15 May 2006 1 ELECTRODE STRUCTURE FOR USE IN AN | NTEGRATED CIRCUI T Field
of the Invention 5 The present invention relates generally to sem conductor
chips and integrated circuits, and nore particularly to an el ectrode
structure for use in integrated circuits, such as el ecﬁM@W@OQ%terrs,
menory systens and the |ike. Background of the Invention 10 In fabricating
integrated circuits, sem conductor chips and the |ike, chem cal/nmechani cal
pl anari zati on can be used as an intermedi ate operation to planarize a
structure to provide a uniform |evel surface for subsequent processing
operations in the manufacturing of a sem conductor chip or integrated
circuit. For exanple ' ' tween different

| ayers of conductive ml%ﬁRQ%W$m@gan be fornmed by
depositing a first |ayer of RAL ba it ypically a netal,

al t hough a sem conductor material could be wused as well, and then
depositing a thin dielectric | ayegk@\_/&?hﬂhﬁmwst conductive layer. The
dielectric layer is _then patterne o format I east one opening in the

diel ectric | &yer toTesqsesset inveptipnireleses gsperaliydo sareoadecteschiptandst | r st conducti ve

layer. The 20 GReghedcifait, M\fordpsitalahy RsReftrdRiinenet rAeRtid to width. For
I nstance, the ogpenin can be about half a mcron w de but_only about 500

angst rons deep IRtpRTaL i guch g clegtrapieaystems, Memenofrstehind te like. A" second | ayer
of a different conductive material is then deposited on the dielectric

| ayer and in the opening on the first conductive layer to nake electrical

contact through the opening wi tBaskeraund ofthe Ioxendlon: j ve | ayer. The 25 second

conductive h@yer i SilfiiRatingMigeied Prdhs! aMicdhdbRF EtipsGnkl B dike,Or pl anari zed to
expose the dielectric layer and to forman isolated, el ectrode or damascene

contact st r ucthrmicalmeshapicy plaparizatiqnoppbesised A ap iptermedipts BPErR 1% n oper at i ons.
I'n renmoving t hglanfRe @ BkhchRekd Yedvidé @ uhifdtA! 1R siEhafdTiof slbbdqB&k protessitg Pr ocessi ng

or planarization (CW?), the forces created by can have a

( f he. C\VP %:foces
t endency to foP in thy e feryangstf 2 semicondygtorship o integrat H"'i“a)s}:& out of the
openi ng t her ebyxgd, Eledtodss dr BiecthN tatakts between different layers of conductive

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.



15 May 2006 Accordingly, for the reason stated above, and for other reasons
that will becone apparent upon readi ng and understandi ng the present
specification, there is a need for an el ectrode structure_and nethod of
fabrication that provides substantially inproved adhesioMayedifien a first

| ayer of conductive material and 5 second | ayer of a different conductive
material, particularly during a CVP operation, and that does not adversely
ef fect the conductivity between the two | ayers or create an electrical
barrier. There is also a need for a nethod of fabricating an el ectrode
structure that does not effect or danage ot her conponents that nay al ready

have been formed on tReccidifiBy, W6 thd rebn sbtbbad &d%tﬁehfb&oﬁpﬁfz

adversely effect the 10 manu acturln rocess requiring a S|gn|f|cant

nunber of add.t.orf’afmtﬁaaemuweadm dersmtpemﬂémcm@mwerme above

ment i oned probl enanwfarafa&bs&@@uaﬁrsmtmo@fasnéad&fr:ﬁaﬁ‘o@.éay 15 the
present invention @’Sd w | |, be understood by reading and studying the

foll owing specifif feptiglly improxed-aghraion betwesn g iy lay nductizp matedgl @ndsy st ens

are provided byst b&ond)lh?&@ﬂi differéRtbhdbrivic hbberi B Pdrfitular g @@ the adMES ieRGHET Ween
manuf act urj ng operations such as CW

di fferent conductltf ers ﬂgyrln

wi t hout the conduéf '\W% ely C“PQSPQF@“H&WQ”‘&H%F‘E%H‘WF'@&@M

Met hods of fabri cmele@nﬁl&mérS%@éﬁwsé@Mror&Mom&ﬁm aaR&RGE On t hat
do not adversely eff rﬁlf;er co onents that may have alread been forned

on a seni conduct oF“"ﬁ SA0b %M@H‘hﬂf@mﬁ?‘?&%mﬂmm Ve an
el ectrode struct ubanlfdrﬁiedld@&xeaamd‘w{f&'forhﬁhtﬁ{eﬁﬁ&ﬁ%%hd&@mﬂ?ﬁ@&nﬂé and a
dielectric laygr for ?c? on a su face of the first layer, An opening is
formed in the die ‘5’“539’8?33 6"85‘<‘B’6?s’e5‘%“ftf6?‘t“f‘ﬁh°’8f‘qdﬁ€“§8m§iffface of the
first layer. A bioptratignd. ayer is formed on the dielectric |ayer and on the
exposed portion of the surface of the first |layer and a second | ayer of
conductive nmaterial is fornmed on the conductlve bi nding layer. In
accordance with an enbodi nent of tSgmi f oG08 a nenory cel
i ncludes a first Iayer of conduct| ter di el ectric er formed
on a 30 surface of thedf vfmlenoEP@Fcy 'ﬁﬂa %Wmé@/el ectric
| ayer to exposé cthe present mventlonmdw:llbeunderstood 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 ¢lectrode 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, 2 memory cell,
includes a first layer of conductive matetial and a dielectric layer formed on a

30  surface of the first layer. An opening is formed in the diclectric layer to expose 2



2 15 May 2006 portion of the surface of the first layer. A binding layer is
formed on the dielectric |ayer and on the exposed portion of the surface
of the first layer and a second | ayer of conductive miian al iz formed on
the binding layer. A layer of doped chal cogeni de nateri Z99Pned on the
second | ayer of conductive material and a 5 third | ayer of conductive
material is forned on the | ayer of doped chal cogenide material. In
accordance with anot her enbodi nent of the present invention, a nethod of
maki ng an el ectrode, conprises: formng a first layer of conductive
material; formng a dielectric |layer on a surface of the first |ayer;
form ng an opening_l. di ' qrt of the
surface of the fi?%rt‘&] %ﬂ%ersqkq. or ?nlhgé&gi‘% n‘gx dm& ?aé(%;)gﬁedtoﬁe (fllgellﬁg@(?t ric
| ayer and on the bxtp@adam tho exposed porftwubfehmuﬁcaoéth@ﬁrstllamﬁndrasspcondhy@r, and
formng a second t ' Iayer. The
el ectrode struct ulr)fg%%guﬁ %eﬁgﬁﬁggﬁd%&w%mﬂ&l? d 'tﬁgaﬁ]%]eor?g ure for a
predet erm ned ti ¢halcpganide chatedalisnfesecdoo tivkisetond/ Bysraf eonduckived magerial ind asecond
| ayer to be difsf uged k JFR5HRY Ehaftd pon and
conductivity bet V\glgnla?ﬂ'g’qfél"rﬁg‘{@gmgecggggggglcaggﬁasa&| ve ayers&ﬁﬁn accordance
wi th anot her enbouatemabt of the present invention, a nethod of nmaking a
menory cell, conprise folefay l|:?¥ al ;
formng a d| el ectric a?ececr or?ggltgﬁrrro %’géem %ﬁtoﬁhgﬁp‘g Vgl%enylgn'g?&r ﬁ%ro%
opening in the 20°fma§1ns@nplp@roﬂayempmes &wpmseﬁsstl@mrpfmnd@nvm@mhrface of
the first |ayer, D& and on
iR DiciRothl 130 2 sl AKESE Rk e:dfo%ﬁﬁh? %p%mhgmﬁe

t he exposed portio the surtace o [ ayer second
| ayer of condu8t idlectrielayer ipiexpase o Restion of dhersurfica gfthe fitsayer forming ajbi

doped chal cogent dgye @ bidlectPlaldaSnd GERDEkpb Y Bt of YU lice b 81 o1 al; and

formng a third Iayer conducfive materi al he layer of doped

chal cogeni de 25 ﬁﬁféﬂ&mlnlhéﬂpwf@ﬁmmmvma’c@lhﬁ!l@!lsdw%éwcbe doped

by anneal i ng the J@RaQfe¥trudtit banltd aﬁéﬂ%@aﬁ%&l&@&%ﬂ&d&ﬁ&ﬁhaﬁé&ﬂﬁb& he third
| ayer to be chem sorbed into the chal cogenide l'ayer. These and ot her

embodi ment s, aspdiePenedipasa graductiveimptenal Gemdhaspcond ayer to be diffused into
15 the binding layer to improve adhesion and conductivity between the first and second

conductive layers.

In accordance with another embodiment of the present invention, 2 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  diclectric Iayer to expose a portion of the surface of the first layer; forming a binding
layer on the dielectric [ayer 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 chaicogenide 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



present invention will be set forth in part in the description which
follows, and in 30 part wll becone apparent to those skilled in the art
by reference to the following 3 15 May 2006 descri ption_ of tgﬁ)lnventlon
and referenced drawi ngs or by practice of the i nvent i on!> Mgy Qépects
advant ages, and features of the invention are realized and attai ned by
means of the instrunentalities, procedures, and conbinations particularly
pointed out in the appended clains. 5 Brief Description of the Drawings In
the drawi ngs, |like nunerals describe substantially simlar conponents

t hroughout the several views. Like nunerals having different letter

suffixes or pri rrestsé u)m bERE §S&HRbn ﬂidfréfere&ai d@&ﬁ?ﬂér%?%&%n&fofﬁiélﬂﬁmh' ally
simlar conponents, igures A-ICillustrate erations |nformng

an el ectrode for u?%’ﬁSPF°§n“dVPIH%Sé§P%ﬁféﬁ“feﬁqfé\ﬁl“t“ﬁ“wnmm*WPWI ¥he
present inventi on. meingtf @8 indthunidntalilidd SirécRiiBes! H8 cORBRAIhPPSidulbrll ?519&09 a

programabl e mem)ra/ cell in accordance with an enbodi ment of the pr esent
i nvention. Fi gur es®jitaeappendsdclaimse t he operations in forming a
programuabl e megory 15 cell in accordance with anot her enbodi nent of the

present invention. Figure 4 is a schematlc d| agram of a menory system
i ncorporating a programable nme Rrief Dess SorgdMe Wwth the present

invention. Figure 5 I Slﬁmkeﬁwmgsmeﬁun&dwde%bwubmfﬁhﬂm%ﬁb&ieﬂ& ng
sem conduct or dies gl accordance with an enbodi nent of the present

i nvention. 20 Fi gUfreughopttheseyeral Miews. Liks ppmecalghaving diffegmmt lettersplixesior npqul e i n
accordance with qmnfwtmr;lkmantefﬁe&h&ca&ﬁmmfsmmammmfb%&m& is a

bl ock scherratl d| agrag) i'\ gﬁtnﬁ ﬁ-a dul e i n accordance gt\gﬁth an

enbodi ment of the pres ddfillysirate e gpgrations ip Jorqung a5 lec é‘ﬁ‘&fﬁ'&mﬂl agr am
of an el ectromc ﬁmsgramclﬁuameme@m&aﬁemmmaﬁmr enbodi nent the

F;ezgggrhg\éggt ion. Fi glt_ue 92}\%& bl %%:Ifc sch%nn?}nlfg dlggl:r'rzgm of aﬁegggg&y system

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 10is a biock schematic diagram of a computer system in accordance
with an embodiment of the present invention.
30



wi th an enbodi nent of the present invention. Figure 10 is a block schematic
di agram of a conputer systemin accordance wth an enbodi nent of the
present invention. 30 4 15 May 2006 Description of the Enbodi ts In the
followi ng detail ed description of the preferred enbodi @%P@yﬁger ence is
made to the acconpanyi ng drawi ngs which forma part hereof, and in which is
shown by way of illustration specific enbodinents in which the invention
may be 5 practiced. These enbodi nents are described in sufficient detail to
enable those stilled in the art to practice the invention, and it is to be
understood that other enbodinents can be utilized and that process or
mechani cal changes may be nmade w thout departing fromthe scope of the
present invention. The terns waf &=RIRYeR LIAAPRPEMELEd in the fol | owing
dezcri ptign i ncl U?edarm&bq?mus@gﬂmmmh'_ ﬁonjd(igﬁ“tffdfﬁieubﬁbodlﬁﬁéd&,&&@cnbo be
under stood as includi.n i |icon-on-sapphire t.echpol pgy, ., .

i 11 con- on- i nsul atdPadE BARS e RIppHRBRE Vgt Y Feth A partheceet aash i

t echnol ogyio dopedslﬁwl%lby!&(i?ﬁgiﬁiuﬁﬁﬁ&mmlh?bﬁmetﬂﬁhtmmaﬂlq iheifdnamayfbea silicon
supported by a pase sem._conductor, as we s other semiconduct or support
structures well kﬂﬁﬁm#ﬁoﬁﬁﬁe""g’ﬂgmﬁﬁﬂf festabs H‘rsPHg’lﬁﬁtrqiﬁE'W < Wifen
reference is 15 nﬂdl&dﬁmmaammf[ﬁicﬁed’thsinbﬁzﬁéraw iiilatdﬂfegmﬂah?@!\/ﬂmgthdescri ption,
previ ous process rations, may. hav een utilize o form

g ons j et + ons el L n e R ot ot Phabser ey P ng
detai | ed descri pt without departihg frerh thre@sopa of thée predast investican Theiteemd wafertandig sense,
and the scope of resent. inventipn.is defined . only b t he appended
clai m. 20 The.t SR SRER e e Rt o 5 aibnast o

bi pol ar junctili®n sttuctgienBlothgye tp B EdersfobdbsdnahidingGilictreasapplog(SQHET) , or

| t t.ali- 0x] des. ] . . | .
ot Bl - ox1 do- Sem caBaRs FurRE AR Rl AR SRTED ¢ oot node
(drain) and a secteshdolngyddoged and wnelpped Sermicomductors)/efitakiaHlapsrsdfanilican t ypi cal ly a
symmetri cal devi Cs%ppo%b)ubjﬁe gegﬁéoqm{c}r,%wgﬁ asoﬁ% sre%:?c:onductor 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 isecond 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
altemnatively 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



25 and "drain" is only possible once voltage is inpressed on the term nals.
The designations of source and drain herein should be interpreted,
therefore, in the broadest sense. It should al so be noéﬁﬁgth%%gg P- channe
MOS transistor could alternatively be used for an N-ch f transi stor
and vice versa with the polarity of the associated gate voltages nerely
bei ng reversed. For exanple, 30 applying a negative gate voltage in the
situation of a P-channel MOS transistor to 5 15 May 2006 activate the
transi stor and reversing the polarity to apply a positive gate voltage to
activate an N-channel transistor if an N-channel MOS transistor is

subst | Lt ed fOr 2 self i ARliab LA e BLBMS Shobdrabbuid ot of he

operations in formn e str I'n accordance with the
present invention acﬂvntcﬁngltnhenﬂcmranaﬁmlfytmcml M@ trapsistog is sehstiied O Amt er i al

i s deposited or ferapd. Jhgbirst layer 102 of conductive nmaterial can be
tungsten, nickel or a sem conductor material. A dielectric layer 104 is
formed on the first cdrigues A-C illusteate thooperatiprs ieifoaniag en plectodespcs A0 an be a
nitride, = such ﬁsmsdcl‘,dr&&@cmtﬁﬁmk ﬁséﬁfrn@enﬁbz{nﬂlﬁguﬁ'lﬁhﬁfﬁfsﬂa i grial. The
dielectric layer 104 1s 10 patterned by standard photoli raphi c

techni ques or  t heconduative saiegiphis dapositediernfommed. Thnfuviilavgr 3w ! F?‘i‘g%‘h t he

dielectric layer ?ngénﬁl(&ax?%&teﬁ, @&EFerQerﬂEonﬁchHa%@l M@ eiedtric lkje 164 1 St
conductive |ayer 102. The openin can _have a width "W or_ a dianeter

that is significalftfpiped gp Q\Qrﬁf‘t‘ﬁ “‘ﬁ“’ﬁl@fﬁ"ﬂoz DhedislestrisJvgel 04 camhaanigipect

ratio; however, LRgad s'?l\(&ﬂrrﬁtﬁ’& dra siffar ditifuicatatél, StHeldicheRR Myer Wl iOS. A
| ayer 110 of oxide is formed on 15 the djelectric |ayer 104 and on the

surface 108 of % h@tW%PYW?W@?W*MQ“W%‘M péem st aey can be

a silicon oxide dgpahkheslnk Eh@diefé% errlﬁﬁ&tdxﬁﬁle%o:ﬁon@ﬁa%ﬂicwosofSUCh as
tetraethyl orthosilicate (TE or the [ike. The OXI de I a 110 can have

a thickness bet webf ‘&bﬁﬂi‘f‘“%‘ EM@'S‘P? oFhS ORFRINE9B Gan hatsey ?féd‘aﬂ(“‘ “Cecond

llayer 112 of . condaasttwgmmwlaaé«mm?m %&h&mﬂmﬂmo,mmhe 20
second | ayer 112 of ,conducgtive ter can pe |Ive{

i ckel not her
netal or conduct? Qé‘vﬁﬁ’t"él‘ﬁ'&thﬂﬁﬁ’t“’é BRCH UGS IHQPB’S{ °déf°|"ﬁ§7€9" 1 10
and bond to thg okk dielectria}agér 104 @nd on the surface 108 of the first conductive layer 102. The

oxide layer 110 can be a silicon oxide deposited by the thermal reaction of 2
precursor, such as tetracthyl orthosilicate (TEQS) 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 diffusc 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



In Figure 1 B, the electrode structure 100B is annealed in an inert anbient
environnent at a selected tenperature for a predetermned tinme period. The
inert 25 anbient environment can be nitrogen, argon or sQne ﬁﬁ er gas that
is non-reactive to the materials formng the el ectrode do Mt 100. For
an oxide layer 110 of TEGOS and a second conductive |ayer 112 of silver,
anneal i ng at about 350 Celsius for about ten m nutes provides the proper
anount of diffusion or chem sorption of silver nolecules into the TECS to
make the oxide layer 110 at | east sem conductive 30 so as to not create an

electrical barrier between the first and second condugtive 6 .15 My 2006
“layers 102 and 11123.’“511‘?%”5& lae%PW@FH”ﬁ'BqP?%ﬁﬁ%?réf?fﬁyg%@%?@ﬁ“g%%ivn 0 a
conductive or atatl@dsdmicaaictiorsintisg l¥yer DIONs) thganheaing opbiblion. UEhetleatradmneal i ng
operation. The electro structure 100B can be anneal t eratures as
| ow as about 130 %?tE’Fg@Bo?mL?%’Bfﬁ@éﬁtﬁ@?ﬁftﬁ’%‘fﬁ?\%e@@g‘é‘ft?g?#glsfu?Prrrlg period to
achi eve the propeaborh @uptraffe; Fowelhe thswnPpdriotoattitve tie prapehlevedbofjer t her eby
i ncreasing the_amunt of ti. overall for .the. uf act urgd S.
According to tfhe PFR: °"i‘ﬂ€§°rﬁ"i’°§ﬁ?“gf’ﬁ£"%§'ﬁ ﬁ%&ﬁ'@e ?‘"é"r?ﬂ&ejéééftp‘% roggrgﬁ§§ti e
peri od can be adjthshilfatwringpibcess] Acdvedingtb eheprlend msentipn,dlie anoéafifgisi on or
chem sorption of nol ecul es of the conducti i I fromthe
second | ayer 112 ‘f%@ﬁ%iﬁs“%‘a&‘ﬂ%a% “Lli&ﬁtf: X%ﬁ%ﬁ%@a%%& aﬁg&nrgétr.ature and
time 10 period afiffusiah sochemiserptionchf vietebulesmf thie dendattive matsfialor metal wmponent s

and subsequent  prOcegsl0g 19} GRS, S0iA%P RO ARKERSPlohpELbRShe fhe dammge

ot her conponents al'r eady or med on a wa sem conduct or
die or that woul gericelss disoiselectaiduithtconsidetatipn efothestomponspisrand subsequenhat woul d

i ncrease the cost _and tine nuf A ﬁgﬂ}' 9@9 eftdih B naveo | N
Figure 1C, the elPEC ?%ﬁsetepsstsgr’%c g&ég‘(’:cgs%b%é 6?3na'r é;e to gr m an iasol at ed
el ectrode str uct aredpbeed formederrevdfene senfidoadustod dieor thetrwould resaltén  or nore

T ot 2 e o BT O A

pl anari zati on of ure can be acconplished by a
cheni cal / nechani aahufgdtanasdmiconduster ¢iQpP) process or the like. |In accordance

R e
electrode structure or damascene layer 114 and to form a level or more uniform
surface 116 for subsequent processing operations. The planarization of the elecirode
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 2 memory system, such as a programmable 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 canbe a
semiconductor or polysilicon material. A layer 204 of diclectric material is formed

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



| ayers 102 and 112 to prevent the forces created by the CWP process from
forcing or warping out the damascene |ayer 114. In Figures 2A-2D, the
process operations are shown to forma programmable nenpry o
metal | ization cell structure 200 in accordance with an éﬁﬁ%ﬂﬁé%%ﬁ of the
25 present invention that can be used in a nenory system such as a
programmabl e cell random access nenory (PCRAM device or the like. In
Figure 2A, a first conductive layer 202 is forned. The first conductive

| ayer 202 can be a netal, such as tungsten, nickel or the like, or the
first conductive |ayer 202 can be a sem conductor or polysilicon material.

A layer 204 of di edxempleisiicdtFiteiaé &a sinfilat QiE16aRGE. Se ARIcEtO lalér202 iseelatively i ve
| ayer 202. The dielectrjc layer 204 can he a nitride, for ‘If\/l?y 2006

. 7. 15
exanpl e silicon niReftmed fystagdard photolithograplicteshinjaues o fimilg; aaterial 1omeval gy o1 204
is selectively patdhfiqido Rym St RRdtaic@paipi206 inltROBa&BI I8yet P04HAH BLEXBosOT

simlar material renoval . technj qu o form.at, | east _.one openi 206 in
the dielectric Iaﬁ%d’féﬂﬂfaﬁ)&ogfgééémcén P‘fﬁlﬁ‘ﬁrgq%' 5%8 Egb% of the
first conductive |mayeddepBAimension OPehbtiOmidBGmaiR than Baidth dimdasgin*WiteeNSi on
"D'" that is much sppller than a w dt.h di ne to, define a snall

aspect ratio of d&FTFF ATPANAREH ratp el drRe Pﬂ“ﬂ% In‘lohrér’ﬂ)‘ﬂ\%{?@r howeyer, j5B9t88 | mi t ed.
A layer 210 of oxilittited SAfrE0 oo oxiddie fofthed cacia dictectrit\igjer Xd4ndoigthen t he
expoSe U 20C, POULLOTEE b Tl SORHED 2 25 e SRR g
thi ckness bet ween cabigei silitdn 3ioxid &l JFHelonid® lagdrd | (baa hive kQRiciargtietwesrsaboit S9econd
| LeT 212 07 OBt e T 6Ld A ok B3RS R0 Sk SR T 1
silver, nickel, pdbredbn thenxide lapd DB and aiitieiGpehig 2062t The s&bnd dohductivedayer
G e} 02 8ol SR, AR NG o8 SRl oo
500 15 angstrons depisdiffusiblelifoan atidend pitisebcradhesion teatoxides Tief setdné  nenory
cell PLIVE U 20l S G WS S OB BRI | .,
i nert anbi ent &hveagtnereadeperslinglupon other parameters or features of the memory ceil structure

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 TEQS 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



as nitrogen, argon or sone other gas that is non-reactive to the materials
formng the 20 cell structure 200. As an exanple, for an oxide |ayer 210 of
TECS and a second conductive |ayer 212 of silver, annealing %$ about 350
Cel sius for about 10 minutes provides the appropriate I&M# #1006 ffusion
or chem sorption of silver nolecules into the TECS oxide |ayer 210 to nake
the oxide | ayer 210 at | east sem conductive so as to not create an

el ectrical barrier between the first and second conductive |ayers 202 25
and 212. The oxide |ayer 210 beconmes a conductive or sem conductive binding
| ayer 210" as a result of the annealing operation and provi des stronger
adhesi on betmee first gggseco L ve 12 as a

result of the J'ﬁsﬁg}t"pﬁ"% B et I° f mﬁf’rpb?l%‘%ﬁwﬁ%t ure ‘é‘%o during
subsequent manuf axﬁituﬁalﬁgmtbmﬁdﬁﬁbmﬂsctﬁeltalycraﬁ {nhdvke oxidedayer 0 and tdialsary ski | |

Lhe anneal ing t enBErSTBPER in pRRER e FESenES BTt el . o “cont r o

the rate and anow&hudbhdubl‘beatholmmiseafmédxﬁxdwmfcmdummdmenaldmgm erial from

t he second conguctive | ayer I pt o 0X{ {SO

control the ingacat““ 5P v?sii ?’%%Escu??ﬁg&#@ﬁ%}@ée\?%{}gg%@% he waf er

or sem conduct orconfactr u&fawmmm-lﬁst ahidfstognd omdetivelayei R iand212at er i al

during the 5 anneal i “an"ocgg dlaterrISIJoef%#(' dol ecg\%ggﬁlgtﬁ]a\fﬁ QrRdlod@e byer 210
t" 0 ac etween ff

defi nes an, el ectri cal nt er Irst and second
conduct i ve' | ayer sh@@omdrdndittve ldyer AR god ia tk@pening 20pe Tholayer 314 ofhal cogeni de

The: openi g 206, R fls ferilian ROFrABRANEGABRUES il ls i ® 210 11

ger mani um sel dfi deon¢e@ratide of germatien end-X és ﬁih@nmtrﬂm@émm)r &engf  ger mani um
A b e SRR do AR 1o YR i of tle bl im SR B BilensiEO T 1 N0 O

t he teachi ngs of € present vent oncentration ratio of
ger mani umto sel eatichd geamenive th etlenidssambrchetweebatoat 158§ apbdbgut 496066, A third

e o001 aSon il et 20 Flohdllotitenal il 8 forfilt ol Y 214 Théuirde L1 ¥

conductive | ayer e a netal suc as silver,” nick or anot her netal
that is 15 diff usihdugtierieysr Al Gsian beouetsisuch asailver, nigkel Omww it i s doped

by anneal | ng 4he R HoGthhicophibthbbf 2RtaycP2 93 RFed B dhealiiy onduct | ve
material from hetnlrof _ ' )
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 ultra 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 fike. A fourth layer 220 of
conductive material can be formed on the planarized surface 218 and in electrical
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



| ayer 216 to diffuse into the chal cogenide |ayer 214 to a selected
concentration. The annealing process can be ultra violet annealing or a
sim lar annealing process. The annealing process also i oves adhesi on
between the third conductive |layer 216 20 and the chal c ng’lﬂyd@ |5ayer 214
resulting in a highly adhesive cell structure 200C that can withstand the
forces or pressures applied by subsequent manufacturing operations such as
CWP. In Figure 2D, the cell structure 200D is planarized to form an

i solated cell structure 200D or third | ayer contact or damascene | ayer
216' and to provide a level 25 or nore uniformsurface 218 for subsequent
processing operations. The cell structure 200D can be planarized by CWP or
the |ike. A fourtmdisaylstanﬁeﬂﬁ'dmﬁ'usehowdhmxldoéﬂmﬁlﬂémlEiIPS@ahallbéz3®FlﬁéH‘°on t he
planarized surfacg g d M s%ﬁ%r%llsolﬁlgﬁlfnatﬁéleCMC 1?:%&1?:(1%%5& dnyer
contact 216'. The conductive na or netallization t he seconhd | ayer
212 formed on 3@esidusl nedtallizatibd en thogideyfalls 228 2nghién fourh [age of eandesiiveri ni mi zed by
the deposition Plagesrd ehd.iN na90Ru RSS! ARk te NP bbfbni L0 L he
oxi de | ayer 210 on e si dewa durlng anneal ing process. In this
manner, no i sof a@n@bpf%'cﬂulf@l@dimﬂoﬂ%fon red bet ween any resi dual

metal |ization on the deved Rigraffmabe Ridkeh) Ve

mat eri al 220 t hat vvou!]sig neceggfltgg%é&ggaée%?g%gmmméggs stepsgaftefylthe CwP
operation 5 andCdb?@n@aqch@aﬁcemﬂihﬂqﬂwefﬂbﬁﬂm$@fpth'cﬂf?ﬁé'ﬂm"ﬂ“@’&r’-‘@& fogps 3E

illustrate the 09?&%@9&51&0{,96&1md&uwaaeramm@mmmmmmmsosoo in
accordance w th anot her enbodi nent of the present invention that forns a

reentrant profi| éetopeningp derdidleshisdeyer. \,IEFWﬁlFéIAP afirst opdet R IpeR g 20h t he

sideval I's of 4 h?orﬁ@@”fﬁl@irét@oﬁdﬂ&v@h?&%ﬁ&n%lawsucﬁﬂs téhﬁhw?cé! o first
conductive layer 302 is 10 forned he first conductive la er 2 can be a

metal such as t uthgdike r a pamirqnductesmataniglor pplygilicop, Afirst dislesign mat eri al

or polysilicon. fafilgchb efth Bl drined o Shirs3fductimMyE3 (2184 EE&lShdr ate is
formed on the first conductive |layer 302 and a second _di el ectric layer 306

havi ng a second Eieleptri lyer 308 W@W@H“Fﬁ@“ﬂ?@!‘“&“@’e@f Hecneaer 304, | n
accordance W th bthg RhRsRRkce WIHWE prBnt idveRioR] tbletétkR oPihe FilkEditledtsnd

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 2
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

10



15 layer 304 is faster than the etch rate of the second dielectric |ayer
306. Accordingly, in Figure 2B, when the first and second dielectric

| ayers 304 and 306 are selectively patterned to form an_opening 308, the
opening has a reentrant profile with sidewalls 310 thaﬂSQﬁaﬂ%xgack as the
openi ng 308 extends down to expose the first conductive I|ayer 302. A |ayer
312 of oxide is formed on the second dielectric |layer 306 and on 20 an
exposed surface portion 314 of the first conductive |ayer 302 in the
opening 308. The oxide layer 312 can be a silicon oxide. A second |ayer
316 of conductive material is forned on the oxide |ayer 312. The second

conductive | ayer 316 can be silver, nickel or t her conductiv terial
or metal that is APFYEFEPIGRYEN, RIPSESSHIG OBKRLPRS S“C‘Bg‘c@ggémﬂre‘?ﬂ‘ég:ﬁﬁgﬁé’atﬁ?
profile of the opeRiefithg3Bperdulieamiammitan bidfsted ioontodthe emdibo25 and oxi de

| ayer 312 cannot formon the sidewal]s. 310 of, the gpenjn 08. 1n Figure
3C, the cell struflHemios ?‘%mé?lﬁ%é{lc%'&“’ég‘ “&’@gﬁyé"cﬁgdm{ tg%ﬁ%pgtpﬁmactf or a
predet er mi ned ti Mén péd cOfhpbients atidericesrdlraddly ifsttd amnthowaferu dentitdndectanalipr i al
from the second conduyctjve | r di ff.use into .the. oxi,de.layer 312
to forma conductive Bhﬁ’}rﬁ?&%iﬂ)’&fﬁj‘giif?‘?l“"ﬁﬁ'éﬂ%@ﬁamﬁ??}ésfBF"h F%S“Péyer 312'
provi des el ectri céle sedndntiative Ay 3 BEling i thelopfering A8 Thialyéridi&ef and second
conductive layers 302 an 16 10.15 2006 dyri. subseguent. . pr ocessi ng
operations such a@’%@ﬁm‘ﬁs&“ﬁ?ﬁj}ﬂb%gﬂ‘\%%ém&é ?’“‘{Lﬁgﬁgﬁﬁnggﬁr? négq{“errper ature
and tinme can be acjnuaitretior of gerdmahinmland hX i contentritionaifi saidnide). pAsi on of net al
nol ecul es into the axide,layer 312.and.t ontr t he . cl n ot her
conmponent s or devF'E'é'gusg?T%%ﬁif%crgf’%“&q%ﬁegﬁc}n\ﬁéfg‘be%rfsegtelﬁn?eg%on tllj'gtor chip. 5
In Figure 3D, ® | eoneent:3tidh retio afigedmanigmrte stéenigk amcebetveen ahbutil§/8§ andpbehton t he

on the second co t) I 6. _and in the. nj e ayer 318
of chal cogeni de gﬁ%@éﬁ?&%ﬁ%ﬁzoggﬁ’@% l"g'fenrmr%‘xi'a" |15m&§‘5#£r%’1gg9?&%<}g‘é+. X, where
X is the concent thixd canducsive {pyendd B canmrheamubtal sush assilvérenickehar enathen mistal thas f
selenide). As preyj c di N RS t he
present inventi onl‘,gdf@gi%%ydmgSﬁ%g%ggﬁa#ci%ﬁ&%ﬁhgga%%ééegﬁﬁ%ﬁﬁkt 0 s_glgé:ni de can
be between about 1b&h@F celheruetsm 0D 40766 mefal orvondictwymateri@Piomothe hgdduct i ve
o oAy %20 ARy il 2 i Wiks GAUGHEE B30 con e

and 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

Li



Is diffusible into a chal cogenide material. The |ayer 318 is doped by
annealing the nenory cell structure 300D to cause netal or conductive
material fromthe third 15 layer 320 to diffuse into the chal cogeni de | ayer
318 to bond the two | ayers together and provide betterlédﬁét?gﬂi In Figure
3E, the cell structure 300E is planarized to forman isol ated cel

structure 300E including an isolated third | ayer contact or electrode 320'.
The planarization also provides a |level, nore uniformsurface 322 for
subsequent 20 processing operations. The cell structure 300E can be

pl anarized by CWP or the Ilike. A fourth |layer 324 of conductive materi al

can be formed on bfe ALARRELTESkccbUld 38Padd6: aNd sk el call Swntitact i th
e

the third | ayer ectrode or contact 3 . I'n operatjon, H%e ﬁ,rograrmabl e
memory cell 200 obas B@D bizsedhysgplmme sufficient yaliegs tp formthesiindre 250817 He

programmed by appjgyq kAke i cMPI0h REEnaA A6 BSEn Bidded andTs ih i ofen | ayer or
el ect rode 302 andio}/ eglf‘ﬂffg}ew%e c '

e t | ayer el ectrode 320" that hﬁm S‘%E)LI ci ent
vol tage level to an@lswlaahrelhé!?MP@h@%G‘%Prd@é'ﬁc&Rf??Wﬂ fe oW Be formed
bet ween the e'ﬁ%gﬁ&%@g?’@@ha@i‘ﬂdbh&nﬁﬁ@&ﬂﬂitﬁmwﬁbmwwﬁﬁ 13ddenwhi ch is

el ectrically connec to the first |ayer el ectrodle 302 b% t he gonduct I ve
bi ndi ng | ayer 312mprogawedssoneneclbiPiceygurirele 985k Tos%ealomBE  with a

metal or conduct ] ' it Wllagdisin Bi dpyRid to tHR@leveddes 3P’ maBEar t he
dendrite 326 (226*}?3”%};5{#%5%%?3&&33 el A1 15 N
I

0 be formed 11 15 May.2006 to._.shgrt

circuit the two eheesll @scaeszeufﬁalﬁ%fcm!‘°ﬁﬂ‘§%‘éﬁii§‘f° ﬁégg‘c?fﬂ%mé"@feu 300
that has been bifpgfa Ryh ARRRIdeI6ieDYy tistrGdtioNbS tiodehage 326orfcondmtivae dendrite
326 is about 10,000 ohis. The resistance of a cell 300 that has not been

bi ased and is ¥n #®Bben condition is about 10 negohns. Accordingly, a
progranmed cell 300 t gjgihi£iba schemiildagaif dfdmeieyiedipporispeerh ¢00fimr m t he

dendrite 326 can represent a logic | and_an unprogra d.o cell 300
can represent a |%gfrdance withythe presentigvention, r§m°gééﬁgﬁm ,d‘é‘{e? ée)@%rglé

polarity voltage grafemds; Mtiknts2 tat dali Be Shafgl indes aRDidlurawdE@B ewmbry t he cel |
el (300 To a hitPmEARSRbERtet Gutngioh ek Havein BT ISAEE 7506 o
conductive 10 j¢l| eliRiéde 406 coupled to an address line 408 for controlling the operation of the
memory element 402, and each transistor 404 includes a 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,
¢.g. similar to the memory cells 200D (Figure 2D) and 300E (Figure 3E).
20 With reference to Figure 5, a semiconductor dic 510 can be produced from a
silicon wafer 500 that can contain a memory system similar to system 400 or an
electronic 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 typicaily contain a repeated pattern of such dies 510 containing the same
functionality. Die 510 can further contain additional circuitry to extead 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
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Figure 4 is a schematic diagramof a nmenory device or system 400 in
accordance with the present invention. The nenory system 400 i ncludes a
plurality of nenory elenments 402 that can be arranged in _rows _ and col unms.
Each nenory elenent 402 can include a transistor 404. Baday?¥fsistor 404
I ncludes a gate 15 el ectrode 406 coupled to an address |ine 408 for
controlling the operation of the nenory elenent 402, and each transistor
404 includes a first sourceldrain electrode 410 coupled to a data |ine 412
and a second source/drain electrode 414 coupled to a progranmabl e nenory
cell 416 according to the teachings of the present invention, e.g. simlar
to the nenory cel ihere6f) Rot ooy groddhg adeds BRIt Hirg off the AES 10 fROumikiteral
reference to Figure. 5, seniconducéor ie 510 can be produced from a
silicon wafer SOONﬁﬂﬁ?m@§W“@HH?§Wﬁ" ¢ ry systemsimlar to system 400 or
an el ectroni c syst emasghdvilinFiputetetwoay alorealies 610, tanding atiedsuone elt@fBic( Fi gur e

1E) or nenory cells 200D (Fi gure or 300E (Fi gur n dance
with the present, SFRGShTFBRY & Stﬂ?%&%%'“f’%'p%{ﬁmﬁ %ﬁ%ﬁ&gﬁgaﬁghcﬁl@'?ypi cally
rectangul ar, oB aorqueRRiy @11e200D dri3edE i acbaiane with the preseny inventjosrckmben a
specific function. A sem.conductor fer 500 . will typ|cal C ln a
repeated pattern ngﬁ‘gﬁ”‘ﬁﬁ%é‘“@i‘g“Bl\é\‘??“a‘i"ﬁf‘sr‘{‘& 'P%]\’Aea cﬁ%&&@ﬁ%&@? fooér%g ?%y. Die
510 can further ceamrktendthafdttddnalitabf aniindividuatdie $10. Eutwnmoduter 6)dcdn be@onpl ex

devices as a nonolithic prace rw.th L t] Lty D 10 is
typically package'ﬁ’“ﬁs’watéodgo f%?f‘f %r‘é?g@g; F%L'%éﬁg‘%i chgsv\L%)&r\?\ngﬁlhhMég Ef ‘g(;(s?endi ng
12 15 May 2006 t h¥i0eéntaining retsaséimstipnabitio \Souie mpmates eSscitcuit maduleddcui try of
the die 510 f uni,l at er al [ C ' [ As
shown in Fi guﬁé G'fwl WO ot mrgéulgféecg&g&%{mlﬁcl ugél)&ril’g’ts'act(8 eas%t&g%ae séctroni C
system or nmenory mystsenmedidestahditpplication-gpesific medules andvan ircludk multiriet®d st ruct ure

100C 5 or nenory_ael]. . ' d{‘éutn nt
i nvention, can bem@%ﬁ#)lﬁ r’@g%ﬁ‘h‘%‘gﬁﬂ‘%@&%d‘z‘?g?%c | \%ng‘s’dﬁr&l ,%?i nto a
circuit nodul e 6Clectraniesystams.suchns agletie atelavisionsanel phasaad Rerspnab ommyter.ndi vi dual

di e 510, Ciroui t Ryl 08 GAllulPsciro SN, 920kAh ll (S SCRIA rcRE SNt | g

a variety of functions, of a conbinatio " dies 510 containing the sane
functi onal i ty.15 Sc0@ wilkkayp kesriety ofdeads 610 sxtendinsdbarefroggroviding unilateral or

bilateral communication and control.

Figure 7 shows one embodiment of a circuit module as 2 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 gencrally 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 [/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
controlter (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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10 include nmenory nodul es, device drivers, power nodul es, conmmunication
nodens, processor nodul es and application-specific nodul es and can incl ude
multi-layer, rmulti-chip nmodules. G rcuit nodul e 600 caq ﬁﬁ a (ﬁ-conponent
of a variety of electronic systens, such as a clock, a P %W?@$ n, a cel
phone, a personal conputer, an autonobile, an industrial control system
an aircraft and others. GCrcuit nodule 15 600 will have a variety of |eads
610 extending therefromproviding unilateral or bilateral comunication
and control. Figure 7 shows one enbodinment of a circuit nodule as a nenory
nmodul e 700 containing circuitry for the nmenory system 400 including the

or csent i nvent | on o Bt (RNHPURB TR ARG dhr ek s ere i G | T e

Mermory Modul e (S| piposes and2teaot limitdd t6 ehe esitivhy shviyol il Kigur&T.MM) . A SI MM or DI MM

can generally be a printed circuit board (R e r .. cont ai ni ng
a series of nenory de\}illé"g%gs*‘%ia?élwé“@FWe&]@)c%ng%}%g%&%oﬁ %Q?‘JF:{I.‘ i ne set of
contacts or | eads moduléld dVasddséribRdateve dntiingdlie lovel demory systah4@iaié of t he
support with eagch t .repres L.ng_separ ' . y nodul e
700 cont ai ns tF%”%?d We@é@f’%&m% cehtégn da&%é%%r@supﬁé%@%’s, t he
nunber dependi ng Epetonidestele 800 gealerhliyccontaints iusanidtetfiwe 81® sUseeinferface 8pAiri ty.
Menory nodul e 700_can_cont ai nory. devi Swi .des of support
715. Menory nodul 8"‘"?'83 aa%%?@ygp’ggg“%"é'}rf?r%%ﬁngl gné@??%nﬁgﬁ&en%%?nal

control ler (not sbhimemitionnf the casuitst thelelectioniz 2PstameN0p Some ehagnpieo pf udert a i nput

and data 30 output_. o a li.n { The.. ' data |inks
730 are connect ed"ﬁ%kﬁ‘f‘"ﬂﬁﬁ%kf%gfrg‘a{’g%n%%g%gh}é%;?&8%%%e support
715. Leads 740l0ar pershaiwomfpwer; the nning idiah idisplpyimd speakersofa radies thedgnitidnyi t ed t o

t he positions sho L0 L. Fi 8 I (o) 7)! tem 800
cont ai ni ng one ormnowbg‘ndééarg%lﬁ{OF%ﬁg#éb?e%gﬁg\seﬁggésa%% %@ﬁéﬁ%&g%ﬁ%nt ai ni ng
the novel nenory eystamispOBeranidn Sutahatektellsdmachiney b interoo8) Osen fgbasry cel | s
200D or 300E of the. B §§c@&éfgpe(r%§g%dqgelmh%b@g%&eg{gog AUSESIS R ugaRer ally

contains a user interface ) Intertace 810 provides a user of the
el ectroni ¢ syst enssB0St au ddstromiersystenyterthg fmopesangitie userinterface components

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
controller 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 signat from the external bus 920 and relays it to the

14



observation of the results of the electronic system 800. Sone exanpl es of
user interface 810 include the keyboard, pointing device, nonitor and
printer of a 10 personal conputer; the tuning dial, display and speakers of
a radio; the ignition switch and gas pedal of an auto BMay:2008d t he card
reader, keypad, display and currency dispenser of an automated teller
machi ne. User interface 810 can further describe access ports provided to
el ectroni c system 800. Access ports are used to connect an electronic
systemto the nore tangi ble user interface conponents 15 previously
exenplified. One or nore of the circuit nodul es 600 can be a processor
provi di ng sone form of manipulation, control or direction of inputs from or
outputs to user iomeerfioremesidfy mastules00unidspminatiddingd3 ). drierasry pystem 300
DY T ogr AmTed 1 " Corofls £ UM inpheSha BELYIIR feckiin VB RELT AL G OTUEDO. I
wi |l be apparent oM the Tists 0 exanples previously given, electronic
system 800 wi | | of 10@andaxtermal sysicmrbusfdd opgatadieksdd.cal conponents (not shown)
n addition to the oir gl 1GORS FuBRlertRBmdRG an LRkEHE RRRmM Qcodueti | | e
appreci ated that the on€ or nore circuit nodules 600 in " el ectronic system
800 can be repl &cesisteny 1800s Campeter shisteny 1 (A0 sontaing anipeessorifif pskafagmory
el ectronic syst em@ﬁ%{g%a%&% §éb§’dp9ﬁmﬁ’trl©05.,GB‘mpﬁtcl-s’istﬂrloﬁJi%&troﬁé“ C system
odi

Figure 9 shows one’e ment of an electronic systemas nenory system 25
900. Menory syst errxgame efpnclsrapsicoigten containing apathercleciionin YBEMAGONERYescr i bed

above including t heqaRaRy. ¥ 2B LEHApAOR, indshify tROhERH sydleh b didelebQEHR OF

menory cells 200D and 300E i n accordance with the present .invention and a

menory control | erstreehigs 100SasmemenirelHi00RandIE ik spprdanse Withthe BREbl s a

bi di recti onal 1bnti@kﬁt&&?cbﬁgm%pstémmompﬁaﬁﬁﬁwn&%u@mueaﬁce% deitk. system
bus 920. Menory 30 system 900 acceEts a command Si gnal fromt eoﬁg er nal

bus 920 and r el ayPepicted in Kignge 10jarq s kayhoard I8, anointizs deyired 03 foRt tes 700

on a comand |ink a9Afker 180 BAYa buNSHRERcUHce 10EO VIt HSbefapreditécthitopst and dat a
out put between the one or nore nmenpry nodules 700 an U,errét ernal system bus
920 on data |inks compenents gﬁP@‘“J?GS%HM“chr'ER“E%@fSt‘E’r@S@F At P&

el ectroni c syst eMgadceiriveERis, AditiohabstSrhgeviCdd Cotc. ComllUiuttier Be/apprecintdd) 00

contains a processor 1010 and a nenor
P 15 that the processor 1010 and mem%ry system 900 of computer system 1000 can be

incorporated on a single integrated circuit. Such single package processing units
reduce the communication time between the processor 1010 and the memory system
200.

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

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

cffect subsequent processing operations or require additional processing operations

15



system 900 housed in a conputer unit 1005. Conputer system 1000 is but one
exanpl e of an el ectronic system containing another electronic system i.e.
menory system 900, as a sub-conponent, including the nenory stem 400 and
el ectrode structure 1000 or memory cells 200D and BOOEUiNMQQQéﬁdance with
the present 10 invention. Conputer system 1000 optionally contains user

i nterface conponents. Depicted in Figure 10 are a keyboard 1020, a

poi nting device 1030, a nonitor 1040, a printer 1050 and a bul k storage
device 1060. It will be appreciated that other conponents are often
associated wth conmputer system 1000 such as nodens, device driver cards,

addi tional storage devices, etc. It wll further be appreciated 15 that the
processor 1010 anceofdhedraress pan besostried o it amags toother eamponents thatmay

incorporated on a Mrﬁvd%&:ﬁﬁﬁﬁé&ﬁ tiel shifdhvifer oPYbArad. NQl € package processing
units reduce the conmmunication tinme between the E ttegssor S 0 and.the

menory system 900. 20A¢BoHeh sperifin emigdamentshayafees | Hhefim fles an

el ectrode struct urilde appieiR Yy GRkd of Stdindfl silEin aiadn i b9 draigehab whieRt | on
t hat provi des substantkglly ved adhesi on tmeenﬁéﬁﬁ | ayers of

conductive nateri df c&fY ﬁ‘fd"%"ﬂ’ﬁ‘é%‘g £185C PHPOTSAY PR & uch as a CWP

operation. The el Qﬁilbb&lﬁﬁntsiﬂb\drﬁtWlé@a@ﬂl&tliﬁgmtéhdetﬁﬂdcox&fWhpg&oﬂé‘ort heh 25
present invention al.so c provi de uctive int et ween the two
conducti ve | ayers YBfgions W%"@F’%‘WT?‘E‘%% ’B'd?lff“éﬁ“ ?ﬁ rl’lfe a doped
glass layer that ligdsed bsly by e tlaifiRed ihe e@iialeftsétidicaf. The pr esent lnventl on
al so provides a nethod of fabricating an el ectrode structure or nenory
cell structure that does not adversely effect subsequent processing
operations or require additional processing operations 15 15 May 2006 and
the process can be controlled to avoid danage to ot her conponents that may
al ready have been fornmed on the sane wafer or substrate. Although specific
enbodi nents have been illustrated and described herein, it wll be
appreci ated by those of ordinary skill in the art that any arrangenent
which 5 is calculated to achieve the sane purpose may be substituted for
the specific

16



enbodi nents shown. This application is intended to cover any adaptations or
variations of the present invention. Therefore, it is intended that this
invention be limted only by the clains and the equivalents thereof. 16 17
15 May 2006 What is clained is: 1. An el ectrode struct ur & M&y Psing: a
first layer of conductive material; a dielectric layer formed on a surface
of the first layer; an opening formed in the dielectric |ayer to expose a
portion of the surface of the first layer; an oxide binding | ayer forned
over said Whefliectarrhed Isayer and over said exposed portion of the surface of
the first |ayer erein Ehﬁ oxi de bi.nding | ayer can be nade conductive or
at least s mcéﬂl\c,]"(\ljlﬁctqc\?‘é;sr& Yea CYBROHEE | ayer of conductive naterial formed

on the conductiygrsbiagei s¥tohdv@ive ntateridle €l ectrode structure of claim 1,
wherein the first layer is a netal that adheres to said oxide |ayer. 3.

The el ectrode sk digleciticdayst fermeadrama suifiee ef thedi® laegond |ayer is a netal
that is diffus nbAp%ningthrtﬁgd A tﬁé(hg?ecﬁ'n:qa?é}qgﬁx die ?eb'ogti fAfie siftfactidr.
onprising: & f1rst layer o

el ectrode structure, conductive material; a
di el ectri aht fiy®layegr ned on a surface of the first layer; an opening forned

in the dielectric l.ayer to _expgse a portion of the surface of, the first
| ayer; a bi ndi rig Pagebinding)leer dermedver s diglesiicdayersndoyciuidd HPos8%! ectri ¢

| ayer and ) j - - ; ihsthelder; and a
sonond |y SESELRIRELGE HPRyE yhoBnHE LAE pRldide e e e
t he condumhtveaiveat at ieast sefidohdusaepad | ayer is selected to be diffusible

into the bindin | ayer to ke the binding | ayey capabl,e qf conductin
el ectrical s(’eﬁplixcglﬁy_er gf conducthf% matena? forme onqhe cgn(fuctlvé) gindmgciayer. 9
2. The electrode structure of ¢laim 1, wherein the first layer is a metal that

adheres to said oxide layer.

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

diffusible into said oxide and bonds to said oxide,

4. An clectrode structure, 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 including a silicon dioxide 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 binding layer, wherein the
conductive material of the second layer is selected to be diffusible into the binding

layer to make the binding layer capable of conducting electrical current.

5. The electrode structure of ¢claim 1, wherein the first layer of metallization is

one of tungsten and nickel.



5. The el ectrode structure of claiml1, wherein the first |ayer of
netallization is one of tungsten and nickel. 18 15 May 2006 6. The

el ectrode structure of claim1l, wherein the second |ayer of netallization
is one of silver and nickel. 7. An elfctrode structure, 1MapePeng:  a
first layer of netallization; a dielec Yic | ayer fornmed on a surface of the
first layer; an opening fornmed in the dielectric |ayer to expose a portion
of the surface of the first layer; an oxide binding |ayer forned over said
di el ectri .| ayBiie dadra¢atrustaichietpmsk dvhepon themecafd ahea ofumdtabeaton ishe fir st
| ayer, wher ei %he 0 iggeginding | ayer can be nade conductive or at |east
seni condudPPe SH¥HANG nd |ayer of netallization formed over said the

bi ndi ng | ayer, wherein the binding |ayer is selected to provide adhesion
between the first and second |layers of netallization to prevent the second
| ayer of riet al Ahzkrirode strsmrbaiongpristigeed out of the opening in the
dielectric | ayer br fonges Cﬁeq;ed by a chem cal/nmechani cal planarization
process being sPlayen o PHRLON r ode structure to form an isol at ed

netal | ization sfdidlebiicQaldd foiedaendurtick Bf thbdirelilgyeectric layer. 8. An

el ectrode structure, conprising: a first layer of one_ of tungsten, nickel
and semi conductasropeningrfprmed 1nag@d@le§mwlazerlta9@0w@rmﬁtwwf the 847fac§0€ of t he
first Iay% » 580 %ggning formed in the dielectric |ayer to expose a portion
of the sur g% 3? ‘the first layer; a conductive binding |ayer fornmed on
the diel ectric dnayede BWRdingNayeh fortncd@Sedsaiddietactit lajertahé oser faikbexpoked he
first layer, wherein the conductive bindin Iayerilifuisﬂ’1 orned of apn anneal ed

i nsul at i noraeEel the surizg of thelishiayerayiereyt thejoxddeb eheRn MBS di ng
| ayer, “hQ%SHQtﬁ%%r%?ﬁgﬂ%khﬁ%ndaﬁﬁgiﬂﬂi'ayer i ncl udes an oxi de and silver
the Into’ the

di ffused from second Tayer )
a second layer of metallization formed over said 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.

8. 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;

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, wherein the conductive binding layer is
formed of an annealed insulating material; and

a second layer of silver formed on the binding layer, wherein the conductive
binding layer includes an oxide and silver diffused from the second layer into the

oxide.



oxide. 19 15 May 2006 9. An electrode structure, conprising: a first |ayer
of conductive materiai; a first dielectric |ayer forned on a surface of the
first layer; a second dielectric layer formed on the first dielectric

| ayer, wherein the first dielectric l? er has a faster &2Max#08 than the

second dielectric layer; an opening fo dinthe first and second
dielectric layers to expose a portion of the surface of the first |ayer,
wherein the opening has a reentrant profile in response to the difference
in etch raf%e beheeemodedwtrnikciurgtcompdismgcond di el ectric | ayers; a conductive
bi ndi ng | ayer fornmed on #he first dielectric layer and on the exposed
portion of the &fFy e of cQuductiE it iy or - and a second | ayer of conductive

material formed, Ga Wt RBYEL folBedbid silGadedh Rie fikPlayd; memory cel I,
conprising: a first layer of conductive nmaterial; a dielectric |ayer forned

on a surface ofasdvend dredecttialaper, foanedprthefystidielaettic layet.vehegein tecfivst ¢ | ayer
to expose ortion of the surface of .the first layer: a binding |ayer
formed on ‘?lﬁ'g:c@ce}f‘%eé‘?’?% ?Sﬁ?gﬁc a{ﬁ@tgwaﬁéecé'%g&%%f’%%f !e%n of the surface
of the first |ayespeningRe@Bdid MY Hist@hd seRdEdaidlstridhiyersitékxpose agpdriton t he
bi nding | ayer; a layer of doped chal cogenide material forned on the second

| ayer of efthdsenfaceefitha fust ayer, shgrein theiopaning hiay a renEyH uekleya resaeRsei al
f d | f d hal ' i Al 1. Il of
cam 10, (e uttFinedin SORSAPORER BEOREPARLGL Bbtecdib1ayflE TETRTY. 2L i n

conductive mat e tadduktieabinbigtiiver dorndden thatiest ditectiialagogaid abethe | ayer . 11.
The nmenory cell of claim1l, wherein the third |ayer conprises one of
si | ver, exposed portion of the surface of the first layer; and

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

10. 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.

11.  The memory cell of claim 10, wherein the layer of chalcogenide material is
doped by diffusing conductive material from the third layer into the chalcogenide

layer.

11.  The memory cell of claim 11, wherein the third layer comprises one of silver,

nickel and polysilicon.



ni ckel and polysilicon. 20 15 May 2006 12. A nmenory cell, conprising: a
first layer of conductive nmaterial; a dielectric layer formed on a surface
of the first layer; an opening forned in the dielectric @ﬁFr bﬁeexpose a
portion of the surface of the first E@yer; a binding | #8P%ed on the
dielectric layer and on the exposed portion of the surface of the first

| ayer; a second |ayer of conductive nmaterial forned on the binding |ayer; a
| ayer of germani um sel enide material forned on the second |ayer of

conduct i VE. mat &miahoryael, contgrising: | ayer of conductive material formed on the

| ayer of doped gerpaniu el enide material. 13. The nenory cell of claim
12, wherein th%g%%%‘?g%’ﬁﬂﬁwreé??t?ﬁ%f germaniumto selenide in the |ayer
of ~germani um Sz?hi%f@cﬁ?;lh?ert}l@ﬁﬁ\é%%h ahewce bBiBTiradyabout 40/ 60. 14. A nmenory

cell, conprising: a first layer of conductive material; di el ectric |ayer

formed on a suarf epemim formed in the dielesyres layerro 6pRARe APOrAThRIAhE SUil#rE ofi el ectric
| ayer to %3052 a portion of the surface of the first |ayer; a binding
| ayer forREA™Si®X%e dielectric |ayer and on the exposed portion of the

surface of the,hinials 1hptgbrmel GG dikldchyelayaf andamdhe tiposedportionall f or med on
the binding layer; a |ayer of doped chal cogenide material forned on the
second | athesudice afoheiliest layer;nat erial ; and a third | ayer including one of

silver or nickel forned t £had hfi8n .ial, wherein the
f; SPHED ef,
| ayer of chal c%é%ﬁP%ga%’%ﬁg?ﬂnlaaﬁcé‘%yrﬁ%‘S‘g% By anneal ?ng os/cause sone of the
silver or nickglaykr egdrimaniubi seterlideymntetiol fdirhédisrethersecontdHayer of
conductive material; and
a third layer of conductive material formed on the layer of doped germanium

selenide material.

13.  The memory cell of claim 12, wherein the concentration ratio of germanium to

selenide in the layer of germanium selenide is between about 15/85 and about 40/60.

14. 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 including one of silver or nickel formed on the layer of
chalcogenide material, wherein the layer of chalcogenide material is doped by

annealing to cause some of the silver or nickel from the third layer to diffuse into the

chalcogenide layer.



chal cogeni de layer. 21 15 May 2006 15. The nenory cell of claim 14, wherein
the | ayer of chal cogenide nmaterial is germanium selenide. 16. A nenory

cell, conprising: a first layer of netallization; a dieﬁfﬁﬁriﬁ éayer
formed on a surface of the first |layer;, an opening forme YRR di el ectric
| ayer to expose a portion of the surface of the first layer; a conductive
bi nding layer fornmed on the dielectric |ayer and on the exposed portion of
the surface of the first layer; a second |ayer of netalization formed on

t he conductSi ve Biemdémgryl ejlex claimbds whereithibe dayier ot ehaleo genigamaderiahifer
includes a sili.con dioxide and netal diffused fromthe second |ayer; a

| ayer of cﬁ?BBi’fn}'}Waﬁe BY&ni de material formed on the second | ayer of
conductive material; and a third | ayer of conductive material forned on the
| ayer of doped chal cogenide naterial. 17. The nmenory cell of claim 16,
wher ei n t hé- sechmpnary éelLeomEHIZ zation is one of silver or nickel and

wherein the Co(r}‘dﬁ%tjgy?%&irﬂgia@%a L ayer i ncl udes an oxide and silver or

ni ckel diffuse e oxXl romthe second | ayer by annealing at a
sel ect ed t enperadivleetricQiye [medainer surfaecoptheifost lafert i me. 18. The menory

cell of claim16, wherein the | ayer of chal cogenide materjal i daped by
di ffusi ng condu®xRFBINELPERELIN the éﬁ’?{f’@ﬁ@ IpYRT 19 SYRAFE A POFHG qfﬁﬁe F‘gfﬁé’F Oof

chal cogeni e f&4 e|r.al . 19. A nmenory cell, conprising: a first |layer of one
of tungsten, nicKel’ or polysilicon; a dielectric |layer fornmed on a surface
of the first | ayemduaivedpedingdpyeoforeedion thédiekiicdayariapd bajhe expesaskpose a
portion of the Stu'ilf ace of
portion of the surface of the first layer;
a second layer of metalization formed on the conductive binding layer,
wherein the conductive binding layer inciudes 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.

17.  The memory cell of claim 16, 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.

18.  The memory cell of claim 16, wherein the layer of chalcogenide material is
doped by diffusing conductive material from the third layer into the layer of

chalcogenide material.

19. A memory cell, comprising:
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;



the first layer; 22 15 May 2006 a conductive binding |ayer formed on the
dielectric layer and on the exposed portion of the surface of the first

| ayer; a second |ayer of one of silver or nickel formed aon th% Sénducti ve
bi nding |ayer, wherein the conductive,binding |ayer i ndiPueE 289 | i con
di oxi de and silver or nickel diffused’into the silicon dioxide fromthe
second layer to formthe conductive |ayer by annealing at a selected
tenperature for a predeterm ned period of tine; a |ayer of germani um

sel eni de mat er i atontloetinschinding keyes Brmad oh syediclsttrisilayes and pn thy @pesed and a

third layer including.silwer or nickel formed on the |ayer of gernmani um

sel eni de, Wé?%?ﬁg? ﬁ‘%f?cgfé'?heoﬁmb@y%ni um selem de material is doped by
ultra violet angeatd Rged &one of llvgbedickein®ried b0 thetcdndwdse bindimgdet er m ned
| evel of chemi sorption of silver or nickel fromthe third |ayer to diffuse

into the Ilayasy whircipehersondisiisebiadingdayericides silirgn dioxidgasrdsiloer or
conpri Si NGy;ici@s El#ffu%&d inﬁéf ﬁ{? s?lfco‘ﬁoc{i‘g{i&é it tHBEeec%h&‘(kjaiyeFtof bhflthdldidaghidd ¢ | ayer
formed on a“surface o e firs ayer; a secon diel"ectric layer formed
on the fi raerdyehtedlinigat haylested ampepaoierfor 4 prededrmined peridd oStimend second
dielectric layers to expose a portion of the surface of the {_i.fst | ayer,
wherei n the opehiake afigsipyuumgelepsmatpral Sermed ¢ 5¢7984 }335T P 8IYeROT esponse
to a differangegn an etch rate between the first and second dielectric
|l ayers; a binding |ayer formed on the dielectric |ayer and on the exposed
portion of the thiniflayee irsfludihgsitver st nicksldormel arethe hayel aff germahivgonduct i ve
material foLIRd lakieaoindinp Laver s, &l aker ot el 3edsh L Wker @
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.

20. 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



material; and a third |l ayer of conductive material forned on the |ayer of
chal cogeni de, wherein the |layer of chal cogende material is doped by

di ffusing conductive material fromthe third |layer into the hﬁg r of
chal cogenide. 21. A nenory system conpgising: an array lox Mg § el enent s,
each nmenory elenent including: a first layer of conductive material; a
dielectric layer forned on a surface of the first |ayer; an opening forned
in the dielectric layer to expose a portion of the surface of the first

| ayer; a bpmflenig resppase tbardiffareoer inten atighetatechativeer thg &irstand sesendhe exposed
portion of.tﬁg syrface of the first |layer; a second |ayer of conductive
material fOF %wgﬁw?%e bi nding layer; a l|ayer of chal cogeni de materia

formed on the sgppahg 18y@fodicd SiPME dfdldcwee RPéQindan; theBthoied Portidnlofiyer of
conductive material formed on the |ayer of chal cogenide material, wherein

t he menor ythe ewifadepfahmbest baet,o cause conductive material fromthe third

| ayer to diffuse_j . qg_grl]i j: .dope the | ayer
of chal cogeni degsnéacpé‘?lla foé%%ﬁﬁﬁgen[%%%#é; Sys dg%%?%g‘{dé@%a%%’ wherein the

bi ndi ng | ayer iglagtr dAslcogaedd tattidtfonvied am thd secéml lape dfrcondwtivexi de | ayer
by annealing to cause conductive material fromthe second | ayer to be
cheni sor be@?ieHb athe oxide | ayer. 24 15 May 2006 23. The nemory system of

claim 21, wherejp,; i ad] : | § L8 hd Qvedd QUL ESafesi on
bet ween the fi rés{hntéﬂgysggggﬁﬂ\cg%%%%ﬁ%ﬁ%ebmmrQ/(e system %f cl’ai_m 21,
wher ei n t hehaeimncahel ldyayef chakogerdt alateriahis doped by fifffising enidwttiveamaterxdlde and

bonds to ap oxjdg. 5 A M system comprising: an array of menory
el ement 5, - BRING GG S Ra oY P g ae.

21. A memory system, comprising:
an array of memory elements, cach 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 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.

22.  The memory system of claim 21, 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.



a first layer of conductive material; a dielectric |layer forned on a
surface of the first layer; an opening formed in the di eI ectric layer to
expose a portion of the surface of the first |ayer; i éayer f ormed
on the dielectric |ayer and on the exppsed portion of ]t a¥§g? ce of the
first layer; a second |layer of conducfive material fornmed on the binding

| ayer; a layer of germanium selenide material formed on the second | ayer
of conductive material; and a third | ayer of conductive material forned on
the | ayer230f gﬁhmnmum systeneof caim Yhevterein theebindipg dayst lsgﬁélfﬁﬁdltem sel eni de

i s doped I t an| in Wse conductive material fromthe
third | ayf@'i4 ljlgl ﬂﬁ? 'iVFﬁ”o %éSt @98?0085 Y& rani um sel eni de. 26. A menory
system conprising: an array of nmenory elenents, each menory el enent

including: a first layer of netallization; a di el ectric Iayer f.ormed on a
surface o4t heTls memotasystem afclaigedl mgroran dasecond lgerds eameialthat if ayer to

expose a n of the, su fa 0 first layer; a conductive binding
| ayer for(ﬁ'g%mhﬁe ancﬁxéﬁl el t?o 50%1}5)5@% on the exposed portion of the

surface of the first layer; 25 15 May 2006 a second | ayer of netallization
formed on the conductive binding_ layer, wherein the conductive binding
| ayer mc@%desAén@Iqu’chb’ﬁe@b eXNPRSIA%d net al di ffused fromthe second | ayer;

v O CoPE P SRIED B el el tgene Ly o
| ayer of dopeda fieshadyepgftondactiveimateal;
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
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.

26. A memory system, comprising:
an array of memory elements, each memory element including:
a first layer of metallization;
a diclectric 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;



27. A nmenory system conprising: an array of nenory el enents, each nenory
el ement including: a first [ayer of one of tungsten, nickel or
polysilicon; a dielectric layer formed on a surface of the first layer; an
opening formed in the dielectric |ayer 1o expose a portilosnl\/féb’zp% surface
of the first layer; a conductive bindi ?‘ng | ayer fornmed on the dielectric

| ayer and on the exposed portion of the surface of the first layer; a
second | ayer of one of silver or nickel fornmed on the conductive binding

| ayer, wherein the cosedond layer dfimetakigatiany/formedon tieaendudivieibimdingllagst, de and
silver or njickel diffused .i.nto the silicon dioxide.fromt ond | ayer to
formthe ‘CRFAEHIARS CRNAGFIAYR 1?1‘53% fer B&?lhﬁlﬁﬁééﬂ‘ic%dﬁx“k @g}l’é%gle‘ﬁﬁﬁ%%perat ure
for a predgifhid #86hd REL0d of tinme; a layer of germanium sel enide materi al
formed on the second layer of silver or nickel; and a third | ayer

i ncl udi ng silver or miagkedf dopedrelthlengenide magsrial fermed parthepeognd doicedd de,
wherein the |.ayer of r ium selenide material is doped by wultra violet
anneal i ng CrOBFhl lvgéTaéfél?agdquqnne period to cause a predeterm ned |evel of

chemi sorption of sily@irdQliyeio€ keldubtiednhteeial formed bayeslaya didbpetse into the
| ayer of ermani um sel enide material. 26 15 May 2006 28. A nenory system
conpri si ngehalspgemdamattiahenory el enents arranged in rows and col ums; a
plurality of address lines each coupled to one of a row or a colum of
menory elenments; and a plurality of data |ines each coupled to one of a row
or a col umy. of Ae@Bbyy sBlemebiprisgch nmenory el enent including: a
transistor including a gate term nal coupled to an.address |ine and a
source/ drai n t AT of sermery ¢laneenss, gaghmpempawy elgmgnt 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 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.



a programrebl e nenory cell coupled to another source/drain termnal of the
transi stor, wherein the programmable nenory cell includes: a first |ayer of
conductive material; a dielectric layer forned on a surface of the first

| ayer; an opening formed in the dielegtric layer to expdddMay #6ion of

the surface of the first layer; a bin Png | ayer fornmed on the dielectric

| ayer and on the exposed portion of the surface of the first layer; a
second | ayer of conductive naterial formed on the binding |ayer; a | ayer of
doped chabgogeAintendsrgtsesteml cdropribtk:on t he second | ayer of conductive
material; and a third_|layer of conductive nateé%f formed on the |ayer of

|
doped chal cogeAl @&a¥af Wemary cloments agranged n 10ws and COIMBS; i ng: an array of

menry el enent § pil et daldss M cAllFediBlddmShe Bf oty 8t b bdluf Gl ess 11 nes
each coupled to"one of a row or a colum of nenory elenents; and a

pl uralitynmenaaeknientsesndach coupled to one of a row or a colum of nenory

el enments, each noy. lepent including: 27 15 May 200 t i St or
including a gatag’?‘fréﬁlgﬁcﬁéllag‘j&%fe CLOBPQ?ﬁ 8% %tgasrqv%/%rea C@H%ne? fglg%?oé /drain
termnal  cRuRhRJeid Aefdlldhafindting progr ammabl e memory cel | coupl ed to
anot her source/drain tefmnal of the transistor, wherein the prggrannable

menory cel | i ncl udeg:traasisior sicludipgr gate taymanad cowpledifa an-address Ige apdPysi | i con;
Formed i nettieeBedt epfhPE S RuftoRghEB 3 "ot 1 on of the surfage of the
first layer; 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;
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.

29. A memory system, comprising:
an array of memory ¢lements 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 conductive binding |layer fornmed on the dielectric I|ayer and on the
exposed portion of the surface of the first |layer; a second |ayer of one of
silver or nickel formed on the conductive binding | ayer, wherein the
conductive binding layer includes a silicon dioxide anbﬁ MayZOP6or i ckel
diffused into the silicon dioxide fromthe second |layer to formthe
conductive binding |ayer by annealing at a selected tenperature for a
predeterm ned period of time; a |layer of germani um sel enide naterial fornmed
on the second |ayer of sidangstooinchidiigal gatetedminal bupded tayemraddrass ling ng

silver or njckel forped on the |ayer of.gernanium sel eni de, wherein the
| ayer of @féfrf’rﬂ%‘lr réﬁﬁtéﬁ?lﬂéltcr?ﬁi’lﬁlitéﬁdia@ I‘“go by ultra violet annealing

for a selected tine peri Q?rgﬁalﬁ_ﬁllégl% RerRE§ el @b IpIBEh arlotheelso@be/ahgim sor ption
of silver or nickel fromthe third layer to diffuse into the |ayer of

ger mani umeseingho Githe trahsstonlwheddn ths regianwradlememory ¢cll ipelgdes:si ng:  a

The i ntegrated oirou i nol ubdedte SEERSBEeat AERIHARKE | 2051 “one

el ectrode including: a first havgsctod lagon@duatd ¥e aBRifssel Hlthe firsdlagtect ric
| ayer formed on a surface of the first layer; 28 15 May 2006 an opening
formed in the dielectric |ayefnppenirgiprmed ihherdidectas 1BBOGIPPSCE of the

first layer.. an.qxi de. bi nding_| ., fornmed over said dielectric |layer and
over sai dp%l;teﬁg%%e Sblgfﬁf‘? %ﬁhggm{tﬁéﬁééurface of the first layer, wherein the
oxi de binding layer is nmade qeBadigtivybindingsleyer-fonmndimt theeljelertdc a second
| ayer of conductive material formed on_the_ conductive binding |layer. 31. A

semi condulayeiand; i the sxprsed pagion of the Wekerapkihe Ay 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.

30. 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;



an integrated circuit supported by the substrate, wherein the integrated
circuit conprises at |east one electrode structure, the at |east one

el ectrode structure including: a first layer of netallization;, a
dielectric layer formed on a surface of,the first Iayerﬂﬁﬁ@aﬁﬁgﬂﬁng f or med
in the dielectric |ayer to expose a por%ion of the surface of the first

| ayer; a conductive binding |layer formed on the dielectric |ayer and on the
exposed portion of the surface of the first |layer, wherein the conductive
bi ndi ng | ayer dmsoffepinggfdroéd mrthadicksiredayerdakapdsag pesiar ¢fahe sufgeaf second

| ayer of qgt?llhzation formed on the conductive binding |ayer, wherein the
conduct i vé'BiF3iR§"l ayer includes a silicon dioxide and netal diffused

from the secondil @& bidingNRA féragdidver elieealelcrER laydrunt wier aid exppeddct ed
tenperature for a predeterm ned period of time. 32. A sem conductor die,

conpri si ngportien efiths surfacs; of dhrificshlayen, adersintheoxidetinding faygtisdnadene
substrat e, er.ein the. i&cﬁ@{i&%%ﬂdd rcuit conprises at |east one el ectrode
Irst T

conductive.or SCmi-c .
struct ur e, “MReT Ui ng: a ayer of one of tungsten, nickel and

pol ysilicon; aaghiceh®Rivet 6f doayedtiveafideth] domeedsan thacenductivikintlingdaydrayer ; an
opening formed in the dielectric |ayer to expose a portion of the 29 15 My
2006 surface of the first layer; a conductive binding |ayer fornmed on the

di el ectricyy ayeg S%Qogg%éé%&?d e,%ﬁlgg)orti on of the surface of the first

| ayer, wherein the con Ve | ayer is formed of an anneal ed
i nsul ati ng mat es sublstratenghda second | ayer of silver fornmed on the binding
| ayer, wherein the cogfguct i,ve binding |ayer includes. a.sili fe n.di [%Xi de and

si lver diffused ¥ 1E#aHecrSUcHRROT rthe SR5tRtee WhFTCIL B IRfEBR S B pr ovi de
adhesi on heimRRBs 4NBast bhS ek R st@BMre, 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, wherein the conductive binding layer
is formed of an annealed insulating material; 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.

32. 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



the second | ayer during planarization to forma danmascene silver layer in
the openin 33. An electronic system conprising: a processor; and a nenory
system coupl ed to the processor, the nmenory system conpri i&n}g array of
menory el ements and each menory el enentgincluding: a find 4&?@% of
conductive material; a dielectric layer forned on a surface of the first

| ayer; an opening forned in the dielectric |ayer to expose a portion of the
surface of the first layer; a binding |ayer forned on the dielectric |ayer
and on t hesuefapogbdie figgirlayesh of the surface of the first |ayer; a second

| ayer of conductive material f.orned oncthe . bingi I - I of doped
chal cogeni de materi af c?rbiuﬁﬁ\ée %Iﬁd]tnﬁga%eéé%%n dl°§3@? E%FC%?:/@%&?%PF\%%% erial;
and a thi rékpogatesor@bn 60 YaifhoserMBd Bist Rlyerd, haRdh 02 cohiéudtidy dindidg Beaed

chal cogenide materjal. 34. An electronic system conprising: a processor;
and a menoisyoreskafndsnenledinsgatinemateseb d8ér , t he nenory syst em conpri si ng
at | east one nenory ' Udi pg. ' .y f Ive
material ; a dielect r?gécﬁgﬁebfye# gfgrlrtggf gb%mg&g%ﬁi%g&%%{yﬁg’ ‘}d?e?ésltg%?ayer; 30 15
May 2006 atondpetiviertgndiog imer inohideea diliebediokide and gdvertddffescddsan ¢hepor ti on of

the surface of the first |ayer;.a binding |ayer fornmed on the dielectric
| ayer and $RORhYepEseasilisen 5}%@&? Pf‘rYéd%féfb?éeng‘F"feﬁﬂ_ GRRLRYPAr . a
second | aygp F@Jonﬁ@é}%i‘%ﬁﬂ%ﬁ??&ﬂaki@h td Ahst slalv&%pg ih Edpenth | ayer of

ger mani um sel eni de “mat er | ornmed on the second | ayer ©

33.  An electronic system, comprising:
a processor; and
amemory system coupled to the processor, the memory system comprising an
array of memory elements and each 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 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.

34.  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;



conductive material; and a third |l ayer of conductive material forned on the
| ayer of gernmanium selenide, wherein the |ayer of gernmanium selenide is
doped by ultra violet annealing to cause conductive ria omt he
third layer to diffuse into the |ayer ;pf gernaniun1sgﬁéﬁﬂﬁ%£m%%. An

el ectronic system conprising: a processor; and a nmenory system coupled to
the processor, the nenory system conprising an array of nenory el enents
and each nenory element including: a first |ayer of netallization; a
dielectric |ayer fofmepening formed fribe dilecttirlaypr torexpesper portipn 8bdsi ng f or med
in the dishggéékﬁwggﬁﬁ% t 0 expose a portion of the surface of the first

| ayer; a con rve fhg | ayer forned on the dielectric |layer and on the

exposed portion of &b&adnyhaadonhed hiethkidicdéctlialager amal @ethorgpdsager of
netalization forned on the canductive binding | ayer, wherein the
conduct i vROTBPMAF Hg shEfyesofithe fitkiéayes silicon dioxi de and netal diffused

fromthe second | aygg, ' .ok @lavher med on the
second | ayer of co% e ?llléghéﬁg{&evﬁdgﬁ%gﬂgggﬁ?ﬁﬁﬁgj %g?gﬁgﬁl %ggdﬁcti ve

mat eri al fornmed on 4 hget afygrmafindogdshideahated elgfenelbomrtiteassecald. Iagh.of An

el ectronic Séstenl cggg;%iing: 31 15 May 2006 a processor; and a nenory

syst em cotfRaBeiYEMEts essor, the nenmory system conprising an array of

merory el enent §4aRda GaF BEIREY e RlaRFRI foried b dhByerdofidefinib@yer of one of
tungsten, nickel or polysilicon; a dielectric layer formed on a surface of

t he fir stsdlenyds, 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.

35. 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 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.

36.  An electronic system, comprising:



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

| ayer; a second layer of one of silver or nickel formed dA M#e20%onduct i ve
bi ndi ng | ayer, wherein the conductive Binding | ayer includes a silicon

di oxide and silver or nickel diffused into the silicon dioxide fromthe
second layer to formthe conductive binding | ayer by annealing at a

sel ect ed t enper apurcessfoorand predeterm ned period of tine; a |ayer of

germani um sel eni de materi al forn&ﬂb n the secgnd | ayer of silwver or
nickel; and a tﬁmeﬂ‘lqré{ﬁ@?@mﬁe}lﬂ}a e PFRESSOByt ﬁP’@Rﬁ’Fg F’Eﬁt%ﬁo’a‘ﬁnflﬁéa{layer of
ger mani um gehehf lemoNNQERLRs bR cAANREmS JShdRMdmis@! eni de material is

doped by wultra violét annealing for a Selected tine period to cause a
predet erm ned | evel effirstdésmrio§ ongpof tungstén, sickekor pedysiliaokel from the third

| ayer to diffuse into the lL.ayer pof er mani.um sel epi material. 37. An
el ectroni c system cSrqbeﬁ?céﬁ'l%gayer%%?%8%%5%?%&%3]1%&??@%3% system coupled to
the processor, the menory afypéfing foteledth @ dicladirialdyal 1odxpB@portioh efent s

arranged in rows and columms; a plurality of address lines each coupled to
one of a r 8 surfage eighefrstddyetnenory el ements; and a plurality of data |ines

each coupled to one of a 5%{‘%&9’3Bﬁllﬁ‘ﬁ@a?%fgﬁﬁéﬁlﬁh@!ﬁa&ﬁhﬁgﬁﬁ%ﬁ menory

el ement including: a transi's I'hC erm na 0 an

addr ess | i ogtiergpaseddobborMiithe Odtfacs off (ieefigr laiér; t er m nal coupled to a data
line; and a progranmabl e nenory cell coupled to another source/drain
terminal of the transi st 8sccopddast af preoinlygr el ormedimtheel | i ncl udes:

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 seienide, 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.

37.  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



a first layer of conductive material; 33 15 May 2006 a dielectric |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 i r;0§ bi ndi ng

| ayer fornmed on the dielectric |ayer ?pd on the exposedfe%éygl & of the
surface of the first |ayer; a second layer of conductive material forned on
the binding |layer; a |layer of doped chal cogenide material formed on the
second | ayer of conductive material; and a third |layer of conductive

mat er i al douraséltaipriemntiealicaypled 6 a daipéide; aidal cogeni de material . 38. An

el ectronic system conprising. a processor;:..and menor. St upled to
t he processor, the %%ﬁ%ﬁ?n@@@?EHPFEXF%@Fﬂﬂ#aiQﬁmgﬁ?5§mg‘¥%%%5?§H%ﬁgnents
arranged 4ffthé QWEsiARd wheteihe prégrimtiadld hym6efy @ddhéagest i nes each coupled to
one of a row or a colum of nenory elenents; and a plurality of data |lines
each coupl ed to onea 8fst yeoof ndectogimgerids  nenory el enents, each menory
el ement including: a transistor including a gate term nal coupled to an
address line and a source/drain termnal coupled to a data line; and a
programuabl e menory cell coupled to another source/drain termnal of the
transi stor, wherein the progranmable nenory cell includes: a first |ayer of
one of netallization or polysilicon; a dielectric |ayer fornmed 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 conductive binding |ayer
formed on the dielectric |layer and on the



exposed portion of the surface of the first layer; 34 15 May 2006 a second
| ayer of one of silver or nickel forned on the conductive binding | ayer,
wherein the conductive binding |ayer includes a silicon _dioxide and silver
or nickel diffused into the silicon digxide fromthe seboNd#YI28r to form
t he conductive binding | ayer by annealing at a selected tenperature for a
predeterm ned period of tinme; a |layer of germanium selenide material forned
on the second |ayer of silver or nickel; and a third | ayer including
silver or nickel foanditctnc e foayet owi surdrec o theulmsslalemi de, wherein the

| ayer of germanium sel eni.de.nmaterial i opgd b ultra vj.ol anneal i ng
for a selected ti me®bErTYRE ﬁoéms‘iﬁjs@egli?cg%‘gﬁé(?rrﬁ%ﬁéaoﬁeeav%qﬁ% 8}-t(]:]ﬁ:en‘i sorption
of silvergfacBbsHRlfickirioyert he third layer to diffuse into the |ayer of

ger mani um sel enide material. 39. A nmethod of nmaking a el ectrode structure,
conprising: forni ngbidingleyer faresd orf thewieeatiie yeiod qrothgiexpessd di el ectric

| ayer on a surface of.th L .st,layer; formng an opening in the dielectric
| ayer to %?3%8%8?%668#??60%%? Eifsr%éay%%(jrface of the first layer; formng a

bi ndi ng | ayer on thgséeboall ¢lcf bEcdndytiveansteisl fohrexpisdindiog layeny of the
surface of the first layer; formng a second | ayer of netallizatign on the
bi ndi ng | ayer; anneaIIQYﬁgof‘ﬁﬂpeéchélﬁ?g?@éieé’flﬁ“@é%llf@énﬁ%mb@ﬁ§§°°r?§tl%l’qri° ation
fromthe ‘1 di ffuse into the binding |ayer and to provide
adhesi on %e%\%e&gvnélﬁﬁtgh?ll’%@% and second |ayers of netallization; and

pl anari zi ng t he el eathinbiayatafuehduce vbynateriah forined lohrtee hagen afaloppd anar i zat i on
process to forman isolated netallization structure forned in the opening
in the draleageridgmagial. 40, A method of making an el ectrode structure,
conpri si ng:

38.  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;



formng a first layer including one of tungsten, nickel and polysilicon;
formng a dielectric layer on a surface of the first |ayer; 35 15 May 2006
formng an opening in the dielectric |ayer to expose a portion of the
surface of the first layer; forming a.pinding layer indPldERgO% silicon
dioxide on the dielectric layer and on the exposed portion of the surface
of the first layer; form ng a second | ayer including one of silver and

ni ckel on the binding |ayer; annealing the electrode structure at a

sel ect ed t enper at ur e2 sasend layeeefeangrafisHest ormiakel pemedantlse control the

chem sor pt éo%@u@{ve%illtﬁég%l (r%r, S&fioh%lﬁ%%g thi(fnéogdﬁcr%ﬁe %Hﬁ’]cﬁﬁv%?rgy%rgiéglﬁldfzsﬁg gﬁg&? nari zi ng

the electro ruc aimascene si openi ng.

41. A net hdidxidé apdkilvig officRelefi ffi RdanktiheSiliberediok @ Fdns tHeGecorfdlayerng a first
| ayer of conductive material; formng a dielectric |ayer on a surface of

the first ferpdhe candnefivepinding lavist by annealing piiyseleciuldampaisturg fe5fa | e in the
dielectri : %fEB . a.portion of the surface of the first |ayer;
form ng ac%(%%‘%%lﬁgdep mﬁ%ﬁﬁ’ayer on the dielectric layer and on the

exposed portion of 4hegeseffdetreniomn detenideimatrildymied anthefsesandrigyea ofecond

| ayer of conducti.ve material on the conductive binding |ayer. 42. A nethod
of maki ng ANCRITEEAMdst ruct ure, conprising: forming a first |ayer

| ncluding one of t UnggiNaydifdfelin 8 8t Yielcdt 6ffled of HeThftl of 1 TSt
dielectric layer on a surface of the first layer; formng a second
di el ect ri cgenayeinmoselanide, vherdin theddyec bf panlaaiuen seledide miateriahs doped by
dielectric, ayer has an etch rate faster than the second dielectric |ayer;
form ng. arfBRYRIs g he EQ0T 1 FUE GHITS BRSO GP LI LU FREOTAPEt FYEEP expose. a
portion ChehdrStinf AGAvE, orfiéel HbRT tht MUET layM6 dFRe 8 (RPRYEN | ncl udes a
reentrant profile in response to a difference in the etch rate between the
first and ssepamtmdickingdstmateritlayers; forming a binding | ayer including a
silicon dioxide on the second dielectric
39, A method of making a electrode structure, 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 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.

40, 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;



| ayer and on the exposed portion of the surface of the first layer; 36 15
May 2006 form ng a second | ayer including one of silver and nickel on the
bi nding layer; annealing the electrode structure at a selected tenperature
for a predetermined time period to conttol the chemi sorpti ¥AYEPO&i| ver or

ni ckel into the binding |ayer; and plaharizing the electrode structure to
forma damascene silver layer in the opening. 43. A nethod of making a
menory cell, conprising: formng a first |ayer of conductive nmaterial
forming a di el ebuming imgmminginghsdicteauis layerthexifase s pottioperf;the surficagf an
opening in tqe qielectric | ayer to expose a portion of the surface of the
first |ayeP® WAy a binding |ayer on the dielectric |ayer and on the

exposed porti onfging NeindiHf 1868 iAdluding afsiliceh kY& on thedidiagrialayecaid | ayer
of conductive material on the binding layer; formng a |ayer of doped
chal cogeni e theesxppicd| posiion ¢iche swrdied rsolyergonduct i ve material ; and

formng a third.l ayer of conductive. ri : .
chal cogeni de ma Oenrn?{ %§?S%ﬂpgkyﬁ%{nﬁiéglﬁénﬁea%fi%ﬁ‘é&%n %lnglr(?r(i)rSa ggrg{eqeﬁ{ln(gg% F8i ng:
formng a firstah@dbhg te tndde binv@uroat g k¢ladted fepiptrdigredorla pledetermimed ayer on
a surface of the first Iaﬁ}%fr; form ng an_opening in the di(ﬁl egri_c | ayer to
expose a pBREIPSHOGfo eanrod therchemisgrptionid slyerar nickgbmnto thebimding bysi aad ng

tho Tirst | ayer FERaianh ol EoRe el B ROl iRy B e e
bi ndi ng | agpning.form ng a | ayer of germanium sel eni de material on the
second | ayer of conductive material;
41. A method of making an electrode structure, comprising:
forming a first layer of conductive material;
forming a dietectric 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.

42. 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
diclectric layer has an ctch 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;



formng a third |l ayer of conductive material on the |ayer of germani um

sel eni de; and 37 15 May 2006 annealing the nenory cell to cause conductive
material fromthe third layer to diffuse into the |ayer_of q%h ni um

sel enide. 45. The nmethod of claim 44, wherein the conceht MaY of
germaniumto selenide in the germani um sel enide |ayer is between about

15/ 85 and about 40/60. 46. A nethod of naking a nenory cell, conprising:
formng a first layer of netallization; formng a dielectric |ayer on a
surface of t heforininga segyed laytninpludipgone of sitvengnd pickpleoryihe bawking @yetayer to

Cayer i nct udi rgeting B B fGinahee 0% o S ehPefury G hBSaBipRE' O e

portion ofimé Berisdiof @atoPthe chémfsbiption lo@yiéver of aicktiNgtoxhs dawiv lagsre andf
metal | ization on the binding |layer; diffusing netalljization fromthe
second | ayer iPigeRrizing e slacheds eyusiure fofommpglagnasgene silyer lake 18 difeni de

mat eri al ﬂ% e second layer of netallization; formng a third |ayer of
metal | i zati'on“on the |ayer of chal cogenide material; and annealing the
menory cell to cause netallization fromthe third layer to diffuse into

t he | ayer of chal cogenide material. 47. A nethod of nmaking a nenory cell,
conpri si P f ofisiBodiof making payeamorycelly LOMEFISIEngst en, ni ckel or

pol ysi li con; fo%ﬁﬂgnagﬁﬁhgaiygn:c?ﬁ(i?ohhﬁcdv@?ﬁ%eﬁﬂ' a surface of the first |ayer;

form ng an openingn t electric layer to expose a portion of the
surface of t hferfingst diekeyteic;lagaoomarsgriacdofitble figst lager i ncl uding a silicon

of the f st TyBIE iy i (e BbREioApEr reranes BPRerIaySFe SFRT Bhel on
the condugtifyg 1Bepdi ng
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. 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;

forming a layer of germanium selenide material on the second layer of
conductive material;

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

selenide; and



| ayer; diffusing silver or nickel into the binding |ayer fromthe second
| ayer by 38 15 May 2006 annealing at a selected tenperature for a
predeterm ned period of time; formng a | ayer of germani sel enj de
material on the second |ayer of silver,.or nickel; for mﬁggﬂaygﬁ&d | ayer
I ncluding silver or nickel on the |layer of germanium selenide; and
annealing the nenory cell to cause a predeterm ned | evel of chem sorption
of silver or nickel fromthe third layer to diffuse into the |ayer of
ger mani um sel enamhealingthe micahery 4811 todcanse berdiuctivenmkicngl Bomdheihyrddayar to

conpri sing;...form a first |layer gf .conductive material; formng a first
dielectri cdlffgfl%wt%ﬁ'%&a%eﬂf’?ﬁ%rgmg%’m?Fl elflﬁ?'st | ayer; formng a second
dielectric layer on the first dielectric layer, formng an opening in the

first and second dielectric |layers to expose a portion aof the surface of
the first 4ayer Thamsthefwfcliimdgewhergin the correstrationedfacraptiupy 9rseleaiden
response {2 8 bLGRENSlchile PG Ah SRS BN d1Boli 4ikp.and second
dielectric layers;, tormng a birnding lrayer on € secon l'el ectric |ayer
and on the exposed portion of the surface of the first layer; formng a

second | ayer of conductive material on the bjnding layer; formng a |ayer
of chal cogthi deAfagtBed af making ganaraery cally COPEIISHIR: conducti ve materi al ;

form ng a thirdglawer, g ﬁag&d&iﬁfhét\c’lﬁizgﬁlﬁ” al on the | ayer of chal cogenide

materi al ; and anneald ng t nmenory ce to cause conductive material from
the third | ayerfoarmingredieketricdaydred amprfabeof thy érst ddyechal cogeni de mat eri al
49. A nethod of .nmaking a ry. system Ising: f ' f
memory el ement Sfor%qlfﬂg opeg&rg)ln¥he 1§1egtr111]c I%%rl]‘?or cle)?plorslga port%rnngfrglge Sitea2E 6FY ©

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.

47. 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;

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



formng a nmenory cell associated with each nenory el enent, wherein formng
each nmenory cell includes: formng a first |ayer of conductive material; 39
15 May 2006 formng a dielectric |ayer on a surface of L{;ﬁ{a};’l rg% | ayer;
form ng an opening in the dielectric ggyer to expose a YO8t the
surface of the first layer; formng a binding |layer on the dielectric

| ayer and on the exposed portion of the surface of the first |ayer;

form ng a second | ayer of conductive material on the binding | ayer;

f or mi ng aarnagléng aifa sdlzpted terhpdretmgefor d ereveteemingd poniod hétimgcond | ayer of

The |ayer of - dopeine wfiaral e atoRr Ehidm ke R ERROH el o ronor y

system c&fREdesi ng:  forming an array of nenory el enents; and fornming a

menory cell associated with each nenory elenent, wherein formng each

menory cel | i normites: thirddayes gncduding sitver ayrickefondbe tayet ehgermaRism al ; f ormi ng

a dielectric.layer on a surface of the first layer; formng an opening in
IFHISHE

the diel 68 er to expose a portion of the surface of the first

| ayer; form ngarmelin}tiho thdndyeiced o édvee 8pRiderhnined laxesf dnchiuiptitreofxposed
portion of the surface of the first Jayer; formng a second | ayer of
conduct i velveneepirks! figm thedhisd Fyrhig qléfv@rlpto the tayehel germagem ssleiiés nani um
sel eni de jal on the second | ayer of conductive material; formng a
third | ayer of conductive material on the |layer of germanium sel enide
material ; and

48. 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;

forming a third layer of conductive material on the layer of chalcogenide
material; and

annealing the memory cell to cause conductive material from the third layer to

be chemisorbed by the layer of chalcogenide material

49. 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,



annealing the menory cell to cause conductive material fromthe third

| ayer to diffuse into the | ayer of germani um sel enide. 51. A nethod of

maki ng a nenory system conprising: formng an array of ggagﬁ{ el enent s;
and 40 15 May 2006 forming a memory cell associated wi t B3 nory

el ement, wherein form ng each nmenory cell includes: formng a first |ayer
of one of tungsten, nickel or polysilicon; formng a dielectric |ayer on a
surface of the first layer; formng an opening in the dielectric layer to
expose a porti fmmdig a fislectir lapereonof surfaee of thedirstagier;; forni ng a bi nding

| ayer including a.silicon.di.oxide on the dielectri he
exposed porti Oﬁbrglfmg %o%e&}qgggéh%%eféﬁ@cpweg tto F’g)yogF ;a%f’ Btirc’%yoﬁflg’gth%aggagg ﬁ}(;l | ayer
of one of theiflrtahy®r nickel on the conductive binding layer; diffusing
silver or nickel into the binding | ayer fromthe second | ayer . by annealing

at a sel ected fosmies abindinglayer@nihedistesirio iy apdendle swosedwortionphi ng a
| ayer of &%rsﬁﬁgéeu&tﬁghgﬁilag&_nmeri al on the second | ayer of silver or
ir yé

ni ckel; formng at r including silver or nickel on the |ayer of

ger mani um sel efdrféng apstoad gat oN@nibaivernmeyaloalthe bindagusgera predet er m ned
| evel of chem_ sorption of silver or nickel fromthe thi[d | ayer to diffuse
into the |ayer fmingalayanei s chalpegenidsmaateral ongbe segopdlashohf naking a

menory sy§6®mﬁmh§j.% formng an array of nmenory elenents arranged in
rows and columms; for Hi ng a plurality of address |ines each coupled to one

of a row or a ftwinimma thifd lapsref yomduetes tratcriahon fherlayamgf dopddur al ity of data
I i nes eachh(ioupl.ed to one of a row or a colum of
chalcogenide material.

50. A method of making a memory system, comprising:
forming an array of memory elements; and
forming a memory cell associated with each memory clement, 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 Jayer;
forming a second layer of conductive material on the binding layer;
forming a layer of germanium selenide material on the second layer of
conductive material;
forming a third layer of conductive material on the layer of germanium
selenide material; and
annealing the memory cell to cause conductive material from the third

layer to diffuse into the layer of germanium selenide.

51. A method of making a memory system, comprising:

forming an array of memory elements; and



menory el enments, wherein form ng each nmenory el enent includes: formng a
transistor including a gate termnal coupled to one of the plurality of
address lines and a source/drain term nal coupled to one_of the plurality
of data lines; and form ng a nenory ?EH coupled to and? F&Y {08 ce/ drai n
termnal of the transistor, wherein tormng the nmenory cell includes: 41
15 May 2006 formng a first |layer of conductive material; formng a
dielectric layer on a surface of the first layer; formng an opening in the
di el ectric | ayfrming empowoey celpassediand vfith eablememotn elemeht, wherdiiir st | ayer ;
form ng a_bi ndi%ghla er_on.th ielectric layer and on the exposed portion
of the suffRte QY FEY WCRFEP: forming a second |ayer of conductive

material on the bi nfﬂdihﬁh% ARK laybPs MmO rAun Al nidkelde pelsitRah,cogeni de
material on the second ayer of conductive material; and formng a third

| ayer of conduct i veforeing 4 diclesiiclngerioapeturiaee offhp diastd®grcogeni de materi al .
53. A nethod of nmeking.a nenmory svste i sing: | ! ray of
8 T SR Ry B

menory el enments arr orumms; y of
address | qinfse otk loupyed to one of a row or a colum of nmenory el ements;

and formng a plurality of data |ines each coupled to one of a row or a
col um of nenory efcsmans abindinelayes indydinga sidisem digsidsgp e dkSerS nel udes:

for M g a,LLARSSURE kKLY AR AR GAS! S abrgoRLed o one of the

plurality ress line a source/drarn term’nal coupled to one of
the plurality of dafaming®secondinyef af oniend sdveremmickebah thecondatidet 0 anot her
source/ drai Q t ?r m nal of the
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.

52. A method of making a memory system, comprising:
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:



transi stor, wherein formng the nenory cell includes: formng a first |ayer
of one of tungsten, nickel or polysilicon; formng a dielectric |ayer 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; folaMay 2%inding

| ayer including a silicon dioxide on the dielectric |layer and on the
exposed portion of the surface of the first layer; formng a second | ayer
of one of silver or nickel on the conductive 42 binding |ayer; 15 May 2006
di ffusing silver or nickelformnga ffins lapiendf eqpduetyeermatetal t he second | ayer by

annealing at a selected t erature for, a predeterm ped rnLod of tine,;
formng a | ayer of german? lg%fiéjr??ec?gu‘hlﬁ?fgﬁna&fs%ﬁc?ﬁgﬁlgefgrgtr%a%rayer of
silver or nickel; form ngfamiifg bslopei@f inl tRE HidtHcHE 18idr\ueexisedipiigon & t he

| ayer of ggrnaniun1selen|de; and annealing the menory cell to cause a
pr edet er ni hedurfaceeef the firg fasietsor pti on of silver or nickel fromthe third

| ayer to diffuse into the . ger ' | ri 54. A

met hod of making a sem corﬁ%ﬂ%ﬁ%?gg}dg% lgg%r&rnll{g% ﬁ%:ﬁe%mpc?%%%%ﬁéhghesubst rate;

form ng anetpuseypation of tHeGuifacsofpeofitstdayley, t he substrate; and form ng an

el ectrode coupled to the integrated circuit, wherein fqrniq%F%he_ el ectrode

i ncludes: forming a first forayee aggcond kayge of candrel vermaterialqsy Yiding

dielectri clalryglyer on a surface of the first layer; form ng an opening in the

dielectric Fayer to expose a portion of the surface of the first |ayer;
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.

53. A method of making a memory system, comprising:
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 celi includes:
forming a first layer of one of tungsten, nicke! 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



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
material on the conductive binding | ayer. 55. A nethod of making a

seni conductor di e, conprising: provig%ng a substrate; i%ﬁﬁwﬁﬁmgn
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 layer of metallization; 43 15
May 2006 Biadimpnayes; di el ectric | ayer on a surface of the first |ayer

formng an opening in.the dielectric.layer.tpo exposg a portion of the
surface of the firsHifisigst VTrd?Irﬁlﬂ(&f‘a{mb &’i“}FBW iés'ﬁrrg%lﬁ tﬁ‘fﬁe diel ectric |ayer
and on t he exPRsethy AREAIA Y seldRdIhpaaRrOfor bPedetdriinddgieiod ofor m ng a
second | ayer of "netallization on the binding |ayer; annealing the

el ectrodetimey ucture to cause netallization fromthe second |ayer to

di ff [ he bipding | d i d [ fi
and second | ayors ol Fyecet BrmeSHR Bk FORTY HuCELRIMEREL r Lotur e

by a chengjgal bmekani cal planarization process to forman isol ated
metal | i zation structure formed in the opening in the dielectric |ayer. 56.
A nethod of naking frevnd & thiddeyesinduding sibresor gickglon the ddiephg a substrate;
formng ap integrated.cirguit supported by the substrate; and form ng an

el ect r ode® St uc u%gﬁgg%ggﬁated with the integrated circuit, wherein

form ng the el ectroggneslifigitleuicmomelldesiust apmdegrmidadristel bfiyer i ncl udi ng

one of tungsten, nickel and polysilicon; ) i
cl?emisorption of silver or nigkelx%rom the third layer to diffuse into the layer of

germanium selenide material.

54. A method of making a semiconductor die, comprising:
providing a substrate;
forming an integrated circuit supported by the substrate; and
forming an electrode coupled to the integrated circuit, wherein forming the
electrode 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; and
forming a second layer of conductive material on the conductive
binding layer.
55. 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;



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 layer including a silicon dioxide on the
dielectric layer and on the exposed pgrtion of the sur fladdapei9he first

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

| ayer; annealing the electrode structure at a selected tenperature for a
predetermned tine period to control the chem sorption of silver or nickel
into the binding | dymuing adiclpdtanbyezomysurfise of dwtfiredeyst ructure to forma
damascene silver layer .in the openi 21? .i14 15 Malyt 2006 57, ) nng%ttﬁgd of

maki ng an el ect r oni dONYEE BROPERRS T WF dislectyglaxerio eXPoRe S RAUG STy £ or i ng
a NMenory sygieureaupisethyto the processor, wherein formng the nenory
systemincludes: formng an array of nenory elenents; and formng a nenory
cel | associ ated w t Homziog abinding lagtreorethe diskeénelayer ndran the c¥2esRd nenory cel |

i ncludes: fqrm a frrst.layer ,of conductive material; formng a

dielectri goﬁﬁjﬁ'eogq%wuéfagﬁPf%‘géﬁgflq%e first layer; formng an opening in the
dielectric layer to fexfiaga sacdndriyedof aletdiivatish bhalkebialingtiferf i rst | ayer;
formng a binding layer on the dielectric |layer and_on_ the exposed portion
of the surface of theedlingdhe ¢lagieade sfruetiiedy caussapeiallize oBfthi¢ onduct i ve

materi al | gl e bifdhy) | B%26vial adiRBRM Hehidlnageni de
mat eri al g%#ﬁ%’%%?%ﬁ% %@e&?{h&blﬁ@%@ C iﬁl\?etg?ff’a(ﬁvelr%%(ﬁ% ané’ %érem ng a third
| ayer of ¢westdudsecondimieer vfahetahizhtien;laager of doped
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 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 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.



chal cogenide material. 58. A nethod of making an el ectronic system
conprising: formng a processor; and formng a nenory system coupled to
the processor, wherein formng the nmenory systemincludes: fornm ng an
array of menory elements; and formng a nmenory cell assdéiM#ed0hi th each
menory el enment, wherein formng each rf‘érmry cell includes: formng a first
| ayer of conductive material; formng a dielectric |ayer on a surface of
the first layer; formng an opening in the dielectric |ayer to expose a
portion of 5¥he Aundthakofhakihpen lectodnit aysem, domiprisiigg: a bi ndi ng | ayer on the
dielectric layer. and on the expqgsed portion of 45 15 May 2006 the surface
of the first |aydPMingaPRCSEok @cond | ayer of conductive material on the
bi ndi ng Tayer; Fa6iThgd nfnhdty §Yst&th cOESIERR MBI pRRL&RE AL BhEindhe ik ¢ he second
| ayer of conductive material; formng a third layer of conduCtive materi al
on t he | ayerensiry systetnatndlwdesmat eri al ; and annealing the nenory cell to cause
conductive material. fromthe.third |layer tq diffuse into the |ayer of
ger mani um sel entJEInNg & alﬁamlﬁmo’a‘felﬁ‘ﬂéi‘tﬁga n el ectronic system
conprising: fOfsfife & nkRr9 e8P hssodiRfkd WAHEARE nferiByRIdm ey, Shigigoupl ed to
the processor and including a plurality of menory cells, wherein form ng
the menory syst émmirgegshmgemeryaetaycledesnmenory el ements arranged in rows and
colums; form a pluralit f dress_li.nes each coupled to one of a row
or a colum of (gn%l?r%g f‘/%éﬁé%%f) g?Ongdﬁatwe mateng'l’

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.

58. 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



formng a plurality of data |lines each coupled to one of a row or a colum
of nmenory el enents, wherein form ng each nenory el enment includes: formng
a transistor including a gate term nal coupled to one of the plurality of
address lines and a source/drain ter rri4§1al coupled to onéSMaYtﬁ@%I urality
of data lines; and form ng a nenory cell coupled to another source/drain
termnal of the transistor, wherein formng the nenory' cell includes:
forming a first |layer of conductive material; formng a dielectric |ayer on
a sur f acethefutfime dfithesfirsk layer;; forming an opening in the dielectric layer to

expose a portign of the rface of the first |ayer. formng a binding
| ayer on the doé‘F’EEgtEWeEo?‘itf{éff"r nglr‘f’t]tvﬁén"’é'?&?éggd eBANEINR the surface of

the first layer; fOffinigh A58 ERrhaNeh RientRIEMETAING HBERbhalayeRof he
binding layer; formng a |ayer of doped chal cogenide material on the

second | agedudive matadelct i ve material; and 46 15 May 2006 forming a third
| ayer of conductive.material .qn the |ayer of do I aterial .
60" A met hod of  makl g i Brddeveit coRiElebinaltRE LIRS SR

processormafd:; hed m ng a nenory system coupled to the processor and
including a plurality of menory cells, wherein form ng the nenory system
forming an array of aieabngthemesreery selie eange sondyctivematerial Bemdhaird £ or ni ng

A L IR EL
of a row 8. a A aletivd dfmakiBa yleatai@sistem, wompeisingf or mi ng each nenory
el ement includes: formng a transistor including a gate termnal coupled to
one of the forming a procéssor; an
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 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



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
source/drain termnal of the transistor, wherein form ngg}ihe nory cel |l
includes: formng a first |ayer of cog?ucti ve material ; 1 813y a
dielectric layer on a surface of the rst 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 thenfng sthidddygnrof tordictige mateiebordthedyyer obflomainduct i ve
material qQn the hinding layer; formng a |ayer of doped chal cogeni de

mat eri al ‘gﬁlqolg@mg%g@ﬁ?{%fl'ayer of conductive material; and forming a third

| ayer of g@ndugthMeodBE Bhkidk afR1dcEnid APQEm! @Heprislg: chal cogeni de material .
61. A nenory cell, conprising; a first”layer of conductive material; a

di el ectric | ayforming apudcensor agdir f ace of said first layer; 47 15 May 2006 an

opening forned.in.said dielectric | r 1o _expose a -portion qf surface of
said first | ay@rr‘,n_l% %WEO%SXSL@%FO‘fpi%l(ﬁf?&f‘%leggﬁsar ?‘:ﬂadelﬁglgfhrnigca Hq%rfgirsy and on
sai d expos@femoftdeds, Whereid foHAiin@ ¢ MbmsA} &sfehi:st | ayer; a second | ayer of
conductive material forned on said binding |ayer; a |ayer of variable

resi stance mat friming doarmyd fonvemoryslemenssyranged jreiovsfand cohanst i ve material
oL, v 20 L SRR CLI L AR e BB Kbt gty U
mat eri al éomemoryoslenetsishdl ayer of variable resistance material.
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
forming a third layer of conductive material on the doped layer of

chalcogenide material.

61. A memory cell, comprising;
a first layer of conductive material,

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



62. The nenory cell of claim61l, wherein said second | ayer of conductive
material is a nmetal |ayer and said binding |ayer conprises an oxide |ayer
and netal fromsaid second |ayer diffused into said oxide |layer. 63. A
menory system conprising: an array of Jenory el ement s, 18ddAY #bfory el ement
including: a first layer of conductive material; a dielectric |ayer forned
on a surface of said first layer; an opening fornmed in the dielectric |ayer
to expose a portion of a surface of said first layer; a binding |ayer
formed on sai d dihepeung fanicdyrraidditlatrichye toxppesed pootion ofa aifrfacaofur f ace
of said firsaflgxer;.a second | ayer of conductive material fornmed on said
bi ndi ng | ayBf ;M #¥%rer of variable resistance material formed over said

second |ayer of 3 paRREWREYEN@SIHBY A kAl dictist MO&d ARl R B PosioriiBh 8f | al
bei ng able to change reSistance under the influence of an applied voltage;

and a t hi rdstxgesrofepiddondayeri ve material formed over said variable

resi stance materjal.,.64. The r stemof clai,m6 erein said
second | ayer of aég(f%’ﬂ_éﬂe\]}8}-0%4{12{{}?%%&‘%?&%%%? pr F%%&ig?ndi‘?\%ﬁg i d bi ndi ng

| ayer conpri sesaaayep¥f d@idbkyREisanee Mbteakl folhedveaisdidsecsidalaywdr diffused
Into said oxide |layer. 48 15 May 2006 65. An el ectronic system. conprising:
a pr ocessofendigHvamarsl yaidvarialle sesigansg maeriah being gbleds ghangsdrHstaRseor v

Syt COTHRA R0y e Ssh ORRIBGY ApeT™, Lrclucingl o st Layer o
| ayer; an openi aghitdlayechfidondwdtive thatériat fomedlcayesaid iyex@Oagiableporti on of a
surface of res;'ssztizlng:e ];nial‘;esr}al.l ayer.
62. The memory cell of claim 61, wherein said second layer of conductive
material is a metal layer and said binding layer comprises an oxide layer and metal
from said second layer diffused into said oxide layer.
63. A memory system, comprising:
an array of memory elements, each memory element including:
a first layer of conductive material;
a dielectric layer formed on a surface of said first layer;
an opening formed in the dielectric layer to expose a portion of a surface of
said first layer;
a binding layer formed on said dielectric layer and on said exposed portion of
a surface of said first layer;
a second layer of conductive material formed on said binding layer;
a layer of variable resistance material formed over said second layer of
conductive material, said variable resistance material being able to change resistance
under the influence of an applied voltage; and

a third layer of conductive material formed over said variable resistance

material.

64. The memory system of claim 63, wherein said second layer of conductive
material is a metal layer and said binding layer comprises an oxide layer and metal

from said second layer diffused into said oxide layer.



a binding layer fornmed on the dielectric |ayer and on the exposed portion
of a surface of said first layer; a second | ayer of conductive nateri al
formed on said binding |ayer; a |ayer of variable resistance naéerial
formed over said second layer of condyctive naterial, Mgy 2899 st ance

vari abl e resistance being able to change resi stance under t he influence of
an applied voltage; and a third |l ayer of conductive material formed over
said variable resistance mterial. 66. The el ectronic system of claim 65,
wherein said second | ayer of conductive material is a netal |ayer and said

bi ndi ng Igger 98ﬂ% tﬁﬁf @ eg¥k9§%?§¥§r and nmetal fromsaid second |ayer

di ffused 'hto Sai d oXl nmet hod of making a nenory cell,
conprising: famiddegson; g{ddrst | ayer of conductive nmaterial; fornming a
dielectric layer on a surface of the first layer; formng an opening in
sai d diel ectri @ MAYFY syPe@oHRled 0 RSMIPesRsass sall MEGMPORLEYSEM CABPIESIRg pls

| ayer; fo é%%e%%h@@%nélﬁ%g{h}lclﬁﬁgsa' d dielectric layer and on said exposed

portion o a sur sai | ayer; formng a second | ayer of
conductive nated%aumﬁmofmmﬂhbnmﬂmmgnhhyer forning a |layer of variable

resi stance mater| sai d second | aye 49 15 May 2006 conductive
material, sai da\flé‘??‘?%q:g F%éi@?‘iﬂﬁésl%’éf?‘é’r éﬁ‘dﬁg?tnléy%fbl e to change resistance
under the infl gﬁpg@lﬁ%f&ﬂleam i it i PiGer t@@?%t;s@ragﬁo?ﬁotﬁofahédrﬁdcb ayer of

conductive mat er sald ayer i ab sistance material. 68.
The met hosaidfirstddkieng a nenDry ceII of claim®67, wherein said second Iayer

AR T IR, I A TN A
layer. 69surfhce®ibad Rt 189 ng a nenory system conpri sing:
a second layer of conductive material formed on said binding layer;
a layer of variable resistance material formed over said second layer of
conductive material, said resistance variable resistance being able to change resistance
under the influence of an applied voltage; and
a third layer of conductive material formed over said variable resistance

material.

66.  The electronic system of claim 65, wherein said second layer of conductive
matertal is a metal layer and said binding layer comprises an oxide layer and metal

from said second layer diffused into said oxide layer.

67. 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 said dielectric layer to expose a portion of a surface of
said first layer;

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

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

forming a layer of variable resistance material over said second layer of



formng an array of nenory elenments; and formng a nmenory cell associ ated
with each nenory el enent, wherein formng each nenory cell includes:
forming a first layer of conductive material; formng a dielectric |ayer on
a surface of the first layer; forning ag opening in the 1diMpedt9d c Iayer 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 a surface of
said first layer; formng a second |ayer of conductive material on the

bi ndi ng | ayerductivemaiangl, saidajaeinble fresisiarics mhatenial beingahlecdo pharge rasistene® sai d

second Iayerdgf e § ngqgt%ve na%q{i$&? sai.d variable resistance materia

bei ng abl e 10 é%fa]ﬁl S PER AP AR é?’ ‘r’f“ﬂle i nfluence of an applied voltage;
and fornming a tfmdng ayidfd RbeCsMdHEIdENE BRI bdér saMElhy&ifdatiapier of

vari able resistance material. 70. The nethod of meking a nmenory system of

clai m 69, vasEstaica madgrillsecond |ayer of conductive material is a netal
| ayer and said binding | ayer conprises an oxide |layer and netal from said
second | ayer diffused into said oxide layer. 71. A nethod of naking an
el ect roni c68yst aife nedligal o fahildng a heniori geldoPeloime 63,0/ herdin@aidGeddndNayer2006
formng a ngnnr system coupl ed to the praocessor, wherein formng the
menory sysPERMdeR{materiabe gimgaldayaepd yaid bindinplaycraoamsises an 968t or ni ng a
menory cel I[la hetaPoif dafl fe@&:tq O0di Hu&laG AR hid JMIEL RlG. form ng each
menory cel y?ﬁ%ﬁﬁ%es: Pornlng a ??stlﬁ%yer of con uct?ve material; formng
a dielectric layer on a surface of the first layer; formng an opening in
the diel ectplc |y ehon 2 rEiRInS: AeRon dyoltnt codpaangC® ©f
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 diclectric 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 a
surface of said first layer;
forming a second layer of conductive material on the binding layer;
forming a layer of variable resistance material over said second layer of
conductive material, said variable resistance material being able to change resistance
under the influence of an applied voltage; and
forming a third layer of conductive material over said layer of variable

resistance material.

70.  The method of making a memory system of claim 69, wherein said second
layer of conductive material is a metal layer and said binding layer comprises an
oxide layer and metal from said second layer diffused into said oxide layer.

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

forming a processor; and



said first layer; formng a binding | ayer on the dielectric |ayer and on

t he exposed portion of the surface of the first layer; formng a second

| ayer of conductive material on the binding | ayer; forn'a%ﬁ%d yer of

vari abl e resi stance material over said,second |ayer of ! Jove
material, said variable resistance material being able to change resistance
under the influence of an applied voltage; and formng a third | ayer of
conductive material on said |layer of variable resistance material. 72. The
met hod of maki fogning ®menbrosyistens yaipdsd tofthepracessgrl whyresn &irmiegihg second

| ayer of conductive material is a netal |ayer and said binding | ayer

conpri sesTEROTIRSER ’Iné‘{b'ng'and nmetal from said second |ayer diffused into
sai d oxi de | ayRimingn ArayRicmé®lelema@andsi ng: a first |ayer of
conductive material; a binding layer forned on a surface of said first

| ayer; a secon@ﬂmaxgeﬂfmémoabmgﬁﬁml@emtér@%h megoReelewsnts herdt ndi ng | ayer;
a | ayer OthU\r/n:rgie%%ﬁmegn%ﬂgél?ﬂl%ﬁl terial formed over said second | ayer of
conductive matetal, sard variabl'e resistance material being able to change
resi stance unfdemirdghefitsofadyeresf@dnaiictae napgidled vol tage; and a third |ayer of
conductive material forned over said |ayer of variable resistance

material . 51 1B5™NHE Ddolctris layesonpsifpse ofdhe fistt layesi m 73, wherein said
second | ayer o QEQHC i : er: i : j indi ng

| ayer conpi i sefgngln OX|@g¥ﬁ§§g?l§ea(%@‘lﬁre?3?ﬁr ﬁ%ﬁog%%&?gg?ﬁg% afgceePéﬂ;i ffused

i nto sai dsabkiigeldyayyer. 75. A nenory system conprising: an array of nmenory
el enents, each_nepory, el em?nt i ncl udi l.ayer of conducﬁi ve

[ L. fi t
material : a bi WARME 4 Bpdinsdayerent igleglije dayes 2nd o PP POrUOL?

the surface of the first layer;

C

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

forming a layer of variable resistance material over said second layer of
conductive material, said variable resistance material being able to change resistance
under the influence of an applied voltage; and

forming a third layer of conductive material on said layer of variable

resistance material.

72.  The method of making an electronic system of claim 71, wherein said second
layer of conductive material is a metal layer and said binding layer comprises an

oxide layer and metal from said second layer diffused into said oxide layer.

73. A memory cell, comprising:

a first layer of conductive material;

a binding layer formed on a surface of said first layer;

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

a layer of variable resistance material formed over said second layer of
conductive material, said variable resistance material being able to change resistance
under the influence of an applied voltage; and

a third layer of conductive material formed over said layer of variable

resistance material.



a second | ayer of conductive material fornmed on said binding |ayer; a |ayer
of variable resistance material forned over said second |ayer of

conductive material, said variable resistance material being able to change
resi stance under the influence of an agplied voltage; arday £896 d | ayer of
conductive material formed over said variable resistance material. 76. The
menory system of claim75, wherein said second | ayer of conductive

material is a nmetal |ayer and said binding | ayer conprises an oxide |ayer
and netal 7fr omIdgimrreeysal of elpim 738 Whersiadaidraecorsbliaperaficdedyctiyer . 77. An

el ectronic .Sl ng, . a .processor: and a nmenpry syste oupled to
the.pr oces SR 8 o f Rl At P BURETRET hamBilfs Jp SREB LT R Ty
el enent, e#&oh SBIBYne | BREHTUSETINUIiADoxide tdyest | ayer of conductive
material; a binding |ayer forned on a surface of said first |layer; a second

| ayer of conductive material formed on said binding |ayer; a |ayer of

vari abl e resgi st %n&gg%%%{e% ng_{gﬁgggover said second | ayer of conductive

material, said resi varl esi stance being able to change

resi stance undan atrhe of niehdey elemehtsaghch ppdnicest cleplena@eludamgl a third | ayer of
conductive nater%al formed over, said variable resistance material. 52 15
May 2006 78. Thé fEftdaysr obrendugiyematsiiakl ai m 77, wherein said second | ayer

of conductive gaiefih@avkStofnbEbRbL shid¥&o Q]]g ﬁ:r?tilgydé?j ndi ng | ayer conprises
an oxide | ayer and ne a? fronlsala secon ayer diffused into said oxide
| ayer. 79. An eheetonddayes of natduceye mawpal formed on aaifl ibirsting ayer, of conductive

material ; an oxide bipding,|ayer forned a surface of the first |ayer,
Wher el n tho. ox) dSY<E PRUFHIS SYelneaEaRuae L B aetiveonl oy Yoas

sem - condugbid(@iiv@Rdterial, said variable resistance material being able to change resistance
under the influence of an applied voltage; and
a third layer of conductive material formed over said variable resistance

material.

76.  The memory system of claim 75, wherein said second layer of conductive
material is a metal layer and said binding layer comprises an oxide layer and metal

from said second layer diffused into said oxide layer.

77. An electronic system, comprising;

a processor; and

a memory system coupled to the processor, said memory system comprising
an at Jeast one memory element, each memory element including;

a first layer of conductive material;

a binding layer formed on a surface of said first layer;

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

a layer of variable resistance material formed over said second layer of
conductive material, said resistance variable resistance being able to change resistance
under the influence of an applied voltage; and

a third layer of conductive material formed over said variable resistance

material.



a second | ayer of conductive material forned on the binding | ayer. 80. The
el ectrode structure of claim 79, wherein said second | ayer of conductive
material is a nmetal |ayer and said binding |ayer conprises an_oxide |ayer
and netal from said second |ayer diffs%lsed into said oxiladdaglie. g1. A
sem conductor die, conprising: a subStrate; and an integrated circuit
supported by the substrate, wherein the integrated circuit includes at

| east one electrode, the at |east one electrode including: a first |ayer of
conduct i vV&.mat Bhd elbctranic spstadeobélaigh g Wisyen stidrsaenhddayes of gendvclvef sai d
first layer, .wherein the oxide. bindi | ayer. can be .mad 0 ive or at
| east senﬁrl?tz?f}\é\{{c}ﬁétnili%l; la%?{d‘ng 5%@(?8}{{8}“3 @3 rc%qp”é%%nu%)flfi%yﬁﬁ%edp?qgﬁ%} fornmed on
t he bi ndi fgmlsaMekcoilayckeffeRaiisenreidcdxade &, of claim 81, wherein said
second | ayer of conductive material is a nmetal |ayer and said binding

| ayer conprises an oxide |ayer and netal from said second |ayer diffused

into sai d75¥>X| dﬁnle@é%de gﬁmt‘é&r{% Qf inf maki ng a nenory cell, conpri sing:
atirst | ve

form ng ayer of conduc aterial; formng a binding |ayer on a
surface of sai glfifst (:8%r bpgoducthenmatagalqg second | ayer of conductive nmateri al
on said binding layer; 53 15 May 2006 form ng_a | ayer of_ variable
resi stance nmat & ¢Hfle bipdimadaysy famssn 3 gykce B?theégﬁdﬁi‘ﬁri WBerFr’é‘ttg? Pxide said

vari abl e §i6ighgiARE EalBl FhlebokBhAGk AL feabihaliRBARISE] Sigance  under the

i nfluence n “app age; an ormng a thi 1ayer of conductive
mat eri al over ssécdnd bayer otfondactivabhaerial deimsddancihe batdang lRer. 84. The net hod
of making a nenory cell of claim@83, wherein said second | ayer of

conductive material is a netal |ayer and said binding |ayer conprises an

oxide | aypr afgk ABLAde!ABURBS FLISRLTE WHeANREaidsédond §&ct BE Sorkidbavexi de
| ayer. 85. A nethod of making a nenory system conpriSing:

material is a metal layer and said binding layer comprises an oxide layer and metal

from said second layer diffused into said oxide layer.

81. 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,

an oxide binding layer formed on a surface of said first layer, wherein the
oxide binding layer can be made conductive or at least semi-conductive; and

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

82,  The semiconductor die of ¢laim 81, wherein said second layer of conductive
material is a metal layer and said binding layer comprises an oxide layer and metal

from said second layer diffused into said oxide layer.

83. A method of making a memory cell, comprising:
forming a first layer of conductive material;
forming a binding layer on a surface of said first layer;

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



formng an array of nenory elenments; and formng a nmenory cell associ ated
with each nenory el enment wherein formng each nenory cell includes:
forming a first layer of conductive material; formng a dielectric |ayer on
a surface of the first layer; forning %? openi ng in theldMayed®bic 1ayer to
expose a portion of a surface of said’first layer; formng a binding |ayer
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

| ayer; form ngfaumimgy®ayerf ofdapieblectastamganiterdal maeesaidisecond tayer slecond | ayer

of conductive materjal, and fqrmng a third. .er of .conductive materi al
on the | aytndiptiiBeisar i vanif i biet Melariel BARE ofle 1R ERRS "SRl g 2
nMenory systefs te inf1aédPe 3% an WHSHQ vd1aad; dngonduct i ve  binding | ayer conprises
an oxide layer and netal fromsaid second |ayer diffused into said oxide
| ayer. 87. A nefommingd thiddayry odnordustve matesiabyer spid lexonpf vaiiahWle 54 15 May
2006 formpegﬁ%ngro% ess%r; and formng a nenory system coupled to the
processor, R ing the nenory systemincludes: formng an array of
menory el enments; and formng a nenory cell associated with each nenory
el ement, wherein form ng each nmenory cell includes: formng a first |ayer
of conduct e nhhemetiod o raking memoRarelyof Agiay 8% wherain paid secopd 13t g £ r st
| ayer; for{)]?&%dﬁctfv%(iﬁﬁgri 13Y § Ine?dl IGRPHLEL; Sm%:g%y/&'coﬂ@rig@s'ﬂl&igé" ng layer;
formng a lT'ayer of variable resistance naterial®” over sald second | ayer of
layer and metal from said second layer diffused into said oxide layer.

85. 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
cach 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 a surface of
said 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.
86.  The method of making a memory system of claim 85, wherein said conductive
binding layer comprises an oxide layer and metal from said second layer diffused into

said oxide layer.

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



conductive material, said variable resistance material being able to change
resi stance under the influence of an applied voltage; and formng a third
| ayer of conductive material on said |ayer of variable resistance
material. 88. The method of making an electronic systemlotMay 2Pt 87,
wherein said second |ayer of conducti've material is a netal |ayer and said
bi ndi ng | ayer conprises an oxide |ayer and netal fromsaid second | ayer
diffused into said oxide |ayer.

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 binding layer on a surface of said first layer;

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

forming a layer of variable resistance material over said second layer of
conductive material, said variable resistance material being able to change resistance
under the influence of an applied voltage; and

forming a third layer of conductive material on said layer of variable

resistance material.

88.  The method of making an electronic system of claim 87, wherein said second
layer of conductive material is a metal layer and said binding layer comprises an

oxide layer and metal from said second layer diffused into said oxide layer.



