer of chalcogenide material formed on the second layer of
conductive material; and

a third layer of conductive material formed on the layer of
chalcogenide material, wherein the memory cell is annealed to cause conductive
material from the third layer to diffuse into the layer of chalcogenide material to

dope the layer of chalcogenide material.

32.  The memory system of claim 31, wherein the binding layer is at least
semiconductive and is formed from an oxide layer by annealing to cause conductive

material from the second layer to be chemisorbed into the oxide layer.
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a second | ayer of conductive material fornmed on the binding |ayer; a |ayer
of chal cogenide material fornmed on the second | ayer of conductive

mat eri al ;ward/osesthi rd | ayer of conductive nmaterial fornmedron/usez3toayer of
chalcogenlde material, wherein the menory cell is annealed to cause
conductive material fromthe third | ayer to diffuse into the |ayer of

chal cogenide material to dope the |ayer of chal cogenide material. 32. The
mermory syst eg of Taé gefodyl sysvdes8dldint F1e wihkreth the bindirgylayes isdeldcddo

sem conductive and is formed fraogm an OXIde | ayer by annealing to cause
conduct i ve prrvidsadhesion bfvesicthe 8esh Avd §e59%4 12¥8S-be cheni sorbed into the oxide
| ayer. 25 WO 03/052815 PCT/ US02/ 37020 33. The nenory system of claim 31,
wherein the binding layer is selected to provide adhesi on between the
first and SgﬂOﬂdThay[ﬁhﬁ)ry aﬁtenil'hﬁclmrﬁir ywhssest thasabnd layens 3Imetaitieates n t he
second Iayer is._a metal that dlffusug%e into an oxide and bonds to an
oxi de. Alf&@%?lyﬁ%%?’@ﬂ?a‘@c}?% YHPLXI%n array of nenory el ements, each
menory eI ement i nci udi ng: a first layer of conductive material; a
dielectric layer formed on a surface of the first |ayer; an opening forned
in the diel 86tri @& memery dysteax posgisingorti on of the surface of the first

| ayer; a binding |ayer fornmed on the di electrl on the exposed
portion of the sﬁ??%ﬁ%oétf‘e’flﬂ%’e?r?@fs P épem%{ys S oerr% Cg@e% of conductive
material formed on the Qﬁfk@ﬂdg&&»ﬁbﬁ&uctlv@nia&hﬁr of germani um sel eni de

material formed on the second | ayer of conductive material; and a third

| ayer of conductive natedielaﬂctrfcd&m@rﬁwdton@ suefgesrof e figblatethi um sel eni de,
wherein the |ayer of gegnngglényn@ eI & 1nqg" A1§le&89?a(§'ep% e"kbggeaa portion of the

surface of the first layer;

a binding layer formed on the dielectric layer and on the exposed
portion of the surface of the first layer;

a second layer of conductive material formed on the binding layer;

a layer of germanium selenide material formed on the second layer
of conductive material; and

a third layer of conductive material formed on the layer of
germanium selenide, wherein the layer of germanium selenide is doped by ultra
violet annealing to cause conductive material from the third layer to diffuse into the

layer of germanium selenide.

36. A memory system, comprising:
an array of memory elements, each memory element including:
a first layer of metallization;
a dielectric layer formed on a surface of the first layer;
an opening formed in the dielectric layer to expose a portion of the
surface of the first layer;
a conductive binding layer formed on the dielectric layer and on

the exposed portion of the surface of the first layer;
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viol et annealing to cause conductive material fromthe third |layer to
diffuse into the layer of germanium selenide. 36. A nenory system

conpri si Nyo cansmis ay of nmenory el enents, each nenory el eneatr/isazBde ng: a
first layer of netallization; a dielectric |ayer fornmed on a surface of the
first layer; an opening forned in the dielectric |layer to expose a portion
of the surface of the first |layer; a conductive binding |layer fornmed on
the dielectric |layer and on the exposed portion of the surface of the

first layer; 26 WO 03/ 0528déndRbskr WBR{B7AE6h fo2ms®@601@ coayietiveobinding
metal lization formed on the conductive binding |ayer, wherein the

. onauct, g lay )
conduct i ve biapi vwheremytbe consartingeunding jaypicapludeseaiiron sirxideand metdl; 1 f used
fromthe sec layer., a la f doped chal cogeni de material fornmed on the
second Iayer&ﬁgiied %H&etsle\cl%ry%eg’ri al; and a third layer of conductive
material formed on the laygt odloptdradcoghideangenil denied barheadecorBilaydh menory
system conprising: an array of nenory elenments, each nenory el enent
i ncl udi ng:  ef dopdeative ayederiabfandne of tungsten, nickel or polysilicon; a

dilel ectric |ayer For ed 83U SRS Aivk Bl Rk &Yl 187 RGN0, f o red

in the dielectric | ayer t0o expose a portion o surface of the first
| ayer; a conghabdokseiddimattin | ayer forned on the dielectric |ayer and on
t he exposed portion of the surface of the first |ayer; a second |ayer of
one of silver or nickel fornmed on the conductive binding |ayer, wherein

the conductiye bngﬁ&ﬂb5§¥§&nj&§hﬂgg%za silicon dioxide and
~an array of memory elements, each memory element including:

a first layer of one of tungsten, nickel or polysilicon;

a dielectric layer formed on a surface of the first layer;

an opening formed in the dielectric layer to expose a portion of the
surface of the first layer;

a conductive binding layer formed on the dielectric layer and on
the exposed portion of the surface of the first layer;

a second layer of one of silver or nickel formed on the conductive
binding layer, wherein the conductive binding layer includes a silicon dioxide and
silver or nickel diffused into the silicon dioxide from the second layer to form the
conductive binding layer by annealing at a selected temperature for a predetemined
period of time;

a layer of germanium selenide material formed on the second layer
of silver or nickel; and

a third layer including silver or nickel formed on the layer of
germanium selenide, wherein the layer of germanium selenide material is doped by
ultra violet annealing for a selected time period to cause a predetermined level of
chemisorption of silver or nickel from the third layer to diffuse into the layer of

germanium selenide material.
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silver or nickel Diffused into the silicon dioxide fromthe second |ayer to
formthe conductive binding |ayer by annealing at a sel ected tenperature
for a predetosnsisned period of tinme; a | ayer of germani umpsaltEsaz/sm2omat eri al
formed on the second |ayer of silver or nickel; and a third | ayer

i ncluding silver or nickel fornmed on the |ayer of germani um sel eni de,
wherein the | ayer of germani um sel enide material is doped by wultra violet
annealing for a selected tine period to cause a predeterm ned | evel of
chemi sor pti @3. of Sidewery gystem, ckaprifingm t he third |l ayer to diffuse into the
| ayer of germani um sel gni de material. 27 WO 03/ 0(?2%5 PCT/ US02/ 37020 38.
A nenory system 3BGHAY PEMTHONAFCEFIE FTEEMESYS 20T EHBEPY arranged in rows

and colums; a plyidhiitYorahdREdiRs sadn D8l RCtheGPURb®@r b Boloma o6f a row or a
colum of nenory ‘elenents; and a plurality of data |ines each coupled to

one of a rowmanom etaphammand nenory el enents, each nenory el enent

e and. a sour caiare Carrsare B BT A B Pl AtmbRr RmRAAT c52

line and a sour edto I ne; an

progr ammabl &dRdmy, ¥adhtthémE9Wdnasht ir@ludi@t her source/drain termnal of the
transi stor, wherein the programmbl e nmenory cell includes: a ff'.rst | ayer of
conductive material; a @itehsgerineluflingarsatedemumrlsaupied iranaddrest e first

| ayer; an opening. f i i al g lLayar to expose a portion of
t he surface a&aatsﬁgcg@[r:gs% tehg?érc?ouglegitﬁg%ﬂa%ﬁ%%rg formed on the dielectric
| ayer and on the exposegrg@ithinabie afentongcaledupled tofindthe sburcgdrairayer ; a

second | ayer of conductive materi.al fornmed og t he bi ndf nr%
terminal of the transistor, wherein the programmable memory cell icludes:

a first layer of conductive material;

a dielectric layer formed on a surface of the first layer;

an opening formed in the dielectric layer to expose a portion
of the surface of the first layer;

a binding layer formed on the dielectric layer and on the
exposed portion of the surface of the first layer;

a second layer of conductive material formed on the binding
layer;

a layer of doped chalcogenide material formed on the second
layer of conductive material; and

a third layer of conductive material formed on the layer of

doped chalcogenide material.

39. A memory system, comprising:
an array of memory elements arranged in rows and columns;

a plurality of address lines each coupled to one of a row or a column of

memory elements; and

a plurality of data lines each coupled to one of a row or a column of memory

elements, each memory element including:
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| ayer; a | ayer of doped chal cogenide material fornmed on the second | ayer
of conductive material; and a third | ayer of conductive material forned on
t he | ayerwofos/osasped chal cogeni de material. 39. A nmenory SPSITAR02/8WeQr i Si Ng:
an array of nenory elenments arranged in rows and colums; a plurality of
address |lines each coupled to one of a row or a colum of nenory el enents;
and a plurality of data |lines each coupled to one of a row or a colum of
menory elenments, each nmenory el ement including: 28 WO 03/052815

PCT/ US02/ 37020 a transh stesistorindludingig gate (rangnal esupladab aseddesdineo an
address line and a squrce/drain term nal coupled to a data line; and a

pr ogr amabl @n%%qrye/é@;qteg@g@h@aplﬁétoaéh&%g %&8Urce/drain terninal of the
transistor, wherein the,Br oot ANTAOKEmEBIRIGHEA to ABtHIAGSIcAlrhinr st | ayer of
one of metallization or gol ysilicon; a'dielectric |ayer fornmed on a surface
of the fir stermy#nf therranpistor, rvghefadr the gragnamineblemsmery eelkintldde to expose a
portion of the surface of the first |ayer.:.a conduct] i ndi ng | ayer
formed on the dielectric I%b@flaé{?fd%o%o Iﬂgfag%%%ogleoap(éyrsﬁlﬁgﬁ, of the surface
of the first layer; a secopdicledyRayef foried 64 a sirfaceof tie firktdked; f or med on the
conductive binding |ayer, wherein the conductive binding |ayer includes a
silicon dioxide and sil vem epenmigdrmieddn fireyeertinlagen ta8XBILRPEHW oxi de
fromthe secqond | ayer formthe conductive binding | ayer by annealing at
a sel ected t@ E}i?eﬁugf}[‘%er%gtg%ﬁrsg{ayﬁrr edeternined period of tine; a |ayer of

ger mani um sel eni de nat eri ah céne@Re diidiRyadommd on the dielectric layer and

on the exposed portion of the surface of the first layer;

a second layer of one of silver or nickel formed on the
conductive binding layer, wherein the conductive binding layer includes a silicon
dioxide and silver or nickel diffused into the silicon dioxide from the second layer to
form the conductive binding layer by annealing at a selected temperature for a
predetermined period of time;

a layer of germanium selenide material formed on the second
layer of silver or nickel; and

a third layer including silver or nickel formed on the layer of
germanium selenide, wherein the layer of germanium selenide material is doped by
ultra violet annealing for a selected time period to cause a predetermined level of
chemisorption of silver or nickel from the third layer to diffuse into the layer of

germanium selenide material.

40. A semiconductor die, comprising:
a substrate; and
an integrated circuit supported by the substrate, wherein the integrated
circuit includes at least one electrode, the at least one electrode including:
a first layer of conductive material;

a dielectric layer formed on a surface of the first layer;
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| ayer of silver or nickel; and a third layer including silver or nickel
formed on the |ayer of germanium sel enide, wherein the |ayer of gernmanium
sel eni de watoansmiisi s doped by wultra violet annealing for paTasomstoed tine
period to cause a predeterm ned | evel of chem sorption of silver or nickel
fromthe third layer to diffuse into the |ayer of germani um sel eni de
material. 40. A sem conductor, die, conprising. . a substrate; and_.an
integrated circuit suppdftapgnisy RrHeddy tdl‘%ffcg',‘c '\ﬂﬁeerrt%ie’ﬁpoéﬂéppﬁ'togﬁfgfeed
circuit incl Se &f g@ﬁasqtl?gpe el ectrode, the at |east one el ectrode
including: a first tIhayer f ’conductive material; a dielectric |ayer forned
on a surface of the fir stbihdipglgyer REmWROBL dE2B1E RET /A0S0 IB7EIROsedan

openi ng fornmned.i n?%tlﬂe di.el e [ t0 expose a portion of the surface

ric layer
of the firstPIrtigipt thy spifagg;o elfgrs?tele?rb%d on the dielectric |ayer and on

the exposed portion of fdeofthfee Sdubie hitesdl fbayedron thdebrdus@@ond | ayer
of conductive material fornmed onh the conductive binding |ayer. 41. A

seni conduct drinding Jayeonpri sing: a substrate; and an integrated circuit
supported by the substrate, wherein the integrated circuit conprises at
| east one el ectrode structure, the at |east one el ectrode structure

including: aafirsh sbawdhd@tor®é, aohipzigihpon; a dielectric layer forned on a
surface of the first layer; an opening formed in the dielectric layer to
expose a portion ®fubshae; angrf ace of the first |ayer;

an integrated circuit supported by the substrate, wherein the integrated

circuit comprises at least one electrode structure, the at least one electrode structure
including:

a first layer of metallization;

a dielectric layer formed on a surface of the first layer;

an opening formed in the dielectric layer to expose a portion of the
surface of the first layer;

a conductive binding layer formed on the dielectric layer and on
the exposed portion of the surface of the first layer; and

a second layer of metallization formed on the conductive binding
layer, wherein the conductive binding layer includes a silicon dioxide and metal
diffused from the second layer by annealing the electrode structure at a selected

temperature for a predetermined period of time.

42. A semiconductor die, comprising:
a substrate; and
an integrated circuit formed on the substrate, wherein the integrated circuit
comprises at least one electrode structure, the at least one electrode structure
including: ‘
a first layer of metallization;

a dielectric layer formed on a surface of the first layer;
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a conductive binding |layer fornmed on the dielectric layer and on the
exposed portion of the surface of the first |layer; and a second | ayer of

met al | i zawoaa/ofusred on t he conductive binding [|ayer, wheCausor/bm2o
conductive binding |layer includes a silicon dioxide and nmetal diffused
fromthe second | ayer by annealing the electrode structure at a sel ected
tenperature for a predeterm ned period of tine. 42. A sem conductor die,
conprising: a substrat At egr ol i : e
substrate, wherein theaﬁﬁpgg %?ﬁgkgﬁfgﬁ?%%gggﬁ% ?g%ghgﬁgFggg?ngEglelectrode
structure, dubfcadfthefisdt lyee el ectrode structure including: a first |ayer

of netallization; a dielectrig¢ |ayer surface aof the first

| ayer; 30 WO 03/05281% qi’@é??@%@?rlaﬁé %‘ﬁ%f)%é?mcr#@yq‘r&fl&rﬁﬂa?e PPl el ectric
| ayer to EX@QQ tROELAERR 0Pihetelis 1 Qﬁ@ce of the first layer; a binding

| ayer for ?%e di el egtch a?é? and on the exposed portion of the

surface of the first IayemnﬁdmwrafsewﬁndUMa@@mﬂbbnﬂ@ﬁ%mhm&bW@bn formed on

adnesi on bArbEUR P RREdt R g o st shror i arkelh BRI ER AR 00 b event

the second {ayRf1apdrs H?ﬁl@{ahizéﬁéﬂ Rpréveaiine Bedong lefy@f 6ﬁﬂet@lllifzatﬂfn fidie opening in
the dielectric |ayer by forces created by a chem cal/nmechani cal

pl anar i zat i tangloesd oyt pethagpenps indlic dislectiis laicaby fuem el e to forman
i sol at 623ne(%1aelg1:él gjgﬁ%'lé(?atl PPagﬁryzaﬁoxflﬁp@sq b'e g apghe%ptgglé %dt{&dte Bigu i @l ectric

| ayer. rrsing and an integrated
circuit for@gEemoan isbRteithstliaiton stieued ﬁ@rrhétﬁml thé¢ egahirieeid tlod dielacttic

layer.

43, A semiconductor die, comprising:

a substrate; and
an integrated circuit formed on the substrate, wherein the integrated circuit
comprises at least one.electrode structure, including:
a first layer of one of tungsten, nickel and polysilicon;
a dielectric layer formed on a surface of the first layer;
an opening formed in the dielectric layer to expose a portion of the
surface of the first layer;
a conductive binding layer formed on the dielectric layer and on
the exposed portion of the surface of the first layer; and
a second layer of silver formed on the binding layer, wherein the
conductive binding layer includes a silicon dioxide and silver diffused from the
second layer into the silicon dioxide to provide adhesion between the first layer and
the second layer during planarization to form a damascene silver layer in the

opening.

31



conprises at |east one, electrode structure, including: a first |ayer of
one of tungsten, nickel and polysilicon; a dielectric layer formed on a
surface oWotohesSsisst | ayer; an opening formed in the diel @ectrriso2/bmyer to
expose a portion of the surface of the first layer; a conductive binding

| ayer fornmed on the dielectric |layer and on the exposed portion of the
surface of the first layer; and a second |ayer of silver fornmed on the

bi ndi ng | ayer, wherein the conductive binding |ayer includes a silicon

di oxi de and4dj | ven dedifodiessttmpoorprsingsecond | ayer into the silicon dioxide
to provide adhesi on between the first |layer and the second | ayer during

pl anari zati on t o295 ftascene silver layer in the opening. 31 WD

03/052815 PCT/ USQ%A&X&%Q st colBle®loqRE proBis§orS 1S rdMory QYR b risife
processor; and a nenor gystenlcoupled to the procesSor, the nmenory system

conpri sing aanaray bAyembrynaenents etdrmen remandelement ingnding: el ement i ncl udi ng:
a first layer of conductive material;: .a dielectric |layer fornmed on a
surface of the first |agdFstlayst @H?Q-F&V?B}’dﬁfg‘&ﬁi n the dielectric layer to

expose a portion of the;Rwcha é?fforh{&aohiars%{:faéeaqmnéﬁﬁtnzéu;ii ng layer formed
on the dielectric layer and on the exposed portion of the surface of the

first layer; a second | ayepenfg formeflintthe diclesttiedayar tof epaiar pHteHe! tBE ndi ng

| ayer; a layer of dojipe{j1 chal cogeni de material forned on the second | ayer
of conducti@érﬁﬁng?%?? 4nd’a third layer of conductive material formed on
the layer of doped chakepdaidgerf@ardioalthe dielectric layer and on the exposed

portion of the surface of the first layer;
a second layer of conductive material formed on the binding layer;
a layer of doped chalcogenide material formed on the second layer
of conductive material; and
a third layer of conductive material formed on the layer of doped

chalcogenide material.

45.  An electronic system, comprising:
a processor; and
a memory system coupled to the processor, the memory system comprising
at least one memory element including:
a first layer of conductive material;
a dielectric layer formed on a surface of the first layer;
an opening formed in the dielectric layer to expose a portion of the
surface of the first layer;
a binding layer formed on the dielectric layer and on the exposed
portion of the surface of the first layer;
a second layer of conductive material formed on the binding layer;
a layer of germanium selenide material formed on the second layer

of conductive material; and
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45. An el ectronic system conprising: a processor; and a nmenory system
coupled to the processor, the nenory systemconprising at |east one nenory
el enent iwoloawsazsgs a first |ayer of conductive naterial; @cdisbpstoed c | ayer
formed on a surface of the first layer; an opening forned in the dielectric
| ayer to expose a portion of the surface of the first layer; a binding
| ayer fornmed on the dielectric |ayer and on the exposed portion of the
surface of the first |ayer; a second |ayer of conductive material forned on
the binding layer; a |lathed lgkr gieondustivemstsriehfosacdan &eilayer Pbr med on t he

second |l ayer of. conductive materjal; and 32 WD.03/ 1 S02/ 37020 a
third | ayer SSPRERNHRT e ™ Ee&tsgiay?%?targggn%m?ﬁ%@ 1&%2%&8? d g}grﬂr%ggni um

sel eni de, Whg[Rhihchhee IPdkEe RhdSeH FRAicA Sehens thadilsyedapdidfulyintthe a  vi ol et
anneal ing to cause conductive material fromthe third layer to diffuse into

the |ayer bferydizraniniwmselerit.de. 46. An el ectronic system conprising: a
processor; and a nenory system coupled to the processor, the nenory system
conprising an array of nmenory el enents and each nenory el ement i ncl uding:
a first |aygs of Aneleirbiicaydtan;cotpesiebectric | ayer formed on a surface of
the first layer; an opening forned in the dielectric |ayer to expose a
portion of the &pioreesen@dthe first |ayer; a conductive binding | ayer

formed on the di gl @GLH Gty ESup@ado A prédiSsof XROBRAOPPEYsteRlcdiprishy sur face

of the first |ayer; _
an array of memory elements and each memory element including:

a first layer of metallization;

a dielectric layer formed on a surface of the first layer;

an opening formed in the dielectric layer to expose a portion of the
surface of the first layer;

a conductive binding layer formed on the dielectric layer and on
the exposed portion of the surface of the first layer;

a second layer of metalization formed on the conductive binding
layer, wherein the conductive binding layer includes a silicon dioxide and metal
diffused from the second layer;

a layer of doped chalcogenide material formed on the second layer
of conductive material; and

a third layer of conductive material formed on the layer of doped

chalcogenide material.

47.  An electronic system, comprising:
a processor; and
a memory system coupled to the processor, the memory system comprising
an array of memory elements and each memory element including:
a first layer of one of tungsten, nickel or polysilicon;

a dielectric layer formed on a surface of the first layer;
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a second | ayer of netalization forned on the conductive binding |ayer,
wherein the conductive binding layer includes a silicon dioxide and netal
di f f used Wooniosises second | ayer; a | ayer of doped chal cogemcaaSorsmeé al
formed on the second layer of conductive material; and a third layer of
conductive material forned on the |ayer of doped chal cogenide material.
47. An el ectronic system conprising: a processor; and a nenory system
coupled to the processor, the nenory system conprising an array of nenory

el enents and each Menory HLEREMmIcAGH HRidscuR lal&rsb ckpiet poftionne ol
tungsten, nickel or polysilicon; a dielectric layer formed on a surface of

Ej'hel first Is.a,yﬁapc; of 8@ fiviD1981;,052815 PCT/ US02/ 37020 an opening formed in the
ielectric layer to expose.a. portion of the r : . t i | ayer;, a
SRS 8 e S b

conductive binding | ayér®f eCctric t he exposed

portion of fhexsdsed p&kiodlor iHeuifhdesdf thefit layer; second | ayer of one of silver
or nickel formed on the conductive binding Ia%{%r wherein the conductive

bi ndi ng | ayer incl udes a&segnd laxsi of pepice vy mi fpemeden HiecRRFUCHYS f used
into the sili glglg l%lep X l8eid 'Eh%rgo{lg\?ctﬁgg%gnétlg%?'incthﬂleg Q&b GioxfaeRguct i ve

bi ndi ng Iayl_%lll’1 nriealtng at a selecte enperature for a predeterm ned
peri od of ténR omnitiay arffinéd ges tekilicon deixade frben thetsecdndl lasfen toledndlre t he second

| ayer of silver or nickel; and a third | ayer. includi silver or .nickel

formed on teradpeiNebiRfing @é?frm/%ﬁ?l%laéﬁisﬁéée%gw&faﬁ“? Ecg aﬂ’é?féfe Bider mani um

sel eni de ”B]gé{ddadftih?e-dODGd by wultra violet annealing for a selected tine
c

period to use a preédeterm ned | evel of
a layer of germanium selenide material formed on the second layer

of silver or nickel; and

a third layer including silver or nickel formed on the layer of
germanium selenide, wherein the layer of germanium selenide material is doped by
ultra violet annealing for a selected time period to cause a predetermined level of
chemisorption of silver or nickel from the third layer to diffuse into the layer of

germanium selenide material.

48.  An electronic system, comprising:
a processor; and
a memory system coupled to the processor, the memory system including:
an array of memory elements arranged in rows and columns;
a plurality of address lines each coupled to one of a row or a
column of memory elements; and
a plurality of data lines each coupled to one of a row or a column
of memory elements, each memory element including:
a transistor including a gate terminal coupled to an address
line and a source/drain terminal coupled to a data line; and
a programmable memory cell coupled to another source/drain
terminal of the transistor, wherein the programmable memory cell includes:

a first layer of conductive material;
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chem sorption of silver or nickel fromthe third |layer to diffuse into the
| ayer of germanium selenide material. 48. An electronic system

conpri si Nyo 03@s1dHcessor; and a nenory system coupl ed to tPha/ysovs®asor, the
menory systemincluding: an array of nenory el enents arranged in rows and
colums; a plurality of address |ines each coupled to one of a row or a
colum of nenory elenents; and a plurality of data |lines each coupled to
one of a row or a colum of nmenory el enents, each nenory el enent

including: a transistor ingchibdiig ideSRhRed 6 Avi@lce 0OthplfRst Iiyer,an addr ess
line and a source/drain term nal coupled to a data |line; and a progranmmmabl e
menory cel | coupl ed to anctimpenisgdores dr Bierlicledigriane to 6¥Paska PPYQRAsI st or |

wherei n the oqr |.e ry.cell includes: a first layer of conductive
nmateri al ; Qg{f\ﬁ%“%%edg%fgg%ﬁéusoz/ 37020 a dielectric layer fornmed on a
surface of the first |ayersbiadingRset fogmédomea didleditielagéreindontliecc | ayer to

expose a portion of the surface of the first layer; a binding |ayer forned
on the di el espasedpouipnpf hsgudsretohdhe WXIB%Ed portion of the surface of the

first layer; a second | ayer. ol PODAUPLLNECR RIkAL RIS @AbRbELDI ndi ng

| ayer; a | ayer of doped chalcogenfde material fornmed on the second | ayer
of conductivgepmterial; and a third | ayer of conductive material formed on

I': gﬁplr ?Z ie rn g ?f doped chal c Oag ﬁ?férdo dggédecrhlaf%lo 'gen‘%(?é mé@ﬁaﬁl fgr(fﬁerdoorllll the SYSAEM

layer of conductive material; and

a third layer of conductive material formed on the layer of

doped chalcogenide material.

49.  An electronic system, comprising:
a processor; and
a memory system coupled to the processor, the memory system including:
an array of memory elements arranged in rows and columns;
a plurality of address lines each coupled to one of a row or a
column of memory elements; and
a plurality of data lines each coupled to one of a row or a column
of memory elements, each memory element including:
a transistor including a gate terminal coupled to an address
line and a source/drain terminal coupled to a data line; and
a programmable memory cell coupled to another source/drain
terminal of the transistor, wherein the programmable memory cell includes:
a first layer of one of metallization or polysilicon;
a dielectric layer formed on a surface of the first layer;
an opening formed in the dielectric layer to expose a portion
of the surface of the first layer;
a conductive binding layer formed on the dielectric layer and

on the exposed portion of the surface of the first layer;
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a processor; and a nenory system coupled to the processor, the nenory
systemincluding: an array of nmenory elenents arranged in rows and

col ums; wopBsmiity of address |ines each coupled to oneprafi/iBozsmnor a
colum of nenory elenments; and a plurality of data |ines each coupled to
one of a rowor a colum of nmenory elenents, each nenory el enent
including: a transistor including a gate termnal coupled to an address

line and a source/drain term nﬁLﬂg%?Oﬁ'}lgggéiﬁeg?%%l MI‘H)%?O?% a programmabl e

menory cell coupled to andf%ef erm na he transistor,

wher ei n t hgRERGY@BRRHEFER WHdreif 8ld condedtive 6ading liyer sichidey etiliofn one of
nmetallization or polysilicon; a dielectric |ayer. formed on a surface of the

first |ayerdioxide andentlivergorindekebdiffusediinte the sliean ¢iprde Fowrthe speendig¥& 4 porti on
of the surface of the first,.] [ t [aalell formed on the
dielectric f?%é‘}e Cﬁﬂ‘éi‘mtlgﬁgi“ﬁglgg}%é%gn%gwg %tnd s\éﬁctgﬁggﬁsﬁt}??tg%ﬁ% the first

| ayer; 35 \ﬁ@&%@ﬁ%ﬁ%@ﬁ@ﬁmﬁaﬂ 37020 a second | ayer of one of silver or
ni ckel formed on the conductive binding | ayer he condugtive

, Wherein

bi ndi ng | ayer includes a %iaYF%erSeHH?‘B%Pd%Ie’élﬁamélfWLﬁ%“B? # the 8PS0t f used
into the silicon_ .di oxi r the second layer to formthe conductive
bi ndi ng | ax)@?er(égmg)ﬁgg%ﬁ?%%’ %‘tﬁ] a selected tenperature for a predeterm ned
period of tine; a |ayer of tlgerlagpmninciuded shieder mekteb farakd pothedayesni t he second
| ayer of silver oor nickel; and a third |layer including sil.ver ni ckel
formed on taeETEYBCisRIdeqERGHER hfmRLE ﬁf”ﬁ%ﬁm% eéil% ’P%gmflé@g?peg;byger mani um
sel eni de maLLS L dler hinddRRERr A¥%eletthd fifhe \PeRbLlo ARRAAIbdGerhfieddetbect €d time
period to cause a predeterm ned | evel of . _

chemisorption of silver or nickel from the third layer to diffuse into the layer of

germanium selenide material.

50. A method of making an electrode structure, comprising:
forming a first layer of conductive material;
forming a dielectric layer on a surface of the first layer;
forming an opening in the dielectric layer to expose a portion of the surface

of the first layer;

forming a binding layer on the dielectric layer and on the exposed portion of
the surface of the first layer; and

forming a second layer of conductive material on the binding layer.

51.  The method of claim 50, wherein forming the binding layer comprises:
forming an oxide layer; and
annealing the electrode structure to cause conductive material from the

second layer to be chemisorbed into the oxide layer.

52.  The method of claim 51, further comprising controlling the chemisorption of
conductive material from the second layer into the oxide layer by annealing at a

selected temperature for a predetermined time period.
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chem sorption of silver or nickel fromthe third |layer to diffuse into the
| ayer of germanium selenide material. 50. A nethod of making an el ectrode
st ruct ur ewodsomsisi ng: formng a first |ayer of conducti PETHESIBEBT020 ;
formng a dielectric layer on a surface of the first layer; formng an
opening in the dielectric layer to expose a portion of the surface of the
first layer; formng a binding |ayer on the dielectric |ayer and on the
exposed portion of the surface of the first layer; and form ng a second

| ayer of conductive material on the binding |ayer. 51. The method of claim

50, wherein form ng the bindin ég%gr conpri ses: . fornicglan oxi de | ayer;
and anneal i%g t e @ethad felaimVy brheecomprisngseleedermeRl Bt eri al from the

second | ay gﬁ%‘pﬁﬁ&g‘miﬁ%&%g%@ I]ta?ﬁ& 'agegia}iayer. 52. The net hod of

cl aimb51, er conprising contr g the chem sorption of conductive
material fromthe second |layer into the oxide |ayer by annealing at a

sel ected tenperature for a predeterm ned tine peri.od., 3 03/ 052815

PCT/ US02/ 37620 _T@S me’F}I‘\Oé1 Qf&%é o#“r%‘F%?W%{ngf%ﬁg’@H@Fg@ﬁfg?q\{r\gfiﬁg sel ecting a
metal that sh'ﬁc ieftyUsd bl MeBh A aPYlafRizh@dn frdgessecond |ayer of material .
54. The nmethod of "claim 50, further conprising planarizing the el ectrode

structure by a chem cal /nechani cal planarization process. 55. A nethod of

maki ng a el ectrode structure, c ri.sing: form.ng a first |ayer of

metal i zat isgn; on?lFrﬁ’r?S oin&k@g@&%}&gd? %{ngFur%ﬁOE’pgﬂﬁg'ace of the first layer;
form ng an openif&gﬂihgatﬁm1@%gbﬁﬁ§tajligaﬁ@yer to expose a portion of the
surface of the first layer; formng a binding |ayer on the dielectric

| ayer and on t hdomipgsditlgstra laysy ogfa surface of the first layer; ,

forming an opening in the dielectric layer to expose a portion of the surface
of the first layer;

forming a binding layer on the dielectric layer and on the exposed portion of
the surface of the first layer;

forming a second layer of metallization on the binding layer;

annealing the electrode structure to cause metallization from the second layer
to diffuse into the binding layer and to provide adhesion between the first and
second layers of metallization; and

planarizing the electrode structure by a chemical/mechanical planarization
process to form an isolated metallization structure formed in the opening in the

dielectric layer.

56. A method of making an electrode structure, comprising:
forming a first layer including one of tungsten, nickel and polysilicon;
forming a dielectric layer on a surface of the first layer;
forming an opening in the dielectric layer to expose a portion of the surface
of the first layer;
forming a bindiﬁg layer including a silicon dioxide on the dielectric layer

and on the exposed portion of the surface of the first layer;
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the surface of the first layer; formng a second | ayer of netallization on
the binding |ayer; annealing the electrode structure to cause netallization
fromthe woeasnssisyer to diffuse into the binding | ayer acd/tsoz/previ de
adhesi on between the first and second |ayers of netallization; and

pl anari zing the el ectrode structure by a chem cal/nmechani cal planarization
process to forman isolated netallization structure forned in the opening

in the dielect U?fQni@)ées_reeorﬁelaye?\iﬁ@id?@%joﬁof@ﬂkér@ﬁd aiekell @Ché Bi@dingt r uct ure,
conprising: formng a first layer including one of tungsten, nickel and

pol ysiliconlayerforming a dielectric layer on a surface of the first |ayer;

f ' [ 0.t ' 1,G ti f th
surface of 1o True B gR Rt FYEHnd ERRRRALRR i 10 2 il con

di oxi de on prbgetethheicimé pericayte contesl dhadheii@riopes sidvapor hickel imb thdre surface
of the first layer; 37 WO 03/052815 PCT/ US02/ 37020 -P ding a second | ayer
i ncl udi ng onediBg layer@ed and ni ckel on the binding layer; annealing the

el ectrode St 1 UCtiy 6.l AnS BLARIEU IR M Lodisodie T QIRIFLThEed ti e

period to contr hem sorption of silver or nickel into the binding
| ayer; and qpeamgri zi ng the el ectrode structure to forma damascene sil ver
| ayer in the opening. 57. A nethod of naking an el ectrode structure,
conprising: formng a first layer of conductive nmaterial; formng a

di el ectric 4Ayera QbioddtrhAGss A elbdk@dé bttithurk Afprishgf M ng an opening
including a reentrant profile in the dielectric layer to expose a portion
of the surface dbrhing affirsidaydr af eonductive material;
forming a dielectric layer on a surface of the first layer;
forming an opening including a reentrant profile in the dielectric layer to
expose a portion of the surface of the first layer;
forming a conductive binding layer on the dielectric layer and on the
exposed portion of the surface of the first layer; and

forming a second layer of conductive material on the conductive binding

layer.

58. A method of making an electrode structure, comprising:

forming a first layer including one of tungsten, nickel and polysilicon;

forming a first dielectric layer on a surface of the first layer;

forming a second dielectric layer on the first dielectric layer, wherein the
first dielectric layer has an etch rate faster than the second dielectric layer;

forming an opening in the first and second dielectric layers to expose a
portion of the surface of the first layer, wherein the opening includes a reentrant
profile in response to a difference in the etch rate between the first and second
dielectric layers;

forming a binding layer including a silicon dioxide on the second dielectric

layer and on the exposed portion of the surface of the first layer;

38



form ng a conductive binding |layer on the dielectric |layer and on the
exposed portion of the surface of the first |layer; and formng a second

| ayer of wordwosiBive nmaterial on the conductive binding | &¢garusosg02 et hod
of making an el ectrode structure, conprising: formng a first |ayer

i ncl udi ng one of tungsten, nickel and polysilicon; formng a first
dielectric layer on a surface of the first layer; formng a second
dielectric layer on the first dielectric layer, wherein the first

dielectric layer has.an etch,rate faster than, the j.electric |ayer;
forming an openi nEOWn$ ReEcePpd Latyeralﬁ(&lu lélggﬁéogslﬂé’fere%[}drsr?@% gl;l/g{regm?%ﬁ%xpose a
portion of thgegurface of the first layer, wherein the opening includes a
reentrant profile in response to a difference in the etch rate between the

first and second apnesling theieteciradestaicturepty selpcted BmaRarsgrefay@r i ncl uding a

of e sur f alisRph® pRRGRARA S EhagLEG o BTl Rt odBaRBSE® Porm ng

a second | aye@indificlayid gl one of silver and nickel on the binding |ayer;
annealing the electrode structure at a selected tenperature far a

predet ernined ti n@laﬁé‘imﬁ%iﬂ’fec?l‘??gﬁ&r%Tuchﬁ"etocfﬁgﬂﬁ%%f‘ﬁeﬁ"n“ fer ginr\}Ertheor ni ckel
into the bi '&giﬁﬂﬂ layer; and planarizing the electrode structure to forma
damascene sil ver %ayer in the opening. 59. A nethod of maeking a nmenory
cell, conprising: formng a first layer of conductive material; formng a

0T I SHET B At Bl L T 70, oPEm T L the

forming a first layer of conductive material;

forming a dielectric layer on a surface of the first layer;

forming an opening in the dielectric layer to expose a portion of the surface
of the first layer;

forming a binding layer on the dielectric layer and on the exposed portion of
the surface of the first layer;

forming a second layer of conductive material on the binding layer;

forming a layer of doped chalcogenide material on the second layer of
conductive material; and

forming a third layer of conductive material on the layer of doped

chalcogenide material.

60. A method of making a memory cell, comprising:

forming a first layer of conductive material;

forming a dielectric layer on a surface of the first layer;

forming an opening in the dielectric layer to expose a portion of the surface
of the first layer;

forming a binding layer on the dielectric layer and on the exposed portion of
the surface of the first layer;

forming a second layer of conductive material on the binding layer;
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formng a binding layer on the dielectric layer and on the exposed portion
of the surface of the first layer; formng a second | ayer of conductive
mat eri al wo oBhg2sws ndi ng | ayer; formng a | ayer of doped ekalusoysniae
material on the second |ayer of conductive material; and formng a third

| ayer of conductive material on the |layer of doped chal cogenide material.
60. A nethod of nmaking a nenory cell, conprising: formng a first |ayer of
conductive material; formng a dielectric |layer on a surface of the first

| ayer; form ng an _opening in.the dielectric | [ ortion of
the surface of EWQEPgF§8@T%QEF?mFBWﬁgﬁamﬁ“EW%%?H%hgégégﬁéﬁmﬁﬂg di el ectric
| ayer and oroilRtioXRRGedlportion of the surface of the first |ayer;
forming a second | ayer of conductive material on the binding. |layer; 39 WO
03/ 052815 PCT/ USGemBrg2third leyeriof gondurtiveanaterialparthelsyerAl eI YR nat eri al on
t he second Ia¥er pfd conductive material; formng a third | ayer of

conducti ve nH ﬁlrdf?’aafn on the layer of germanium selenide; and annealing the
menory cell to caus&liagBeuathye cBRteEdusd cdndachivtehratediil fidbn dnpétrird layerdi f f use
into the |ayer of germanium selenide. 61, The nethod of claim 60, wherein

t he concent rtediffie gito erlmnPhasTnYE SHIYE- in the ger mani um sel eni de | ayer
is between about 15/85 and about 40/60. 62. A nethod of making a nmenory
cell, conprising: formng a first layer of netallization; formng a
dielectric l@yer The naethed éfatamaio, therehi the torcapteationfod gemagivam togiskenidsg i n t he

dielectric layer to expose ortjon of the rf.ac
inthe gennaniur% selenfclleifayer {s%etween agoutslg/gS and about 40/60.

62. A method of making a memory cell, comprising:

forming a first layer of metallization;

forming a dielectric layer on a surface of the first layer;

forming an opening in the dielectric layer to expose a portion of the surface
of the first layer;

forming a binding layer including silicon dioxide on the dielectric layer and
on the exposed portion of the surface of the first layer;

forming a second layer of metallization on the binding layer;

diffusing metallization from the second layer into the binding layer;

forming a layer of chalcogenide material on the second layer of
metallization;

forming a third layer of metallization on the layer of chalcogenide material;
and |

annealing the memory cell to cause metallization from the third layer to

diffuse into the layer of chalcogenide material.
63. A method of making a memory cell, comprising:

forming a first layer of one of tungsten, nickel or polysilicon;

forming a dielectric layer on a surface of the first layer;
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of the first layer; formng a binding |ayer including silicon dioxide on
the dielectric layer and on the exposed portion of the surface of the
first | aywo;o3fosmsms ng a second | ayer of netallization on tIr€ThiS0zi31000 | ayer ;
diffusing netallization fromthe second | ayer into the binding | ayer;
formng a | ayer of chal cogenide material on the second | ayer of
netallization; formng a third |layer of netallization on the |ayer of

chal cogenide material; and annealing the nenory cell to cause
metal | i zation frogyhig of Bh&dind AURE dibRctrildyeb®expBiets pdiBoh BYBE s@iface
chal cogenide material.” 63. A nethod of making a nenory cell, conprising:

form ng a fiofdhe fimylyerpf one of tungsten, nickel or polysilicon; formng a

dielectric layer on a sutface of .the.first. | ayer.. 40 WD,.03/.05281
PCT/ US02/ 3702% fng?Hlﬁé%éﬂﬁQﬁ?‘é}ﬁ?fﬁ@“qﬁlqﬁ“¥ ?185‘8%%8@% R thedigd °tP8¥a3’>‘%‘§ose a
portion of tha osuhd 8GRsedorfidiforlthd Siffab@yehe fif®layeng a bi nding | ayer

including a silicon dioxide on the dielectric |ayer and on the exposed
portion of the supfaiogastconddayer efsanelofyidyer of pickeliog the eudueiive ARHRE of one of
silver or nilckeJ on the conductive binding |ayer; diffusing silver or

ni ckel into ?ﬁ%’binding | ayer fromthe second |ayer by annealing at a

sel ect ed t enper atdiffésifi@silver prelel Bitdribedihdiey lape fafm thersecoriddayarbg a | ayer of
ger mani um sel eni de material on the second |ayer of sjlver or nickel;
forming a tHinReelingpbe seleried igmperabry {pg @ perdetsrpivgdl PO HdiMSyer of ger mani um

sel eni de; and an ’}SHﬁl'nE 9 1428 o BB AN iuf&elentd® nfRURE off 1Y £EGIARTE BEGepVEl O

chem sorption
or nickel;

forming a third layer including silver or nickel on the layer of germanium
selenide; and

annealing the memory cell to cause a predetermined level of chemisorption
of silver or nickel from the third layer to diffuse into the layer of germanium

selenide material.

64. A method of making a memory cell, comprising:

forming a first layer of conductive material;

forming a first dielectric layer on a surface of the first layer;

forming a second dielectric layer on the first dielectric layer;

forming an opening in the first and second dielectric layers to expose a
portion of the surface of the first layer, wherein the opening includes a reentrant
profile in response to a difference in an etch rate between the first and second
dielectric layers;

forming a binding layer on the second dielectric layer and on the exposed
portion of the surface of the first layer;

forming a second layer of conductive material on the binding layer;

forming a layer of chalcogenide material on the second layer of conductive

material;
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of silver or nickel fromthe third layer to diffuse into the |ayer of
germani um selenide material. 64. A nethod of making a nenory cell,
conpri si myo o3fosasms ng a first |ayer of conductive materi al pcrarsor/smp2@ fir st
dielectric layer on a surface of the first layer; formng a second
dielectric layer on the first dielectric layer; formng an opening in the
first and second dielectric |layers to expose a portion of the surface of
the first layer, wherein the opening includes a reentrant profile in

response to a difi H%?tﬂiﬂi ﬁger gﬁ&dru?&&e &%%Hﬁ%ﬁ hdf éljog%éal pRgcond
dielectric layers; tormng a binding [ayer on the secon 1 eI%eLTi ¢ | ayer
and on the exjaedt andorti on of the surface of the first layer; formng a

second | ayer of conductive naterial on the hinding | a form ng a | ayer

er,
of chal cogeni de naR¥RIRE hsMIAYY el npupegraduciive saeim fopdhe ddayal ; 41 WO
03/ 052815 Pcmgg§gg5§;&%gab;@%@%@go h%ﬂb%Qﬁ&%Mﬁ%ﬂQf conductive material on
[ mat érial; an

the | ayer of chal cogeni de al ; anneal 1 ng the nenory cell to cause
conductive material fromthe third |layer to be chem sorbed by the | ayer of
chal cogeni de _pat er,i a et hod ofﬁggkin a .nenory system conprising:

| 5
form ng an aPPay éfmFI%‘PrgP§/m§ SFEEEnory ‘?nﬂ)’r‘i%}”r?&s‘é‘g'rrerrory cel | associ at ed

with each menory el fighin aiesr@hdinory elefend; &ach menory cel |l includes:
formng a first |ayer of conductive material; formng a dielectric |ayer on

a surface of the fdarmeng & mgmory ¢adlassovtptedwisip eashroernory ehemedt, ethersin i ¢ | ayer to

expose a por tfcl)r%q]ngoéachtrrt]e?nosrg/”cél Pn%lu%];s:t he first layer;

forming a first layer of conductive material;

forming a dielectric layer on a surface of the first layer;

forming an opening in the dielectric layer to expose a portion of
the surface of the first layer;

forming a binding layer on the dielectric layer and on the exposed
portion of the surface of the first layer;

forming a second layer of conductive material on the binding
layer;

forming a layer of doped chalcogenide material on the second
layer of conductive material; and

forming a third layer of conductive material on the layer of doped

chalcogenide material.

66. A method of making a memory system, comprising:
forming an array of memory elements; and
forming a memory cell associated with each memory element, wherein
forming each memory cell includes:
forming a first layer of conductive material;
forming a dielectric layer on a surface of the first layer;
forming an opening in the dielectric layer to expose a portion of

the surface of the first layer;
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formng a binding layer on the dielectric |layer and on the exposed portion
of the surface of the first layer; formng a second | ayer of conductive

mat eri al wo oBhs2sis nding |ayer; formng a | ayer of doped ekalusoysniae
material on the second |ayer of conductive material; and formng a third

| ayer of conductive material on the |ayer of doped chal cogenide material.
66. A nmethod of naking a nenory system conprising: formng an array of
menory el enents; and f orfeimigga bireiny Myaehlthadisleciratiedr wmd dn heaekposahor y

el enent, wherei.n f%rgrri ?q%]Ch nory cell includes: formng a first |ayer
of conduct i vBOTHER &F hgIsurtfes st 1aYsl ectric layer on a surface of the

first layer; formng an SRRk AGedoRaider O BhEGkiE Sl auehn iR seiigse @ portion
of the surface of the first layer; 42 WO 03/052815 PCTX}USOZ/S 20 formng

a binding | alager;on the dielectric layer and on the exposed portion of the
surface of the first layer;. form ng.a second ] ayer of.conductive materi al
on the binding |ayer; ffg’??fpﬁélaé’ef 6‘?”‘3&?4?&%?&%?%?% ege?ﬁggeri al on

t he second 1a?yﬁffcgﬁd&goglgﬁfew@ material; formng a third | ayer of
conductive material on the layer of germanium selenide naterial; and

anneal i ng the menory celiprmiog & dusblageed oendugievamaterialain the asentdie  third
| ayer to dif elﬁsn%niiuntéjelénﬂ%rllqggl%, a%fd ger mani um sel eni de. 67. A nethod of
maki ng a nenory syrsnt eny conprising:

annealing the memory cell to cause conductive material from the

third layer to diffuse into the layer of germanium selenide.

67. A method of making a memory system, comprising:
forming an array of memory elements; and
forming a memory cell associated with each memory element, wherein
forming each memory cell includes:
forming a first layer of one of tungsten, nickel or polysilicon,
forming a dielectric layer on a surface of the first layer;
forming an opening in the dielectric layer to expose a portion of
the surface of the first layer;
forming a binding layer including a silicon dioxide on the
dielectric layer and on the exposed portion of the surface of the first layer;
forming a second layer of one of silver or nickel on the conductive
binding layer;
diffusing silver or nickel into the binding layer from the second
layer by annealing at a selected temperature for a predetermined period of time;
forming a layer of germanium selenide material on the second
layer of silver or nickel,
forming a third layer including silver or nickel on the layer of

germanium selenide; and
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formng an array of nenory elenments; and formng a nmenory cell associ ated
with each nenory el enent, wherein formng each nenory cell includes:

form ng awbissssiayer of one of tungsten, nickel or pol ysipCiramsanz/370k@r m ng a
dielectric layer on a surface of the first layer; form ng an opening in the
dielectric layer to expose a portion of the surface of the first |ayer;
formng a binding layer including a silicon dioxide on the dielectric

| ayer and on the exposed portion of the surface of the first layer; formng
a second | ayer of one of amichiigythemenmiockedl] torvatdea ratethnrineddeveboindi ng | ayer ;

di ffusing silver, or nickel inta the binding |ayer fromth econ | ayer b
anneal i ng at C?@@P’é’&‘f’%ﬂgﬁb’ﬁlbgrr‘&?lfﬁl 2"0 I F‘e :t;{“%rl@é%?%?‘ﬁ{uﬁ%’&‘ttop@??ﬁﬁr% ti rrg; Y

formng a | ayer,ofiyH68RAL BRleigl eni de material on the second |ayer of
silver or nickel; formng a third |ayer including silver or nickel on the

| ayer of germani um sel enide; and 43 WD 03/ 052815 PCT/ US02/ 37020 anneal i ng
the nmenory cgh{ t%ca sg ? Eedetern‘i ned | evel of. chem sorption of silver
or nickel " fr&fh t hé BRTPEC 5@ N2 A R SETCEPINEE| ayer of ger mani um

sel enide material foréfing A ARLGIAn@horielehREtstrABESA Y rGY SARTQ0IERHEPr | Si NQ:
formng an array of nenory el enments arranged in rows and colums; formng
a plurality of addemrg pphealiteafeddseses inescachcaipteddp oge pPHIFRY Ol WP of
menory el ement.s; and formng.a plurality of data |lines each coupled to one
of a row or é)%gigfnt? 618?16 ﬁ’eaqrrlgry el enents, wherein form ng each nmenory

el ement includes: féiing H@ludality 8Nddtstines eastcddigleddo ang et erotvesmi cvhtmcolipl ed to

one of the , . .
memory elements, wherein forming each memory element includes: ‘
forming a transistor including a gate terminal coupled to one of the
plurality of address lines and a source/drain terminal coupled to one of the plurality
of data lines; and
forming a memory cell coupled to another source/drain terminal of
the transistor, wherein forming the memory cell includes:
forming a first layer of conductive material;
forming a dielectric layer on a surface of the first layer;
forming an opening in the dielectric layer to expose a portion
of the surface of the first layer;
forming a binding layer on the dielectric layer and on the
exposed portion of the surface of the first layer;
forming a second layer of conductive material on the binding
layer;
forming a layer of doped chalcogenide material on the second
layer of conductive material; and

forming a third layer of conductive material on the layer of

doped chalcogenide material.

44



plurality of address lines and a source/drain term nal coupled to one of
the plurality of data |lines; and form ng a nenory cell coupled to another
sour ce/ drapro3isasns nal of the transistor, wherein form ngPChaSopsmey cel l
includes: formng a first |ayer of conductive material; formng a
dielectric layer on a surface of the first layer; formng an opening in
the dielectric layer to expose a portion of the surface of the first

| ayer; formng a binding layer on the dielectric layer and on the exposed
portion of the surfac e first layer; form.ng a second | ayer of

e of t ;
conducti ve nﬁ%eri’élm%}h"‘f‘?fé“ R GMODAYYEEm, FUPRREE a | ayer of doped

chal cogeni de mat efyi@lno0M AfF 0B RERADE, clbBYRE arpingE@RAGS HE cHBRE;! al ; and
formng a third | ayer "of conductive material on the |ayer of doped

chal cogeni de mat eforming aplumily8/206281BrePETh USaHEBPORG of 8 9ow Ar aretlhmd of
maki ng a neno system co ising: formng an array of nenory el ements
PR TG

arranged in formng a plurality of address |lines each

coupl ed to one of foAn{RW NiraBtyCEldAMNinePEacHBHRYIN 1BloREBNA Sow aNdcdl@mAong a
plurality of data |ines each coupled to one of a row or a colum of nenory

el ements, whaeapry dlemnerts gvhseaih fomming spcke memernit clpment depdedest or mi ng a

transistor including a e termnal .coupl ed e of t pl urality of
address lines and a sou%gxé?la% 3itrﬁn511%?rnll%§lg m%(%&% eetg l%aq(g%‘épng tot ng ngﬂﬁ“r ality

of data |i neglirainboffl ddresHiine af® AB6 W c&@laln tedniphleduplod anaichdthesgiutatis/ dr ai n
term nal of oftdre]x?a ltir{eg;ngnidSt or, wherein formng the nmenory cell includes:
forming a memory cell coupled to another source/drain terminal of

the transistor, wherein forming the memory cell includes:

forming a first layer of one of tungsten, nickel or polysilicon;

forming a dielectric layer on a surface of the first layer;

forming an opening in the dielectric layer to expose a portion
of the surface of the first layer;

forming a binding layer including a silicon dioxide on the
dielectric layer and on the exposed portion of the surface of the first layer;

forming a second layer of one of silver or nickel on the
conductive binding layer;

diffusing silver or nickel into the binding layer from the
second layer by annealing at a selected temperature for a predetermined period of
time;

forming a layer of germanium selenide material on the second
layer of silver or nickel;

forming a third layer including silver or nickel on the layer of
germanium selenide; and

annealing the memory cell to cause a predetermined level of
chemisorption of silver or nickel from the third layer to diffuse into the layer of

germanium selenide material.
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formng a first |layer of one of tungsten, nickel or polysilicon; formng a
dielectric layer on a surface of the first layer; formng an opening in

t he di el ewDrosmsisayer t o expose a portion of the surface @CTiUve2/87026t

| ayer; formng a binding layer including a silicon dioxide on the
dielectric layer and on the exposed portion of the surface of the first

| ayer; formng a second |ayer of one of silver or nickel on the
conductive bindiqg | ayer; diffusing silver or nickel into the binding |ayer
fromthe setbnd reakiiegd seRgcadugiosdiP conwiisingiper at ure for a

predet erm ned per |r8\(;§d1 sﬁxbé’ﬁaate form ng a layer of germani um sel eni de
material on the Séconde of silver or nickel; formng a third | ayer

including silver teﬁnimgqhexhtegﬁteﬁhecdumpo@éd byoRe swirete) sed eni de; and

anneal ing the nenory cell to cause a predeterm ned |evel of chem sorption
of silver or ni ckfennmg@meiqﬁ@@wwleﬁé@w iptegrated CSWL Wherrip FREmIng B of

ger mani um Seél@c'?ﬂoﬁ@ rgﬁ\tdggl al. 45 WD 03/052815 PCT/ US02/ 37020 70. A nethod
of maki ng a sem conduct or di e, conprising: providing a substrate; formng
an integrated circuit suppangedirdyayehef outhstiivabeterahyd form ng an el ectrode

OB e D e LS L e B 00 1 s,
expose a portion of theoains PRI ABERRPRyLLi AP0t BT o T aver Lo
the surface of the first layer;
forming a binding layer on the dielectric layer and on the exposed
portion of the surface of the first layer; and
forming a second layer of conductive material on the conductive

binding layer.

71. A method of making a semiconductor die, comprising:
providing a substrate;
forming an integrated circuit supported by the substrate; and
forming an electrode structure associated with the integrated circuit, wherein
forming the electrode structure includes:
forming a first layer of metallization;
forming a dielectric layer on a surface of the first layer;
forming an opening in the dielectric layer to expose a portion of
the surface of the first layer;
forming a binding layer on the dielectric layer and on the exposed
portion of the surface of the first layer;
forming a second layer of metallization on the binding layer;
annealing the electrode structure to cause metallization from the
second layer to diffuse into the binding layer and to provide adhesion between the

first and second layers of metallization; and
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formng a binding layer on the dielectric |layer and on the exposed portion
of the surface of the first layer; and form ng a second | ayer of conductive
mat eri al wo oBhs2sednducti ve binding layer. 71. A nethod ofrCraksomsgroan

sem conductor die, conprising: providing a substrate; form ng an
integrated circuit supported by the substrate; and form ng an el ectrode
structure associated with the integrated circuit, wherein formng the

el ectrode structure includes: formng a first |ayer of netallization;
forming a dielectric | aﬁ%ﬂaﬂﬂnét@uﬁlﬁogf@ée Fruciyrp dY p ehgmipalaschagietlng ng an
opening int i electr] . tJ : face of the
first |ayer ;glg%a?fr%‘?éhogl Ig%%?%%ﬁghla}lagsg?ﬁ%ﬁ&?ﬁgu%% %@'?t}llf{forrg%glrnstgid on the
exposed pordpeathgah tHehielseirit yer.of the first layer; forming a second |ayer
of netallization on the binding |ayer; annealing the electrode structure
to cause netallization fromthe second |layer to diffuse into the binding

| ayer and t I ovij h&%h 1 Petwe s Lidosior@ing: second | ayers of
metal lizati 87n2|;[') an%q%éﬂ&o 3?%1§€§f\éﬁPC'ld %%f)%’?»%fb %| anarizing the

el ect rode st ruct urrevibinga suhemitgal / nechani cal pl anari zati on process to form

i sol ated metallizati tructure formed.in.th ing inth
el oot ri ¢ 1 ayor oTBREARRERBGI Ha PR WaRF EORUOE B i e, compri si ng

providing a substgah®y ah@dtirbe dfciuid 2U6a4tedEweh fidihtegityanarchigdviyeih he
substrate; and formng an el ectrode structure associated with the

i ntegrated clormingtthe elperade strugtpierimdlgdashe el ectrode structure includes:
forming a first layer including one of tungsten, nickel and

polysilicon;

forming a dielectric layer on a surface of the first layer;

forming an opening in the dielectric layer to expose a portion of
the surface of the first layer;

forming a binding layer including a silicon dioxide on the
dielectric layer and on the exposed portion of the surface of the first layer;

a second layer including one of silver and nickel on the binding
layer;

annealing the electrode structure at a selected temperature for a
predetermined time period to control the chemisorption of silver or nickel into the
binding layer; and

planarizing the electrode structure to form a damascene silver

layer in the opening.

73. A method of making an electronic system, comprising:

forming a processor; and

forming a memory system coupled to the processor, wherein forming the
memory system includes:

forming an array of memory elements; and
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formng a first layer including one of tungsten, nickel and polysilicon;
formng a dielectric layer on a surface of the first layer; formng an
openi ng iwotohesiel ectric |ayer to expose a portion of treTdisot/amweo of the
first layer; formng a binding |layer including a silicon dioxide on the
dielectric layer and on the exposed portion of the surface of the first

| ayer; a second |ayer including one of silver and nickel on the binding

| ayer; annealing the el efbbfidge mémogiodl asatiatedsatieaick thenipekeatntye for a
predeterm ned tine period to contrql. the chem sorption of silver or nickel
into the bi MaeHE foaypare caghmepophes!l BFlHEest he el ectrode structure to forma

damascene silver layer in foﬂﬁing%??isﬂgyer%@corﬁu%et}ﬂgter%l' maki ng an

el ectroni c system conprising: m ng a processor; and form ng a nenory
system coupl ed to t he processning awtieedtinlafyeron agurfabeof the fist yaysy st em

i ncludes: formng an arrayntgf menory el erregt a; and = 47 WD 03/ 052815
PCT/ US02/ 37020 forning a nQHBig 28 QPpuing Wibe 4ielsq g [ayer dQePosetBI{oR| enent ,

wher ei n f or MypgheRaERSBIMY ffrsCBldr; | ncludes: forming a first layer of
conductive material; formng a dielectric |ayer on a surface of the first

layer; forning an opening forminge tiidinglayer an thadistectris laygyeséomthgor ti on  of
e i APl YA AR A 1010 [ ever on Lhe, el ectric
forming a second layer of conductive material on the binding
layer;
forming a layer of doped chalcogenide material on the second
layer of conductive material; and
forming a third layer of conductive material on the layer of

doped chalcogenide material.

74. A method of making an electronic system, comprising:
forming a processor; and
forming a memory system coupled to the processor, wherein forming the
memory system includes:
forming an array of memory elements; and
forming a memory cell associated with each memory element,
wherein forming each memory cell includes:
forming a first layer of conductive material;
forming a dielectric layer on a surface of the first layer;
forming an opening in the dielectric layer to expose a portion
of the surface of the first layer;
forming a binding layer on the dielectric layer and on the
exposed portion of the surface of the first layer;
forming a second layer of conductive material on the binding

layer;
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formng a second | ayer of conductive material on the binding |[ayer;
formng a | ayer of doped chal cogenide naterial on the second |ayer of
conduct i vwomawsasial ; and formng a third |ayer of conduct ipea/usat/gmoe@l on
the | ayer of doped chal cogenide material. 74. A nmethod of naking an

el ectronic system conprising: formng a processor; and formng a nenory
system coupl ed to the processor, wherein formng the nenory system

includes: formng an array @émfiRi®layersdfgaRidndim s¢lehifilOmaicnigl ¢ tiessoyd cel |
associ ated with each nmenory el enment, wherein formng each nenory cell

i ncludes: forlays@f gonduedye malperl of conductive material; forning a
dielectric layer on a S”rfa‘f&nﬁxfégéﬁﬁdﬁé e?Bf#o%%iﬁéetive rﬁ#ﬂéﬁglﬁﬂlﬂiﬂe{’iﬁ}é&ﬁ' ng in

the dielectric |ayer to expose portion o surface o Irst
| ayer; form ngndudiivadciateridl;aandr on the dielectric |layer and on the exposed

portion of the surface of the fjrst layer; formng a second | a) of
conductive material on the BWW&I‘%&WF%%‘Q’YC?&O\F@”@#E? ‘2’8‘1’8’1}5@1‘%%?/ 37020
forming a I auge il 19, FRGIHER R6) ﬁ‘?'}%’%f IBBhhfhmQRlehiye, second layer of

conductive material ;" formng at ayer of conductive material on the

| ayer of conductive material; and annealing the mermory cell to cause
Sgpg;ﬁ;[ Iu\r/nes g?}eiﬁ: Ida_ mfegh(%)%1 oftxrpa?{ix}ghalnre?ecltr%}ﬁ% rsy;[tgm,dclofn]lcp%ssglgl: nto the layer of
forming a processor; and
forming a memory system coupled to the processor and including a plurality
of memory cells, wherein forming the memory system:
forming an array of memory elements arranged in rows and
columns;
forming a plurality of address lines each coupled to one of a row
or a column of memory elements; and
forming a plurality of data lines each coupled to one of arow or a
column of memory elements, wherein forming each memory element includes:
forming a transistor including a gate terminal coupled to one
of the plurality of address lines and a source/drain terminal coupled to one of the
plurality of data lines; and
forming a memory cell coupled to another source/drain
terminal of the transistor, wherein forming the memory cell includes:
forming a first layer of conductive material;
forming a dielectric layer on a surface of the first layer;
forming an opening in the dielectric layer to expose a portion
of the surface of the first layer;
forming a binding layer on the dielectric layer and on the
exposed portion of the surface of the first layer;
forming a second layer of conductive material on the binding

layer;
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75. A nethod of nmaking an electronic system conprising: formng a
processor; and formng a nenory system coupled to the processor and

i ncl udi ngwe oplosasas ity of menory cells, wherein form ng tReTESD8YW26YSt em
formng an array of nenory elenents arranged in rows and colums; formng
a plurality of address |ines each coupled to one of a row or a colum of
menory el enents; and forming a plurality of data |ines each coupled to one
of a rowor a colum of menory el ements, wherein form ng each menory

el enent includes: form ng farming adayst of dapad Phal¢aggnige Q@{@ai@fﬂhﬁﬁaqonéoupl ed
to one of thﬁ'gl raIulV dg[%sg | i nes and a source/drain term nal
coupled to o &VIoY SPRE ?Wa y "5f data lines; and formng a nenory cell
coupl ed to anot her source/ dbhifg attlﬁfdﬂlzi?e’ﬂof@éndubﬁvdmaﬂaﬁal&‘dlﬂhe laghvesfei n
form ng the nennrg cell includes: formng a first |ayer of conductive
material ; fofHeAghalcegeaidsenaiedf ayer on a surface of the first |ayer;
formng an opening in the dielectric |ayer to expose a portion of the
surface of the first layer; formng a binding |ayer on the dielectric |ayer
and on the ®xpos&dndgihsd ofanalifig tnelegtomiceystent, corhprifing:st | ayer; formng a
second | ayer of conductive material on the binding |ayer; 49 WO 03/052815
PCT/ US02/ 37020 f@F’Hi%ga%fo?eé%r Qﬂifa doped chal cogeni de material on the

second |ayer of ﬂi#;at Ihé'xﬁo?sé@{ehlaéoupl%@ & fne %mc@&o@aﬂd}hEHdin@é@lurQﬁty

conductive materi a r of doped chal cogeni de materi al
of memory cells, wherein fonmng the memory system:

forming an array of memory elements arranged in rows and columns;
forming a plurality of address lines each coupled to one of a row or a column
of memory elements; and
forming a plurality of data lines each coupled to one of a row or a column of
memory elements, wherein forming each memory element includes:
forming a transistor including a gate terminal coupled to one of the
plurality of address lines and a source/drain terminal coupled to one of the plurality
of data lines; and
forming a memory cell coupled to another source/drain terminal of
the transistor, wherein forming the memory cell includes:
forming a first layer of conductive material;
forming a dielectric layer on a surface of the first layer;
forming an opening in the dielectric layer to expose a portion
of the surface of the first layer;
forming a binding layer on the dielectric layer and on the
exposed portion of the surface of the first layer;
forming a second layer of conductive material on the binding
layer;
" forming a layer of doped chalcogenide material on the second

layer of conductive material; and
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76. A nethod of nmaking an electronic system conprising: formng a
processor; and formng a nenory system coupled to the processor and

i ncludi ngwe oplosasas ity of menory cells, wherein form ng tReTMHSDEYW26YSt em
formng an array of nenory elenents arranged in rows and colums; formng
a plurality of address |ines each coupled to one of a row or a colum of
menory el enments; and formng a plurality of data |ines each coupled to one
of a rowor a colum of nenory elenments, wherein form ng each nenory

el enent includes: formng a?ﬁﬁﬁp%kﬁﬁ@ﬁw&ﬂ>kgﬁhﬁﬁv@mﬁﬁhﬁxkﬂﬁghﬂﬁh coupled to
one of the plurality of a dress 4'ines”dna “a source/drain term nal coupl ed
to one of theyplsfchhicb¥eniddmstatial. | i nes; and formng a menory cell coupl ed
to anot her source/drain termnal of the transistor, wherein formng the
menory cell includes: formng a first |ayer of conductive material; formng
a dielectric |layer on a surface of the first layer; formng an opening in
the dielectric |layer to expose a portion of the surface of the first

| ayer; formng a binding layer on the dielectric layer and on the exposed
portion of the surface of the first layer; formng a second | ayer of
conductive material on the binding l|ayer; formng a | ayer of doped

chal cogeni de material on the second |ayer of conductive material; and 50
WO 03/ 052815 PCT/ US02/ 37020 formng a third | ayer of conductive nateri al
on the doped |ayer of chal cogenide nmaterial. 51
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