1 ELECTRODE STRUCTURE FOR USE IN AN I NTEGRATED CIRCUI T Field of the

I nvention 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 electronic systens, nenory systens
and the |ike. Background of the I nvkntion 10 In fabricating integrated
circuits, sem conductor chips and the |ike, chem cal/nmechani cal

pl anari zation can be used as an internediate operation to planarize a

structure to provi | £ f nt processing
operations in the gﬁ@éﬁ{m Wﬁ@iﬁm@@&gm I nt egrated
circuit. For exanple, electiNIEGRAEBEB:CIRGUIdont acts between different
| ayers of conductive 15 nmaterials in a sem conductor chip can be forned by
depositing a first layer of conductive material, typically a netal,
al though a seni conduct or nat eri dileldgfghglnvention oy 55" el |, and then
deposi ting a thinpyg p‘?%]s%&tiﬁdeﬁtiér?r)éﬁfes ?éﬂ%fall& esefiidontiuctarnglipetidve | ayer. The
dielectric layer 1's‘then patterned to format |east one opening in the
di el ectric | ayepratedcienits sl mong paticdarhop aﬂﬁl@"%‘lﬂeﬁ‘é@é‘%?ﬁt“ﬁ U i rst conductive
| ayer. The 20 openjn an ha | gpkdd to width. For
| nst ance, th@t?%ﬁﬁ#ﬂ%m%glﬁ:ﬁﬁ%ag ?u@kg?@gﬁ%g ntle@m'sg[féd%ut only about 500
angstrons deep thus presenting a aspect ratio of about 0.1. A second |ayer
of a different conductive mategri.al i% el éﬁ&pited on the dielectric
| ayer and in the opening on tHa4H 2 | ayer to make el ectrical
contact t{yough theaRaRgdteplated clrbiftsf seifdonduetod vhips ard thaliies . The 25 second
conductive layer is then renoved formthe dielectric. | g%ﬁio of planarized to
expose the dickdmiealimeshanigpbplangrigatiop cambensethasia@dntgrmedialy WIS or damascene
comact St dEhiig a'sﬂ'uéc}{ﬁ% t@,g%omegum&ﬁar Rval WisRe &n Bibseqleni edebsing oper at i ons.
e c

I n renovi ng secon onductive layer by chem cal/ mechani.c%l processi ng
or pl anari zabpentiqnEifhe manufacturing of a semiconductor chip or integrated circuit. For

example, electrodes or electrical contacts 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.




the forces created by the CMP process can have a tendency to force the
conductive 30 material of the second |ayer out of the opening thereby
destroying the contact. Accordingly, for the reason stated above, and for
ot her reasons that will become apparent upon readi ng and understandi ng the
present specification, there is a need for an el ectrode structure and
nmet hod of fabrication that provides substantially inproved adhesion
between a first |ayer of conductive material and 5 second |ayer of a

di ff erent conduct i ¥ecardinglyi fat the peaseri ssattdaboye, dud fonother r&bnsthavalli on, and
t hat does not . b VI bet ween..t he t | ayers or
create an el g%ﬁ@?&ggﬁk&gﬁldl&gg?ﬂg&l%grg%ﬁdsl%g %gﬁlg%e&wpg?lﬁggf?ﬁttn%ﬁ Bof
fabricating amneédefot amelectrodé stictune andirhaliodddE&bricaion eaf provides danage ot her
conponent s t hat |.ready.have been fo d on_ the sane wafer or
substrate ands?ﬁﬁgﬂ@é?"ﬁ%’%d ﬁ%ﬁP%E?tVe"é‘faf%gtﬁaxeﬁgf"f Yetkomaerdarhg process
by requirirsy secoh@Riyér of ariffenettbidubivedshiiral, pAatulRlyQROIHE a CAMCSFEALBAS -
Sunmary of the @\G/trecgtgi on The above nentioned problenms with el'ectrode

structures ar 8%Ha4ossReY 2dyersehieffenithp panduntivity hewprn thmtvenriayen aricropis
under st ood by af gi@stiiod bavrer. SEHeRME ngoﬁﬂé‘edff&]alrﬂé%déﬂ)éf%ﬁ@&%]nf | fifebfdhe El €Ctrode
structures, menory cells and systens are provided by thE  preésent invention
t hat exhi bit goistirathabdaes notiefliecteos dardigefotherenmpooentiutbstimay dlmsdyrhave dur i ng

manuf act uri ng | 1.t hout e Co ctivi et ween t he
| ayers bei ng g%ggé@%%d& ﬂ?ﬁ%&@g&?ﬁ%@‘é‘%&e %‘Iﬁﬂfa;g?eisélg{]%?@“ﬂy 8&% @8 provi ded
by the 20 ¥r emenifaitmireyproass iyhatuitng asgnificmentseey ofekitigiohal 9kddeys conponent s
t hat may have altready been formed on a sem conductor die. In accordance
with the pres®ff®°%¥ention, an electrode structure includes a first |ayer
of conductive material and a dielectric layer fornmed on a surface of the
first layer. An opening is forned in the dielectric layer to expose a
portion of the 25 surface of thawnmacyofthebyventiomyi nding | ayer is forned on

the dielectric |aypfe 806 AbhtichtEprEBAS Rl ngcétfoidgg'tnﬁturésm?e s @geyof the

first layer and a second layer of conductiv
15  the present invention and will be understood by reading and studying the following

specification. Electrode structures, memory cells and systems are provided by the
present invention that exhibit good adhesion between different conductive layers
during manufacturing operations such as CMP without the conductivity between the
layers being adversely effected. Methods of fabricating are also provided by the

20 present invention that do not adversely effect other components that may have
already been formed on a semiconductor die.

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

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

In accordance with an embodiment of the present invention, 2 memory cell,
includes a first layer of conductive material and a dielectric layer formed on a

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




material is formed on the conductive binding layer. In accordance with an
enbodi nent of the present invention, a nenory cell, includes a first |ayer
of conductive nmaterial and a dielectric |layer forned on a 30 surface of the
first layer. An opening is formed in the dielectric |ayer to expose a 2
portion of the surface of the first layer. A binding |layer is forned on the
dielectric layer and on the exposed portion of the surface of the first

| ayer and a second | ayer of conductive material is forned on the binding

| ayer. A layer of. doped chal cogepi de material .is faornmedq on tf econd | ayer
o conduct | ve. REHER PR SHCas! B W lygty A et HQURIet o8 IR arFE | s
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anot her enbodi nent of the present invention, a nethod of naking an

el ectrode, conphqosdestive mpierislds fermed-an the bipding bwere dnlayaref depefhat er i al ;
formng a diel ggidy &ﬁ@ﬁﬁéﬁﬂi&lfan@droiu%e%dﬁ%éﬂcm&uch xgitﬁa‘é Qfdd ng an

opening in the 10 dielectric layer to expose~a portion o surface of
the first | &yethirdfiayenefirgnductivendatenpl id fayeed oorthe layer df diped ehalaggéngdeer and on
t he exposed por%&g& of the surface of the first layer; and form ng a
second | ayer of “Conductive material on the bi ndi ng |l ayer. The el ectrode
structure can be arineedoedined with apttRcérmbbdimsmpef thé present Diwentiopraansher m ned
time period toaég se conductive nmaterial fromthe second Iager. to be

di ffused into B SFAY PorpRtses: formingrafirst layshetgopficargmatstithuct i vi ty

bet ween the fifosthingRAWiIQER 1elyer 60 R SiHace ¥Bthd AXERSer; fofniaf aPosbAREEn et h anot her
enbodi nent of the present invention, a nethod maki n% a nmenpry cell,
fo
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time period to cause conductive material from the second layer 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, a method
of making a memory cell, comprises: forming a first layer of conductive material;
forming a dielectric layer on a surface of the first layer; forming an opening in the
20  dielectric layer to expose a portion of the surface of the first layer; forming a binding
layer on the dielectric layer and on the exposed portion of the surface of the first
layer; forming a second layer of conductive material on the binding layer; forming a
layer of doped chalcogenide material on the second layer of conductive material;
and forming a third layer of conductive material on the layer of doped chalcogenide
25 material. The layer of chalcogenide material can be doped by annealing the memory
cell to cause conductive material from the third layer to be chemisorbed into the
chalcogenide layer.
These and other embodiments, aspects, advantages and features of the
present invention will be set forth in part in the description which follows, and in

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




| ayer of doped chal cogenide material on the second | ayer of conductive
material; and formng a third | ayer of conductive material on the | ayer of
doped chal cogenide 25 nmaterial. The |layer of chal cogenide material can be
doped by annealing the nenory cell to cause conductive material fromthe
third layer to be chem sorbed into the chal cogenide |ayer. These and ot her
enbodi nents, aspects, advantages and features of the present invention
will be set forth in part in the description which follows, and in 30 part
w | |. becone ap : i | i e
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pr ocedur es, andﬁ%%%éﬁﬂggggﬁgg%a??ggﬁ?é&?%?%@iﬁ?%g&ﬁgﬁggﬁﬁﬁﬁﬂzggg%%nded
clainms. 5 Bri efouDmshe appendad cliimé.he Drawi ngs In the draw ngs, |ike nunerals
descri be substantially simlar conponents throughout the several views.

Li ke nunerals having different letter suffixes or primed (X ) represent

di fferent occurrences of subst ggef BéskdipGénief thé Depwiagnents. 10 Figures 1A-1C
illustrate the operations in formng an el ectrode for _use in an integrated
circuit in accor danéwthgidravingseliknrugsrals depcribg substantip]ypimba compesents| yst r at e
the operations u%mﬁmhege@ram%aﬁm@%ﬁermeHm{ gifieleht Ibfr 36igEAANCE Wi th an
enbodi nent of the present invention. Figures 3Ag-3E IllTustrate the
operations in frooed (¥ )aepressgt differsisioecumendss pf subStantially similaz corapaneise with
anot her embggli ment ¢y 416 IE7RAk BYSALLORS i oBHES of lefirdlic SHREMRLLC

di agram of a nenory s%/s em i ncorporating a progra Bi°e menmory cell in
accordance w t lintegretef cizSieihin atcovdantd with thEp@eeneinventiona top vi ew of a wafer or

substrate containing, sem _co ctor dies ., .
%1gures 2A—Bqﬂustrate the operations in forming a programmable memory

cell in accordance with an embodiment of the present invention.
Figures 3A-3E illustrate the operations in forming a programmable memory
15  cell in accordance with another embodiment of the present invention.
Figure 4 is a schematic diagram of a memory system incorporating a
programmable memory cell in accordance with the present invention.
Figure 5 is a top view of a wafer or substrate containing semiconductor dies
in accordance with an embodiment of the present invention. |
20 Figure 6 is a block schematic diagram of a circuit module in accordance with
an embodiment of the present invention.
Figure 7 is a block schematic diagram of a memory module in accordance
with an embodiment of the present invention.
Figure 8 is a block schematic diagram of an electronic system in accordance
25 with another embodiment the present invention.
Figure 9 is a block schematic diagram of a memory system in accordance
with an embodiment of the present invention.
Figure 10 is a block schematic diagram of a computer system in accordance

with an embodiment of the present invention.
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I n accordance with an enbodi ment of the present invention. 20 Figure 6 is a
bl ock schematic diagramof a circuit nodule in accordance with an

enbodi ment of the present invention. Figure 7 is a block schematic di agram
of a nmenory nodule in accordance w th an enbodi nent of the present

I nvention. Figure 8 is a block schematic diagram of an electronic systemin
accordance 25 with another enbodi nent the present invention. Figure 9 is a
bl ock schematic diagram of a nenory systemin accordance wth an

enbodi ment of the present |nvent|on F| gur & 10.js a block schematic di agram
of a conputer systemin accor dBe he Embediments-nt of the pr esent

i nvention. 30 4 Desgitphligninglichliéy d%m?%mwprmnw@nﬁdm@w Rierélet ai | ed
description of the pre erreé1 | men reference is made to.the
acconpanyi ng drsanadngsthmac@mphmﬂm@ta\wagswhlid?@mapaﬁéerﬁﬂﬂmIBI’Wh@‘S shown by

way of illustr specit Is | Réd Ray vy be 5
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under st ood that t her enbodi nents. can be cess or

mechani cal chaf ?‘W%OMBCG'&?WHWHPH&B‘EQHHO @ﬁ??ﬂggts?%ge of the
present i nvent p@podichBts bAIHTRuiNAddnd &ﬁﬁbro&uéﬂ&trﬁe%hﬁnwsaﬁnge% ntdyde e owi ng
description include any base sem conductor 10 struc&g%e. Both are to be

under st ood as W#bWﬁdPIP?@'“@ frore 3}?-36%-3@5%‘5 Breseat inextion. SHBY Bafgr and
silicon-on-insyl bg{r ggeﬁgé)hetfﬂ 1?# tlBrk"in@luflé Wﬂﬁ@d&ﬁl&h@ﬁct&TFT)
e undope

t echnol ogy, dap con uctors epi taxi al _I ayers of a silicon
supported by astamsme. sBmh@MdbeumerstMW\mPhdmgskbpm?n'% @3¢t or support

structures wel | known 0. on. SkiihS€ohtechiog, tin FH LRRIFR (T When

reference is

technology, doped and undoped semiconductors, epitaxial layers of a silicon
supported by a base semiconductor, as well as other semiconductor support
structures well known to one skilled in the art. Furthermore, when reference is

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

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

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

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

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




15 made to a wafer or substrate in the follow ng description, previous
process operations may have been utilized to formregions/junctions in the
base sem conductor structure. The follow ng detail ed description is,
therefore, not to be taken in a limting sense, and the scope of the
present invention is defined only by the appended clainms. 20 The

transi stors described herein include transistors from bi polar junction
technol ogy (BJT), field effect technology (FET), or conpllnentary

met al - oxi de- seni conductqor (CMOS) techno ng&onductor

(MOS) transi sacHvats the I“'&E%ﬁora?nﬂ gversing the 9"&“9%{9&8"1(&"8[5%’3 ¥ ?jvoslt%% econd node

(source). SinCgdate MR chb@RPirssRior ifSn N/ eHafiieh MOStraiRIDR is subsitutetefof e, the
true designation of "source” 25 and "drain" is only possible once voltage

i s inpressed ofchangelttaansistoml s. The designations of source and drain herein
shoul d be interpr etfg,.d NeG &I Gae il bBEioMiPRARRE of ERoFedelusmitoubsl al so be

noted that a P-chan ransi st or " cou alternati vel be used for an
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negati ve gate FoHiE IR Cesdr apey. Do uaieh AP et P01 0% 5
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voltage to activate an N-channel transistor if an N-c ansi st or
i s substit ut edisfemed on thedfrsteaaductiyelayer i{’ e@?ﬁ?ﬁ’é@*"iﬁ%&"mqet@ ‘{e t he

operations in Jgﬁgg{fﬁ’cogrfutﬁh@&t{ s‘?ﬂﬁmﬁﬁ&é&ﬁ{&ﬁa&eﬁa@%hédlelecta@mwdam«se with the

present invention ure 1A first layer 102 of conductive materi al
i s depositdd opatemedrby Staﬂ'daed phqttmthqgeapbuc techmiqess of thedike £9 foam 2jJgIskei€al can be
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formed on the fRFEe a er ectric |ayer 104 can be a
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the invention is not limited to such aspect ratios. A layer 110 of oxide is formed on
15 the dielectric layer 104 and 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 a
precursor, such as tetraethyl orthosilicate (TEOS) or the like. The oxide layer 110
can have a thickness between about 50 angstroms and about 200 angstroms. A
second layer 112 of conductive material is formed on the oxide layer 110. The
20 second layer 112 of conductive material can be silver, nickel or another metal or
conductive material that can diffuse into the oxide layer 110 and bond to the oxide
layer 110.
In Figure 1B, the electrode structure 100B is annealed in an inert ambient
environment at a selected temperature for a predetermined time period. The inert
25 ambient environment can be nitrogen, argon or some other gas that is non-reactive
to the materials forming the electrode structure 100. For an oxide layer 110 of
TEOS and a second conductive layer 112 of silver, annealing at about 350° Celsius
for about ten minutes provides the proper amount of diffusion or chemisorption of
silver molecules into the TEOS to make the oxide layer 110 at least semiconductive

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



opening 106 through the dielectric layer 104 to expose a portion of a
surface 108 of the first conductive |ayer 102. The opening 106 can have a
width "W or a diameter that is significantly larger than a depth "D' to
provide a small aspect ratio; however, the inventionis not limted to
such aspect ratios. A layer 110 of oxide is forned on 15 the dielectric

| ayer 104 and on the surface 108 of the first conductive |ayer 102. The

oxi de layer 110 can be a silicon oxide deposited by the thernma| reaction of

a precursor, lawshl03end b2 Jde yide byerHd 8 therefore comyeriey inde 2 eoNdUgHVREL  The

oxi de |ayer 11 hav | ; goNd about
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oxi de | ayer 1Xfuctile@0@® carhzanntaled peempdratures aciowds ebout é30tdiebnisal can be

silver, nickel or another netal or,. con.dg&téég rrq!la_lterial thaf can diffuse
cAleve

into the oxi d&otm{raperREe IAeYsh e e perie SHRPCISWIOf | i gure 1B,

the el ectrosle gihidehisEwiORBrich IGHERaRas ihdreRig itieemiouanditimd ovemth forr onment
at a selected tenperature for a predetermned tinme period. The inert 25

anbi ent envi r ShrBFRUfACHIFNG BroRessy égasém&%@ﬂﬁm%%“%maﬂg "B hat is
non-reactive tltgmé)e?ﬁm%ﬁ&{nh@ Stiot QAT WljusRe é&éo%ﬁalrtﬁéiﬁte%alaﬁfouﬁt%floo- For an

oxi de layer 110 'of  TECS and a secondjcon uctive layer 112 of silver,
anneal i ng at aliffusion®5cheBasozption of fgleculborfithe condustivemaisrighosmeib ofhe proper

anmount of diffusion.or chem sorpt i i q@'bﬁe‘% tukdYnQ tikdae TECS to
make the oxi déﬁ'ﬁsaegcgﬂd??fb%ﬁ%ﬁ%xx@@@%&%@&%% ngbgrg to not create an
el ectri cal 1barpeiiet arbatsoveststed lndthfconsideratiod of etharndmponediscand vubseqentayer s 102

d 112. The oxide. | 110 is theref ted int i
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el ectrode st raugddybeenBRFdGAN Wderdh B A &ductbr diesqrritatautdxeswdisnl ow as about
130 Cel sius or roomtenperature; however, the ti rreqpl)lﬁr,i od to achieve the

proper | evel @idionahpioressing Ppes#tions thet wanldinersase shefost 3PAEMEIY i ncreasing the
anount of tine gusrald, Jeﬂi'icon{tf&?or@ﬁﬂm acturing process. According to the
present invention, the annealing )
15 In Figure 1C, the electrode structure can be planarized to form an isolated
electrode structure or damascene layer 114 and to form a level or more uniform
surface 116 for subsequent processing operations. The planarization of the electrode
structure 100C can be accomplished by a chemical/mechanical planarization (CMP)
process or the like. In accordance with the present invention, the binding layer 1 10'
20 is selected to provide sufficient adhesion between the first and second conductive
layers 102 and 112 to prevent the forces created by the CMP process from forcing or
warping out the damascene layer 114.
‘ In Figures 2A-2D, the process operations are shown to form a programmable
memory or metallization cell structure 200 in accordance with an embodiment of the
25 present invention that can be used in a memory system, such as a 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 can be a
semiconductor or polysilicon material. A layer 204 of dielectric material is formed

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




tenperature and tinme period can be adjusted to control the rate and anpunt
of diffusion or chem sorption of nolecules of the conductive material or
netal from the second layer 112 into the oxide |ayer 110. The annealing
tenperature and tinme 10 period are also selected with consideration of

ot her conponents and subsequent processing steps so as to not adversely

ef fect or damage ot her conponents that have already been fornmed on a wafer
or sem conductor die or that would result in additional processing
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silicon nitridggpf fFRRIHN @ andixfleGRll Bitfbits BO6d alinedidtriolah oxlday The s%@éhdl S

selectively patterned by standard photolithographic techni qbues or simlar
mat eri al r enovadnductive layer can have a thickness between about 0 angstroms and about 5
15  angstroms depending upon other parameters or features of the memory cell 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 TEOS and a second
conductive layer 212 of silver, annealing at about 350° Celsius for about 10 minutes
provides the appropriate level of diffusion or chemisorption of silver molecules into
the TEOS oxide layer 210 to make the oxide layer 210 at least semiconductive so as
to not create an electrical barrier between the first and second conductive layers 202

25 and 212. The oxide layer 210 becomes a conductive or semiconductive binding
layer 210" as a result of the annealing operation and provides stronger adhesion
between the first and second conductive layers 202 and 212 as a result of the
annealing process for stability of the structure 200 during subsequent manufacturing

operations such as CMP. As one of ordinary skill in the art will understand by

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




techniques to format |east one opening 206 in the dielectric |Iayer 204 and
to expose a portion of a surface 208 of the first conductive |ayer 202.
The opening 206 can 5 have a depth dinension "D' that is rmuch snaller than
a wdth dinmension "W to define a small aspect ratio of depth to w dth.
The invention, however, is not so limted. A layer 210 of oxide is fornmed
on the dielectric layer 204 and on the exposed surface portion 208 of the
first conductive |ayer 202. The oxide |layer 210 can be a silicon dioxide.
The oxide |layer 210 can have a thickness b%%meen.abo t. 50 10 aqﬂ§trons and
about 100 ang®eeditsed 8 coniee)the miggad amaunt gf chemisaIREPT USINEROL PO  f or ned
on_the oxide lrx?z%(&{al 248 @ eddd chificORAN £ 91 2% thd HEISIEFRNL0 s@NUBS i ve | ayer
212 can be a netal, such as silver, nickel, polysilicon or other conductive
material t hatontsol dtiefifnpadtioh previously fmmed steistuses@r dxigep PR SedddRd ©hdhesi on to an
oxi de. The second Q Cli Vi | YRRN about 50
angstrons and S&’B%‘}ﬂ?c{:ug@g&fé' égcﬁlé%?/og#f eﬁencf?ﬁgldh%gﬁ%%ﬁh%lr%r ameters or
features ofs t hendiEn@pryces|the iultingtconductiddifindinglaergie' defi®s an plectiediory cel |

structure 200B is anpeal.ed, at a selected t ratu f det erm ned
time périod i FOHACtOREL aﬁﬁ%?%?ﬁ“‘é%?@ﬁﬁ%%ﬁ%gﬁmkgﬂﬁ?% %bdgjnl?' argon or
some ot her gas t haiy FiguRQ; § 896121401 EaldoBéhideailas matefialfioformedort theo20 cel |
structure 200. As an exarTF_ e, for_ an oxide | ayer 0, of TEO? and a second
conduct i ve | ayhkssepong cepdugtiyslayer 24 andip itheppsping A0, (i YO s for about 10

m nutes pr OVicﬂﬁﬁogﬁ{ﬁge g{&g%:ﬁ@g@%kﬁ Be eﬁ%mmmgg drlidéSGe/SePy, whBRIN Bakpt i on of

i
silver nolecules i 0S5 oxi de layer 210 to make the oxide |ayer 210
at | east s&hi conwotrationof gormaniumand ieX isgheeoneentiption of selenidedl INRfer i er bet ween

the first and secand conductiyv A 2dd theR6ncentkAlign | ayer 210
becones a con&ﬂg?&§5m%FCI§" g%nabgﬁﬁé%(%?%&%%Sﬁ%ﬁgyer’gEO' as a ?esult of
t he anneal i ng rapesfakintanivanth selenie darcbeHetwrey eloun tfidsindrabowsdifi€eA t he fi r st

and second conductive |ayers 202 and 212 as.a result,.of . ;anneal i ng
process for st *a}"iry?lﬁf’}( ‘E‘}’i‘g““é‘t‘f? H’(?feﬂl"‘és gﬁ@“ﬁ?ﬁ %i’ﬁ Saygrﬂg'eaiﬁgﬁ?mrmn uf act uri ng
operati ons SuGBpdititByer236 eoed mAAIQhepds)ileee didkel ot ahdtherandtalubatis under st and
b ‘ .

Y 15 diffusible into a chalcogenide material. The layer 214 is doped by annealing the

memory cell structure 200C to cause metal or conductive material from the third
layer 216 to diffuse into the chalcogenide layer 214 to a selected concentration. The
annealing process can be ulira violet annealing or a similar annealing process. The
annealing process also improves adhesion between the third conductive layer 216
20 and the chalcogenide layer 214 resulting in a highly adhesive cell structure 200C
that can withstand the forces or pressures applied by subsequent manufacturing
operations such as CMP.
In Figure 2D, the cell structure 200D is planarized to form an isolated cell
structure 200D or third layer contact or damascene layer 216' and to provide a level
25  or more uniform surface 218 for subsequent processing operations. The cell
structure 200D can be planarized by CMP or the like. A fourth layer 220 of
conductive material can be formed on the planarized surface 218 and in 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




30 readi ng and conprehending this disclosure, the annealing tenperature and
time can 8 be adjusted to control the rate and anount of chem sorption of
silver or conductive material fromthe second conductive |ayer 212 into
the oxide layer 210 and to also control the inpact on previously fornmed
structures or devices on the wafer or sem conductor chip. Because of the
di ffusion of conductive material during the 5 annealing process, the -

resul ting conductive binding | ayer 210' defines an electrical contact or

i nterface between the first and second conductive |ayers 202 and 212. In
Figure 2C, a | ayer . Lde; el stlewhi$s 220rdofng the t he on
the second co 185@\%2%}1%{%@&;%%9%2%?53@?Liggl?ggﬁflng 206.  The Iaﬁger 214 of
chal cogeni de ghmstingpbe@ss. dh tiamaer, ge isetatipnas dielpatng i sequitgd@stvedR Ay her e X i s
the 10 concentrati.on qf germapi u 7 X ¥ of

sel eni de). | n“?ﬁ’?liﬁal "%‘ﬁ%&%ﬁ RAE 8158@8‘?%?%%2?)%&%g%g%f%ﬁ%tlﬁe present

i nvention, theG@RCE0MEA WAl netaitate afiitigeal pereess stepoafisethe MR oREERHIBe bet ween
about 15/85 and about 40/ 60. A (It)hi rd l.ayer 216 of conductive material is
formed on theapdiedore thedouriihlaysr 320 B fomsduct i ve | ayer 216 can be a netal

such as silver, nig Fxles Ok -RNOLNGHe thedRtatibivh firmidka odrimsbbie eemono a
chal cogeni de materi '

. The layer 214 is doped_by anneal i h nory cell
structure 2006€:l wwaa@@rm@@m¥mo€@hmmdim@t pEE Presgnt F‘P’?}'R\%Phg?foﬁggd | ayer
216 to diffuse i”{,&ti,ﬂ)%]&&, r&}éﬂﬁ%@h&{ﬁti{rﬁ%ﬁ%ﬁﬁ%ﬂ;ﬁnﬁn§6ﬁQﬁl’sﬂdw@ltsmfentrat i on.

The anneal i nSr%CPoce s can 'be ultra violet annealing or a simlar annealing
process. The timrupedihg inghpdieteetsis laybrs dn Figuredle  fiss Rengduetived®tetd¥niSt he third

conductive_ layer 216 20 and.the chal | de _L.ay. ddeNgrin a

hi ghly adh¥i %‘Eff@él ?h%’%)‘isﬁ%?‘ﬁ‘r“’é“’%%éﬁ %07 %%[%"gaa‘ﬁ&% st%ﬁhst%;téﬁrs ?ﬁ’e% forces or

pressures appkheitke ot aSeRSREURN: mhnidf @gblysiliog. Afist ditlearis layerci®4as CWP. |

Figure 2D, the cell structure 200D is_plangrized t o] | 0l ated cel

structure 200bawne enf qieh Tatgieformed gnthe ﬁ%FC Ffé’é’ﬁgﬁgcﬁ@%&gé%gﬁéand to

provide a | evﬁkelec?rfélwerﬁaéﬁavﬁ@afseédﬁu%tehfras@ {3k dlon thefirbisidertritt layarocessi ng
ce

operations. The . _ . .
304. In accordance with the present invention, the etch rate of the first dielectric

n
I

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 forma
conductive binding layer 312". The conductive binding layer 3 12' provides electrical

30 contact and adhesion between the first and second conductive layers 302 and 316
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structure 200D can be planarized by CW or the like. A fourth |ayer 220 of
conductive material can be fornmed on the planarized surface 218 and in

el ectrical contact with the third |layer contact 216'. The conductive
material or netallization of the second |ayer 212 forned on 30 the
sidewal I s 222 of the opening 206 can be mnimzed by the deposition process
9 and is substantially diffused into the oxide |layer 210 on the sidewalls
222 during the annealing process. In this manner, no isolation or
dielectric is required between any residual netallization on the sidewalls
222 and the fauihp sﬁbay@femq;‘rodé@sihcgm&aﬂmsmm}easim.zaﬂpmﬁauslmﬁﬁuéﬁe%éhféssi tate

addi tional process steps after, {he ratio and ore the fourth
| ayer 220 is fa@n??é'agtm&cﬁhgsm@&!%@%%a@{?ﬁa@°Pﬂ&°‘§\8€?‘§?‘?@f£s in forming a
progr ammabl e r@?lQRstrﬁtiGﬁbfmanm&@ctﬂé’sQﬁbdﬁlmﬁle\l\dybmlamﬁd Redoneetiticdimgasit of t he

present invention that forms a reentrant profil eé#ﬁo revench‘gtco ductive
materi al fr om dnothdrcgmpenentsor devikesalrgady frmed pruthe Walsy HFeIFORHEOLP B ect r i ¢

layer. In Fioure 3A e [d 4150 GAPIHCIHARNEL o3l uakctial R hrdielosticBhe i1t

conductive Fayer 3 a such "as ;ungsten, nickel, or the like,
or a sem conduté sscombtondiaive tayerii6ysd inithoopening 80§. sthedaysr 8% i ¢ | ayer 304

cecond _di el ecUrlcpE iyl S R Ha A b Eerblih SIS BRI e BT, B
first dielectrigacdnid@én of¥eAnaniin aRiCIoK dethe eonskrtiativef splesidehtAsi nvent i on, the
etch rate of the first dielectric %St I%%SO? iesrfa§t%r thqg the etch rate
of the second RIP‘@P‘&%@F‘&‘S?FQ%PW 198 to the &38f {he Proseqt EVERIPE- BB when t he
first and sgcongdcdingliGfiatib 6f dokeiHitm aD1eAl cB06e kwses aba I 5/8%and abputt t er ned
to forman opening 308, the 0 enlgc%)ushas a reentrant wi.th sidewalls

3 ] [ e¢ profil
310 that angl e40860 kA third:lpyer o @‘@@%ﬁ%&sfma’%ﬁﬂn’?ntﬂ%?l%g%se e first
conductive | ayep . ' ' L¥RE of Bndtite meRrHad
dielectric | astéfrd§ gtrll\@l%}ﬂeY%S %#%ggénggagh g&% g’%fe? _portoi on 314 of the first
conducti ve | ayiedifiRidblé intd dhalopgenidegnadeigl. Thetayenkiddedopsy by anpeslingdhe pe a

silicon oxide. m'eb\mgr?rccce)ﬁ gtnllc rg l’300?1} ?o c%\]:se%r(l)ert]g (4 éoin\d&ctive material from the third
15 layer 320 to diffuse into the chalcogenide layer 318 to bond the two layers together
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 3 12',
Because the chalcogenide layer 322 is doped with a metal or conductive material

30 such as silver, the voltage causes the dendrite 326 (226 in Figure 2D) to be formed
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material is formed on the oxide |layer 312. The second conductive | ayer 316
can be silver, nickel or another conductive material or netal that is
diffusible into an oxide. Because of the reentrant profile of the opening
308, the second conductive | ayer 316 25 and oxide | ayer 312 cannot form on
the sidewalls 310 of the opening 308. In Figure 3C, the cell structure 300C
is annealed at a selected tenperature for a predetermned tine period to

cause netal lization or conductive material from _the secondﬁ@g@[clﬁ tive

| ayer 316 to i shbdsicuihthe twhelewsodess20'apd P03 [EheresigtaichpYoss @ e binding
| ayer 312'. The .conducti.ve Rty iGasteshgtabb@al 30
contact and a ﬁseté 0 1a%edtb\xegﬁlyp%e |C{F§t¥%§ing§%§£ocon condlfctlve | ayers 302 and
316 10 duri ngosodsiens)cTte rpsistanes of gll3p@that as net beer biased amd/fs in #50R5R evi ousl y

di scussed, the anneal., r at 1 o control
the amount of l§6‘?°p‘?iiﬁ‘%%ﬁ?°@ﬂﬁ%&ﬁre%”” 1 eﬁ)g?lﬁéeb ox%ﬁ% Itaayer 312

and to contyg olvol'rtggehhﬁ%ﬁbpplié&t@fohﬂﬂle%mmcﬁnmprﬂwladwc hhnderdy f or med on
the wafer or sem conductor chi

In F| 318 f
chal cogeni de gn@rggrameérorgpen@loﬁ?ﬁ%depaﬁ L3 °%‘h° ?ﬁ@rage%}?fﬂﬁa%&nduct i ve
| ayer 316 andcarsddﬁsr&eggweﬁlg%mgx% beupBliedtd treiecrobaizanganttiayl ass

mat eri al can ef mani u X, where X is the rientration
of germani um atwd:ell 360 tcscatlmufﬁ‘}méﬂmea&tp 8ﬂW@Pf°’é@ @ﬁ?ﬂ@oo t%éem"bp’@ usly
di scussed, ac fe BERSRY26loPYGHALiEB, the 10
concentrationgﬁggolaro}g% re(f;lg{ragn%?&a%cwto el mé%%’@eecan be bé)t ween about 15/ 85.
and about 1¢0kRthentA third | ayer 320 of conductive material is forned on the

Iayer 318. The third condu tiv ﬁ‘?éﬁ{}g%%‘g&i%%{&%’% s?eknfdd%' as silver,

ni ckel or anot her 415 R5¢ e"ia 5 8 chal cogeni de materi al .

The | ayer 318 ai&rdhaBewitRihe e idveftidnh The memoryysysteinl 408 inclisiesa PuBHOD t o
cause netal or conductive materi al frothe third 1@5“’%/ {’)320 5 dlffuse
selpunt. s

into the chal ebmempreelemnty 403 that can heATangeHdn 1S and er
provi de better, *eﬁiéﬂﬁﬁjz% uic[thwalﬁs?st&Em t Bth Ghdisti 404GhdNides 3QAE | 5

pl anarized to torman i1solated ce
15 electrode 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,
e.g. similar to the memory cells 200D (Figure 2D) and 300E (Figure 3E).

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

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

typically packaged in a protective casing (not shown) with leads extending
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structure 300E including an isolated third | ayer contact or el ectrode 320'.
The planarization also provides a |evel, 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 forned on the planarized surface 322 and in electrical contact with
the third layer electrode or contact 320'. In operation, the programrabl e

menory cell 200 or 300 or programmable netallization cell

progr anmed by t}&mﬁjo;u (aot shopn) pmudlag a@pssv@ﬁlﬁaty@lt@(:‘?fdb%dlﬁ A&0 fOZBmPaIt‘?’ét | ayer or
el ectrode 302 a@fl {]e third er, %"ﬁ ?trode 320' that has a sufficient

vol t age | evel t aex; §8m31“6‘5’ﬁ g % or conductive filament to be forned

between the el ect A9sRwndf Figireh, t\h@oﬁﬁmedrés &wndlohldmget leagt one dactronifi ch i s
electrically connected to the fjrst, ectr 2 gonductive
bi ndi ng Iayer spstom or mesaery skgemn AQ0 thptin 5%’@%‘?5 1?°é{yle?e°§§‘ge el 52@ with a
netal or kﬂgé‘x %@fl@id@j or3008 e catBansé Witk the ptdaanwem@emams es the
dendrlte36 I'n Figure 2D) to be formed 11 d‘gago(f U|t the two

el ect rodes 320ombinet, mOTM@OW@S%T@G@H%@S&’&‘B@§°§°‘BEF‘P f4s been
biiased by applyving,Shd furéh e 60kd AiidR A0 CieuidRBENL 560 ea;i@eas about

10, 000 ohns Si stance o 0 that has not been biased and is
in an open coagbinativn dfshealswtepﬂesemag@hmty odicfmtl@nmgn gcombingtigptieted cel |

300 to which volta has a 326 can
represent a |3§$&0niamalﬁ r?amﬁﬁﬁﬂdg gﬁﬁgglg Ig}"Z&FKFC§%§Q{:}31‘3tr1669epresent a
logic 0. Tg ehghfleepioRgmdanes] dex&@l dnv&@,Chov\@r medkéessampmllmtpaﬂpyméfrmsage can be
applied to the el ectrodes 320" and 302 g %{l]e C‘ﬁ qodetlg 8%&%9 sufficient
current to‘fl@Wcﬁﬂﬁiﬁdﬂ@‘?}lﬁsﬁédéléﬂllcatwp‘fcd ¢ap gan dagifde BREIORE 2 i gh
resistance st %lﬁt i ﬁfo’?ﬁxfe@cbir&ﬁt A6 duld 6DORRATBY d suB-cdmPortent cfmndiietyiofe 10

el ement. Figure }1 g a schematic diagram of a nenory devi cagm stem 400

in accor dancelemrqrhc sylstemsy ish A% 2 ¢lpcke mtelayisionacellpBRRS: § PEHLY includes a
El uLaI ity of alqg&ngbl?é, GRS A Ontid1 &t Bn RiferaH ARIHHRSS. | Oirdudiodared col umms.
ach nenory L .
15 600 will have a variety of leads 610 extending therefrom providing unilateral or

bilateral communication and control.

Figure 7 shows one embodiment of a circuit module as a memory module
700 containing circuitry for the memory system 400 including the electrode
structure 100C or memory cell structures 200D or 300E of the present invention.

20 Memory module 700 generally depicts a Single In-line Memory Module (SIMM) or
Dual In-line Memory Module (DIMM). A SIMM or DIMM can generally bea
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
controller (not shown) on a command link 720 and provides for data input and data

30  output on data links 730. The command link 720 and data links 730 are connected
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el ement 402 can include a transistor 404. Each transistor 404 includes a
gate 15 el ectrode 406 coupled to an address line 408 for controlling the
operation of the nenory elenment 402, and each transistor 404 includes a
first source/drain electrode 410 coupled to a data |ine 412 and a second
source/drain el ectrode 414 coupled to a progranmable nenory cell 416
according to the teachings of the present invention, e.g. simlar to the
menory cells 200D (Figure 2D) and 300E (Figure 3E). 20 Wth reference to
Figure S, a S?Meﬁ&’s”%%&@ﬁdiﬂ%ﬁoxﬁme GRS LA g0larb W iRfor Sicképhmd vaf er 500
that can contain a nenory system si ar to system 400 or an electronic
syst em i ncl udipngposdsendiareabt lixhitak to debepositionsshewieindigyge (i gure 1E) or nenory
cells 200D (Figure_ 2D) or. 300E (Fi gur ' 2GRT dang L & he present

i nvention. A die 5f§“%esé)§ﬁwf ﬁ%lf’\%?tff&gls?%a %88(? ﬁb“?at%g%r cal | %drféeécl{égirtlgul ar, on a
substrate 25 thafules 600 & described shove bntdining erefnovelmemeopesysteinct0p et i on. A

sem conduct or wafer 500 wll typicall t ai eat ed. tern of such
di es 510 coht Slesiedy stmefued REC of {?ﬁ’(’f’f’ﬁ'ycﬁ%ﬁ f()t%@ °rl5§%€%{1tg§%r§%e%? ar %rﬁ[en‘r? contain
addi tional ci rgeiroh s%s@exﬁ’l@(? efally SHedins RTINS CUseraerfacerBHDI i t hi ¢
processor with multip [ [ | ' '

e functionality. Die 510 i typically packaged in a
protective cam‘rwg'de(snorsersvlﬁ_tk\m}e.cmrtlﬁsx%ab@od? H@F?@mé"?’ﬁf@q}g?rom (not shown)
provi di ng acceosb§er5£'%ohla?th8 %e%ﬁft'é deftile ?@ctﬁoﬁ% sﬁa‘té*r‘n 800 Softfe ckdihplas efusdr  or

on and control. As

bil ateral conmunicartl \s shown in Figure 6, two or nore dies
510, i ncl udi ngnmfadeesaeinchldetlmllcwhaatdapmntn%@mmmﬂmtﬂ%wn?y%ﬁaem 400 that

i ncorporates the nqvel electrode str i itfegl | s 200D or
300E in acé?)rd?ﬁ@%ﬁ\ﬂf?ﬂ‘ﬁfrh@em%‘%?l’ @%&%déﬁ%%rgﬁf gdllgg{r?!t;?éfn“ed, with or

Wi t hout a protgich ¥l g@%édigofdn%fbnﬁ)bﬁé;raﬁdlihecmﬁdulda,E@@ad,dlsﬁhh&?ﬂ:e or
extend the functional i1ty of an individual die 510.. Ctcui 600 can
be a conbi natuEANCyFdigFgser of fp aPt@B’ra@Qé%ﬁ W@g‘é{‘evg%?ré?tﬁrf%ﬁe%fl Eﬁ%@@r‘f? or a
conbi nati on of i8S accaddhopd PioRidali BbelédtBnis @fekent 80UC (A coesa pbityare Bt exanpl es

of a circuit nodule 600 10 i nclude nmenory nodul es tdevi ce drivers, power
nmodul es, conmaehnest doeleqtroni Fxstem to the more tangible user interface 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 signal from the external bus 920 and relays it to the
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processor nodul es and application-specific nodul es and can incl ude
multi-layer, multi-chip nmodules. G rcuit nodule 600 can be a sub-conponent
of a variety of electronic systens, such as a clock, a television, a cell
phone, a personal conputer, an autonobile, an industrial control system
an aircraft and others. G rcuit nodule 15 600 will have a variety of | eads
610 extending therefromproviding unilateral or bilateral conmunication
and control. Figure 7 shows one enbodi nent of a circuit nodule as a nenory
nmodul e 700 containing cir nkS58! Hithb #Rflgedi ng the

el ectrode st r dBf oHB° 6661°§?m5‘5‘“e”%°{’?%°‘“}?‘%‘2ture§ ZOODQgSryISSOOE of the
present invent Igfb%de?ﬁwrﬁ&ﬁfﬁﬂpﬁt mddiatamuﬁﬂ()bqgwmrthd dng ofwofegnemery SIoABEE | n- | i ne

Menory Modul e Dual In dul e (DI A SI MM or DI MM
d glﬂ’\é’eﬁfq”??ﬂé’ffte&l?‘{‘?@?b 8%1{95}}'(8% or O'E heWsupport cont ai ni ng

can general ly

a series of nenory F'i%WeQQ%hows\/ﬂ\mhﬁer&nﬁbﬂiMem dflan biesteonic syitemlaga computere set  of
contacts or | eads, DMMw Il have a set. of Ieadséﬁg)rﬂ‘ﬁch side of the

support withs eéE&ﬁeIEéQOQf &ompyteneysivgr K0P sputpias 3 preypessor S ry modul e
700 cont ai ns mdgét 6‘01@9&& ¥ 2 96 &8 Sunft 1005 00 :Abue dyin 1600Pbittong 15, t he
e

nunber dependi Nng upon sired bus width and the desire for arlty
Menory nodul e ZRénpeof mnhftcafomc mMWn@@w&wmﬂ@e@?ﬂGﬂ%ﬂ%ﬂ‘&e@“B suppor t

715. Menory nodul e accep @QE 06 XdEBd18tRbd
control | er (notsysat%éﬁ(? BH%Y C(?Fr%m gm in gsﬁ.ll)gg@n lé;g%%@:ades for data i nput
and data 30 Outsﬁhﬁmr@ﬂoatabx&nbmmgeﬂs’mmD'ﬁhé 3@0Brmambrdan¢ﬁ<wrﬂ2¢e aresendat a | i nks

730 are connected .13 | eads 74 from é Leads
740 are shohh fBYentighy fsysb%ﬂg g?rgalﬂs me %3:(8{"% the positions

shown in Figur q)e&cteﬁllﬂprga:&lomyaaar@hm ﬁgﬁnmmkemm@mmrdm,ng one
or nore circui't “nodul es 600 as described a

ont ai ni.n he novel nenory
system 400 and apriafes $930sad adulk starpgedleviop HG, I%H@Fﬁp%%ﬁlﬁt%‘ﬂé O%ef)r 300E of
the present iny AR cempaOGysten 06y duéh EOMbdEnEs a user
i nterface 810. C@Q‘gb&ﬂt e%%gtggsg%ﬁd Sisb Y
device driver cards, additional storage devices, etc. It will further be appreciated

15 that the processor 1010 and memory 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

900.

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

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

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

effect subsequent processing operations or require additional processing operations

15




provi des a user of the electronic system 800 with sonme formof control or
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 swtch and gas pedal of an autonobile; and the 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 Le. tgatroni c
systemto the AB etp&(?‘i’ﬁ?slff"égel.lcsoglg&lﬁe?ttgfl oéé(i:lgﬁ-ga rrg%?\tgﬁ? gﬁ?%ne%t}élﬁ ougl y

exenpl i fied. OaReddly haws iewforinborcihe sarnd wafoderlsabstr6@0 can be a processor

provi di ng some form ni pyl ati.on, control o, dj i ' from or
outputs to user i nﬁitx’?‘gép tlﬁ’ e’?ﬂ”gﬁe“%t%é? é’?eﬂf%lrg{rrr{é%c%nﬁ %egfcﬁlﬁ%drwﬁ’%
preprogramred iyl e agPreciféd W/ thbse & f Brdtaiyckiksll inahe @ thattanp airmgemettailicdB00.  As

w [l be apparent fromthe |ists of exanples previ Qﬁ% iveag el ectronic
syst em 800 i | lis ealquintedcto aehigvs thscsemg PHIPOSS THEICIFSHPSLUte ﬁg‘gﬁ%‘i‘i (not shown)

in addition to ebﬂ?%iﬁleﬁ&léhc;wﬂmﬁﬁg ﬁrgliéﬁgr_l ﬁrlﬁ'teiakfe‘larto cdvBt @y faagatdhdor It will be

appreci ated tha e one or nore circuit nodules 600 In _eJechoch system

800 can be replvadaibnipyf the picsegt imventionglTherefgres it isdntepded that thipinyentian

el ectroni c syste 00, gan, be .a s | arger el ectronic system
Figure 9 shomsﬁﬂﬁ% 8&%&’3@%% 5 gﬁggﬁgg?Q%%P§£?§sten1as menory system 25
900. Menory system 900 contains one or nore nmenory nodul es 700 as descri bed
above including the nenory system 400 and el ectrode structure 100C or
menory cells 200D and 300E in accordance with the present invention and a
menory controller 910. Menory controller 910 provides and controls a
bidirectional interface between nmenory system 900 and an external system
bus 920. Menory 30 system 900 accepts a conmand signal fromthe external
bus 920 and relays it to the 14 one or nore nmenory nodules 700 on a comand
link 930. Menory system 900 provides for data input and data out put

bet ween the one or nore nmenory nodul es

16



700 and external system bus 920 on data |inks 940. Figure 10 shows a
further enbodi nent of an el ectronic systemas a conputer 5 system 1000.
Comput er system 1000 contains a processor 1010 and a nenory system 900
housed in a conputer unit 1005. Conputgf system 1000 is but one exanple of
an el ectronic system contai ning another electronic system i.e. nmenory
system 90%;, as a.sub:conponent, including the nmenory system 400 and

el ectrode PEfA®FR15000 or nenory cells 200D and 300E in accordance with

the presept 10z ¥&RIdeQRructRiIBothPAsify:St em 1000 optional Iy contains user
interface conponents. Depicted in Figure 10 are a keyboard 1020, a

poi nti ng devi cafit®Byer of comdisetie m@adal; a printer 1050 and a bul k storage

device 1060. It wll.be appreci ate nmponents are often

associ ated w tﬁdl\%ﬁ‘?blﬁq@yer y@%rﬁﬁ%gﬁ%aggéﬁ&%?ﬁ%%%gt, devi ce driver cards,
addi tional st ogRggenifviosed intthé dieldetrid layerftoekpose alpertigmufabe aurfde 96 t hat t he
processor 1010 and nenory system 900 of conputer system 1000 can be

i ncor por athedirgidayersi ngl e integrated circuit. Such single package processing

units reduce 5{;%888 gg}dg%ﬁlg*ér(f@nﬁédr@ep%a\ﬁ%ﬁc{rma T8 D& saldbPosad the

menory system usron he present |n€é(;nt| on thus provides an
el ect r odepsitioH ©f tHegsuefack ofth®fiyst tayket whaeinthe oxide birdinglayperdanbe faadei cat i on

t hat provides substantially inproved d’;\dhesi on between two | ayers of
conduct i vEOnfRERYS of at laast segucandieiseAtd processi ng operations, such as a CWP

operation, (Jhgg ‘fzﬁ@g Ff Q5iRuShveHfiitEia BRsd GHME Yordictivé bindguayerof the 25

present inventio SO0 can provide a conductive interface between the two
conductive layers that is not an electrical barrier and can provide a doped

gl ass layer that can be progr d to.stare dat T i nvention
al so pr ovgdes &%ﬁﬁ{%ﬁg e%‘&“’?’g‘b?g {I%HI} f‘rd”léeﬁe'ﬁlﬁéec rl’sg{%ergg?dmce?%r?@tor menory
cel | strughpi& thRAH AaRSaN@t adversely effect subsequent processing
operations or require additional processing operations 15

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 electrode 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.




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
speci fic enbodi ments have been illustrated and described herein, it wll
be appreci ated by those of ordinary skijgl in the art that any arrangenent
which 5 is calculated to achieve the sane purpose nmay be substituted for
the specific enbodinents shown. This application is intended to cover any

adapt at i ofs oA §Jeftiode SIS CAMRIISNEG sent i nvention. Therefore, it is

i nt ended t hat - 14VaY 6PinkRNiAgon;! i M ted only by the clainms and the
equi val ent s thgr%e%g.ﬁlg 17 Wat is claimed is: 1. An el ectrode structure,

conprising: aaflidetrid yerfouhedoma swrfice of thetfasilayer; a diel ectric | ayer

formed on a surface.of the first.|ayer: an qpen, [‘Zf’fqh' dielectric
| ayer to expos@8Piung fogmedn ﬁgleé?#?%](%ergf) egﬁyg’ r&fq)lofrrtg{ ayéeggr?%g °0oxi de
bi ndi ng I@é rsf@ydred over said dielectric layer and over said exposed

t

portion o e surface of the first layer wherein the oxide,pinding |ayer

can be nade cendyideibinsling lager fomaest oves Aaid dirdrstis lnzer A PVEr VUL hyer  of

conductive nateri.al formed.on th Lve bi i I e

el ect r ode PRERRAT %S c%?gtp%%is,t ! e%?’se}%ga{' e ?’%?éé;?h?%%%&?ganabﬁg? %%1 t hat

adher es t @osdictveyt Al2edsbye@ticondtuctlVee and ect rode structure of claim 1, wherein

the second layer is a netal that is _ diffusible .into,said,xi.de and bonds
eiowt biag

to said oxide. asecond leyes of mstadlizatipn &qrmed ov ing layer, whergpthe, o of
fg;g??t ! V%inr@ﬁgefaglgl is s@tedbLloGHbYile aliR¥Rh teRidBR IO firsPariidebiElapdrs bhe Tirst
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.

6.  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.




an opening fornmed in the dielectric |ayer 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 | ayer ;9f conductive material formed on the
bi nding layer, wherein the conductive material of the second layer is

sel ected to ggadk%fu ible into the binding |ayer to nmake the binding |ayer
capabl e of con %T‘@E{r?’l"@&p“éﬁgr ent. 18 5. An electrode structure,

conprising: a glfgﬁqa)leagpéorgﬁcﬁ%tlﬁ%hﬁat| on, a dielectric layer fornmed on a
surface of the first |ayer; an opening forned in the dielectric layer to

expose a porti erﬁrsifdletlmcslwﬂafbanodonah@faqeﬁthd@ydﬂyeran oxi de bi ndi ng | ayer

f d d_di f th
curface of t hoPrerel dagsmC PR on B3Rt Gy RRRE Rt MR e

conduct i v@ijeRictrit 1a %&Qﬁ& aff&lfer@whdufétthatﬂhemnadm@ﬁtdlayayer of netallization
formed over said binding |layer, wherein the binding |ayer is selected to

provi de adhesi momn@&ﬁm@mﬁmrﬁw ag gecond diedectng By ers &1 EXnse APPSPRL i on to
t th th
v S e A 5L A B LA Pt

pl anari zatd ke diff@eedn bethige dpiieder the first dmel sebmdtdldelemsﬂayers; ure to form an
isolated netallization structure in the openin the dielectric |ayer.

6. An el ect r od@ cerqugtive pdingdaysr ifarmeg-onghe fipsg die e&?&rlaﬁqra&ﬂénéhetungsten
ni ckel angﬁ[ga &%@H%ﬁ”ﬂ{esﬁﬁ%@ééﬁheﬁrs@lagrbﬁl gtric layer formed on a surface
of the fir ag an openi ng

formed I'n e dielectric layer to expose a
portion of the asenfohdd@eobf cdﬂdactivermateha’l)fenned on the conductive binding layer.

8. 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.

9.  The memory cell of claim 8, wherein the layer of chalcogenide material is
doped by diffusing conductive material from the third layer into the chalcogenide

layer.

10.  The memory cell of claim 9, wherein the third layer comprises one of silver,

nickel and polysilicon.
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a conductive binding |ayer forned on the dielectric |ayer and on the
exposed portion of the surface of the first |layer, wherein the conductive
binding layer is formed of an annealed insulating nmaterial; and a second

| ayer of silver formed on the binding bgyer, wherein the conductive

bi ndi ng | ayer includes an oxide and silver diffused fromthe second | ayer
into the oxide. 19 7. An electrode structure, conprising: a first |ayer
of conducllve AunemprycellaCGMPISNgij | ectric | ayer formed on a surface of the
first layer; a | | r formed on the first dielectric

| ayer, mhereinaﬁﬁg%ggfgﬁahﬁﬁngg?%?%ﬁ'ayer has a faster etch rate than the
second di el ect nidiclécayelayerdformpben agurfase of theifirstlageti i r st and second

dielectric layers tQ expose.a rtion ;0 rf Iceof | ayer,
wherei n the op@PRGIRS r’é‘e&é‘bﬁgﬁéﬁi‘?"%&]c'ﬁ"lgrltéggﬂé#gs%gﬁglg&f%g@%ﬁdgedi fference
In etch r%&ﬁﬁgfﬁygen the first and second dielectric |ayers; a conductive
bi nding | ayer forméd on the first dielectric |ayer_ and on t&? e}<posed
portion of the atindisglyeafforthed 6n therdiglegpae laysrand-ondhe s¥RPSPAPRFOBA conduct i ve
material formed on hhg.%?ndqctive binding layer. 8. A nenory cell
conpri si ndhe syrfare ef the JLRIAYEE o onquctive material; a dielectric |ayer formed
on a surface of, $hmdilhyetlof bontritivemaranfonged on thedinding lgewi el ectric | ayer
to expose a portion of” the surface of tgte fiést | a er 418 et%i @di ng | ayer
formed on the dileyesof gemnanipe pelepide BIFterRLIONRp 8’éﬁhep%f’?q oo the surface
of the first?&gig%gv%Pigﬁand | ayer of conductive material fornmed on the

bi ndi ng | &8 doped chal cogeni de material formed on, the second
| ayer of a third layer of conductive material formed on the layer of doped germanium

selenide material.

12.  The memory cell of claim 11, wherein the concentration ratio of germanium to

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

13. 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.




conductive material; and a third |l ayer of conductive material forned on the
| ayer of doped chal cogenide material. 9. The nenory cell of claimS8,
wherein the | ayer of chal cogenide material is doped by diffusing
conductive material fromthe third laygr into the chal cogenide |ayer. 10.
The menory cell of claim9, wherein the third | ayer conprises one of

sil ver, I ck and pol ysi licon. 20 11. me ell..c Jslng: a first
| ayer of lcqondﬁllgieir\}eem t%ﬁi £ pL néla’i‘@bﬁﬁ?r*@”%ﬁ%@?%&deoﬁ%ﬁgd%face of the
first | ayRimafiimQeRAIdeY fornmed in the dielectric |ayer to expose a portion
of the surface of the first layer; a binding |layer fornmed on the
dielectric layer and on the exposed portion of the surface of the first :
| ayer; a Cﬁgﬁ Iﬁ/er %L conductive material forned on the binding |ayer; a
| ayer of légr MM PERICAR'PHE Y i al fornmed on the second | ayer of
conduct i ve matgfilstlayerdTdnetallifdtion; | ayer of conductive naterial formed on the
| ayer of doped gernmanium selenide material. 12. The menory cell of claim
11, wherein t rediglesteic hayenformed onta syrface ofdhedirst Ia¥eEo  sel enide in the |ayer
of germani um sel enj ' et wee t . A nmenory
cell, conpri siarlilgoz egﬁgifl?%?e%lléﬁer Sl?p@grlla ugéolgsé‘é)% ?r%% E?‘?l gfl;o ég{eg’?reflaze(]:‘t?fri c |layer
formed onhefisstidyage of the first layer; an opening formed in the dielectric

| ayer to expose a portion of the_ surface of. .
Y P a condgctive binding layer forme& on She c{lelectnc 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.

16.  The memory cell of claim 15, 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.

17.  The memory cell of claim 15, wherein the layer of chalcogenide material is
doped by diffusing conductive material from the third layer into the layer of

chalcogenide material.

18. 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; a binding layer forned on the dielectric |layer and on the
exposed portion of the surface of the first layer; a second | ayer of
conductive material forned on the binding |ayer; a |layer of doped

chal cogenide material fornmed on the segond | ayer of conductive material;
and a third | ayer including one of silver or nickel fornmed on the |ayer of

chal cogeni de material, wherein the |aye f .chal cogeni.de teri i s doped
by anneal i ngacendustive buyding lgyer; ﬂ’én"é*?‘\/éfe %Eﬁlecﬂ?%%&gr W@&ﬁ%eexqoﬁ?dr d | ayer to
di ffuse i t itdg hayer. 21 14, The nmenory cell of claim 13,
wher ei n tpﬁ}et%na(gg}rle %@%ﬁg?@ggfgﬁi Jzey’rrat erial is germanium sel enide. 15. A
nmemory cel |, eosoriddayeyof ope 6f sibver drayickel formedtoalthe candugtive Bindipg| ectri ¢

| ayer formed on g surfacge of the first. |ayer: . 0 i in the

di el ectr il@yer,a\ylée,relpéheegp&éggtwg bb%‘ﬁflg lﬁ%’%‘flcﬁlﬁgs asﬂﬁ?%nc éggfigg?%gi‘g??gt | ayer; a

conducti clé%L&‘ﬁ‘fu@&l Y @E sfiRbABIbxRIR ftdif th Rt layer tb forar thavdndwetivhie exposed
portion of the surface of the first layer; a second | ayer .of netalization

formed orlayendy eonailiog atesdiéatesl tamperajse for agredesermingdpeEig @b tifeye bi ndi ng

| ayer includes a sil.dcon dioxi.de and | dj f thsisgeend | ayer;
a layer of doﬁéﬂy%ﬂgﬁsmﬁéelﬁgggma}ﬁ%; gofrr?ggoélr#%te%goéde@ nréﬂ Fayer  of
conduct i ygcksmtaagi al ; and a third layer of conductive material fornmed on the
| ayer of doped chal cogenide nmaterial.

a third layer including silver or nickel formed on the layer of germanium
selenide, wherein the layer of germanium selem'de 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.

19. 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




16. The menory cell of claim 15, wherein the second | ayer of netalization
Is one of silver or nickel and wherein the conductive binding | ayer

i ncl udes an oxide and silver or nickel diffused into the oxide fromthe
second | ayer by annealing at a selectegstenperature for a predeterm ned
period of tinme. 17. The menory cell of claim 15, wherein the |ayer of

chal cogeni de material is doped by diffusing conductive material fromthe
third layer into the |ayer chal cogeni de mat er 18, A nenory ceII
conpri si nngﬁ qmrrgqpopgﬁyt@ra déffef@ﬁ%e ’&fmtmé?é}?w?ﬁné*é%ﬁrséﬁn‘i)%ﬂwgl i con;
dielectric d on a surface of the first layer; an opening forrred
in the di e 1g%¥f?{cé£)f€;§;§r to expose a portion of the surface of the first

| ayer; a comﬂuﬂing\/leydmfmdledg)d thy dieldctricnteyerand oh ¢hekxplosxt pargon afyer and on
t he expose&)@ portlon o{, e surface of the first |ayer; a second |ayer of
one of sil|Pesudpcepfthelirst ¥eed on the conductive binding |ayer, wherein

the conductive DLOBHIEAYRontGIIRSedhl Firkicah b Bt 1@ Si | ver or

ni ckel diffused Into I con | oxi de fromthe second 1ayer to formthe
conductive | ayetaybyofuhalagénide materiakormed enithesnpmddayer of tandugtive

predeterm ned period of tinme; a |layer of germanium sel enide material forned
on the secglﬁtfnla 8 of silver or nickel; and a third layer including

silver or nlckebﬂﬁﬂrl o@@oﬁ&iﬁubaﬁﬁfm@ffo@xﬁédraﬂtnéﬂhye?@kenmdﬁéenwmrel n the
| ayer of germanium sel e de material is doped )hg ultra violet annealing

for a sel ewhenmrtnhnéaypeof@@lmgemd@mtealabwdém@ ifiuging sprducgve gutasiak or pt i on
of silver grgwqh?ﬁﬁrd 1%%%3%25 fa?é‘roq&hglxg enid. diffuse into the | ayer of

ger mani um ry cell, conprising:

20. 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 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.

21.  The memory system of claim 20, 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.



1

a first layer of conductive material; a first dielectric |ayer fornmed on a
surface of the first layer; a second dielectric |ayer forned on the first
dielectric layer; an opening forned in the first and second dielectric

| ayers to expose a portion of the sunfjace of the first |ayer, wherein the
opening includes a reentrant 23 profile in response to a difference in an
etch rate between the first and second dielectric layers; a binding |ayer

formed on the dielectric layer and on the exg aed ortioP ?f t he surface
of the fi22st rra;ymexncuygm@n@fplay@FZOowh%lﬁd’% inging faXer iy gfectes'fed on the

bi ndi ng | aye 0 ial fornmed on the second | ayer
of condu@f‘%/v\}‘iéa‘ﬁﬁ?g %%ﬁ eenﬁ%%gtt% g&ﬁayere?s(r)f conductive material fornmed on
the | ayer of chal cogenide, wherein the |ayer of chal cogemje material is
doped by diffusing conductive nat a hlrd r.into the layer
of chal c@3eni déie nyEInOTH SHEeHsOf :?2 n’i"L‘EYS‘I’i‘d'ﬁ? §‘?°ﬂﬁd AR 15??21%361 tPéltms;zrrt)ry

el enent s, ;.ga¢ gl difae a first |layer of conductive

mat eri al dtguglg I%gglﬁ %Iegggr% dos?neag on a surface of the first | ayer; an
opening formed in the dielectric |ayer to expose a portion of the surface

of the first layer; a binding layer formed on the dielectric |ayer and on

the expogéd p%mep&qy@fstqrﬁézo e of the first layer; a second |ayer of
conductive natagralngg, Ql@nfehf% &ich fhentory @lkgient inelddinger of chal cogeni de
material for on’the second 'ayer of conductive material; and

a first layer of conductive material;

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

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

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

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

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.

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

a conductive binding layer formed on the dielectric layer and on the

exposed portion of the surface of the first layer;




a third layer of conductive material formed on the |ayer of chal cogenide
material, wherein the nenory cell is anneal ed to cause conductive materi al
fromthe third layer to diffuse into the |ayer of chal cogenide naterial to
dope the layer of chal cogenide material,s 21. The nenory system of claim
20, wherein the binding |layer is at |least sem conductive and is forned
froman oxide | ayer by annealing to cause conductive material fromthe

second | ayer to be chem saorbed into_the oxide _ layer. 24  22. The nenory
system of claim 20, wsesoaddavenel wetallizaon faymed pa theganduetiyetinding Kyeie
adhesion b | r : adﬁ‘jﬂ§1 : em of

cl aim 20, \%%%gl{]trl]&? ﬁléédscgg{e)lﬁg’aﬂlggf&%lgﬁng{tsgfcoﬁ i}ﬁéc%x]-cjlfbg [ %}Q}?E e into an
oxi de and [froncthe secoad layer;de. 24. A nenory system conprising: an array of

menory el enents, each_ neno el.epent including:. a first la of
conductive material ; aéaygrgfi%{eﬁicgﬁp%ﬁg} erpptakil formed %@Fé@@xgiayﬁﬁ%ffi rst
layer; an epefiie hafefRlahd the dielectric layer to expose a portion of the
surface of the first layer; a binding |layer forned on the dielectric |ayer
and on the exposed pdhitd laperaff cohducsive frateriabformiee ofi itheslayé¢rapfdopeda second

| ayer of co%ﬁucti.ve mattterli al formed on the binding |ayer; a l|layer of
ger mani um SEEogeRide Maealal formed on the second layer of conductive

material; and a third |ayer of conductive material formed on the |ayer of
germani um sel eni de, wherein the |ayer of gernmani um sel enide is doped by
ultra viol 86 anfezdmory systemceompristngnduct i ve material fromthe third |ayer

to diffuse into,ftng,) §VGtmdly SShEML &AM REhSN QEment 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.




25. A nenory system conprising: an array of nenory el enents, each nenory
element including: a first layer of netallization; a dielectric |ayer
formed on a surface of the first layer; an opening forned in the dielectric
| ayer to expose a portion of the surfgge of the first layer; a conductive
bi nding layer fornmed on the dielectric |layer and on the exposed portion of
the surface of the first layer; 25 a second |layer of netallization forned
on the conductive binding |ayer, wherein the conductive binding |ayer

i ncl udes #/-si 1A BSMOEY Histed caM@TIpBgal diffused fromthe second |ayer; a

| ayer of doped,.c qq&%g ' gond | ayer of
conducti ve na?aélr%y?b an c%l?;%e@ﬁ%ag%@%@gﬁ%ﬂ%?ﬂgﬁ@te“ al fornmed on the
| ayer of dopeda platuity ofyaldiede lines ezach abupl@bto oherof awow os gsokamn afonpri si ng: an

array of rrerm]r@y el emgntg, each nmenory el enment including: a first |ayer of
one of t URGRPBIEIEMENRAor polysilicon; a dielectric layer formed on a

surface of the, éllh%a?irt}{ hﬁd’a@é HinéEa@PERIp th OB BEa kW bPE cllufin®Finidnforyayer to

expose a portio surface of 'the first |ayer; a conductive binding
| ayer f oreledents, eattemdineleelement inclpydingand on the exposed portion of the
surface of the first

formed on the cond&F%“%aﬁé%fﬂ{“ﬂﬂﬁ%ﬁggrgg’;?le‘?‘%‘%{kﬂgcf"&ﬁ%gﬂ?é“% %s%@w%g@'gfﬁgl ng
| ayer i NCdouet@fdr@inSérlifRobpleX tFedaitine;siniver or nickel diffused into the
silicon dioxide fromthe second |layer to formthe .
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.

28. A memory system, comprising:

an array of memory elements arranged in rows and columns;

a plurality of address lines each coupled to one of a row or a column of
memory elements; and

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

memory elements, each memory element including:




conductive binding | ayer by annealing at a selected tenperature for a
predeterm ned period of tinme; a |layer of germanium sel enide nateri al
formed on the second |ayer of silver or nickel; and a third | ayer

i ncluding silver or nickel fornmed on te [ayer of germani um sel enide,
wherein the | ayer of germanium sel enide material is doped by wultra violet
annealing for a selected tine period to cause a predeterm ned | evel of

chem sorption of silver or nickel fromthe third layer to d'ffu?,e into the
| ayer of germani um sel éffansistpgiraluding a gate t%‘f‘.m%cﬂg?@ﬁ?@y%dl@éﬁ?? 1Bonpri si ng:
an array g JTB0RENSh BIRALS AaNShad ifoURg and col ums; “a plurality of
address |'ines each coupled to one of a row or a colum of nenory el enents;
and a plurality of data dprogamesbie memptyectlltcoupled t@inahersonme/deaigol um of
menory elenegﬁs, each,nennh% elgnent incaﬁdingi a HLan i,stor including a
gate ter rifmanalal thn Eansistpraphergig,the programamalyg memory GelLIMCHASS: n ¢ er ni nal
coupled to a data line; and g piPELATHTRAL 6f AREMIALHGE b pAipsiRtad to anot her
source/drain termnal of the transistor, wherein the progranmbl e nenory
cell includes: a first |ayer adielectridlayer feemedoamisutfaceofghefistlayes | ayer

formed on a surface of the first layer:; an ening formed in the dielectric
| ayer to expose a portion of #4Ip&" é?‘?%glﬂﬁ%t‘ﬂgle%f‘f’&yefg%e 954 bi ndi ng
layer forgmlgodr thdSurlice lo tHerfirst laprer and on the exposed portion of the

surface of the first |ayer; a second |ayer of conductive material forned on
t he bi ndi ng 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.

29. 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;




| ayer; a | ayer of doped chal cogenide material fornmed on the second | ayer
of conductive material; and a third | ayer of conductive material forned on
the |l ayer of doped chal cogenide material. 28. A nmenory system conprising:
an array of nmenory elenents arranged injgows and colums; a plurality of
address |lines each coupled to one of a row or a colum of nenory el enents;
and a plurality of data |lines each coupled to one of a row or a colum of

nmenory el ement sgan B5&HngdRMREY irfthe ARNMctridIakétdb @gposza postidl ik Sirfice bcl udi ng
a gate termnal coupled to an address line and a source/drain term nal

coupl ed t othg fusttlayari ne; and a programmabl e menory cell coupled to anot her

source/drain term.nal.of the tyansistor. rein_ the pr | e jyrenory
cell includes: %ng)lnlrglg#nq%gigel?yegf o%rrlleél ot ?raégg?efelcg‘éctnlf %a(r)x? 08%{ ySiTi 8%651; a

dielectri Crbr@ﬁbﬁrofﬂﬁrsﬁﬁdcdlﬁftﬁe fitht 1366 whierdih thefoxidel bihdiyg layer Badeeni ng f or ned
in the dielectric layer to expose a portion of the surface of the first
| ayer; a cepndustys & SEWPWCP&?A@Pdforned on the dielectric |layer and on

the exposed porbigndleyePGr AHELARE el Tuthdcin hefSidutoRaRg ke o

one of silver or nic or me nductive erein
t he conductive binding |layer includes a silicon dioxide and silver or
e silicon djioxide fromthe second |ayer to formthe

gi)(r:lgﬁlct ?i/feggisﬁgi’\i"ﬁgq?%éﬂgPaB&d’&ﬂmr}SH&' at a selected te
’ nperature for a
pr edet er m ned pggmggagfm&jne;
an integrated circuit supported by the substrate, wherein the integrated circuit
comprises at least one electrode structure, the at least one electrode structure
including:

a first layer of metallization;

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

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

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

31. 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
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a |layer of germanium sel enide material formed on the second |ayer of
silver or nickel; and a third layer including silver or nickel formed on
the layer of gernmanium sel enide, wherein the |ayer of gernmani um sel eni de
material is doped by ultra violet anngaling for a selected tinme period to
cause a predeterm ned |evel of chem sorption of silver or nickel fromthe
third layer to diffuse into the |ayer of germanium selenide material. 29.

A sem co | Brst RQBPrising: a substrate; and an integrated circuit
support eg%ée?ﬁéﬂ%ug

strate, wherein the int e%égt ?d ci{?(p:,ui td i'lﬁl udes at
| east one el ect r ode,conthective binshing lagerdorpeden e &G leG@ HF L 'F st | ayer of
conductive materi al ; di elLectfrjc f &difd ldybe first
| ayer; 28&XPesedREINNAYY %?“r‘fJ@ae P#hte#erggi%;eef’e‘glﬁégiagt aydgird ﬁ%{([)‘fegpogée atg portion of
t he Surfalg?qrﬂfedo?gﬁaﬁﬁe%&ﬁib@ﬂ’eﬁfngrﬂdieﬁmjdﬂ bi ndi ng | ayer forned over said
dielectric layer and over said exposed po#ﬁ%or&. of, t he ﬁur{nqﬁg of the first
| ayer, wherein the asecond lyerdifsverfgmned an the hnding Jayei PRg&nd

sem - conductive; .and a sec - 41508 ed diMRr difuSéd Rdbmfthe med on t he
conduct i \fé’né‘i‘ﬂﬁflerl?én#’é%/lgﬁr lgégqés%ysgfécrﬁ%cdéﬁﬁuct or - di re, conpri si ng; &

subst r at egecaitiafét ihtdtthOsiHtardiokide t providoadhesian beyweenethe fiss 13y8f @24 wher ei n
the integrated circuit caonprjses at.|east one el.ec . e, the at

| east onethesecond dayer during-planasization \o form g damapepg Pl?‘fetaﬁg/agl(ré{ag]f%%gg %’f i zation; a
dielectric layer formed on a surface of the first |ayer;

32.  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 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.

33.  An electronic system, comprising:
a processor; and
a memory system coupled to the processor, the memory system comprising at
least one memory element including:
a first layer of conductive material;

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




an opening 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, wherein the conductive binding |lgyer is formed of an anneal ed
insulating material; and a second |ayer of netallization formed on the
conductive binding |ayer, wherein the conductive binding |ayer includes a
silicon dioxide and geépehingi fofrieeia thé dielectritdage coexbdsay gortion ofitecal i ng t he
el ectrode structure at a selected tenperature for a predeterm ned period
of tinme. 3%ufape ebthedissidede:or die, conprising: a substrate; and an

integrated circuit fggmﬁlgg?};etrz&n&ut&ttﬁgaglecm%ﬁ%igﬂg Bﬁtﬂe”@xﬁ%éﬂt ed circuit

conprises at |east one e ode structure, 1nc a first |layer of one
of tungst eportion oRehk sarfacepdityesfitst ager; a di el ectric |ayer fornmed on a

surface of the first |ayer; an opening fornmed.in the diglectric |ayer to
expose a portion of #FREODGlayerpircon u"(Sg’et“l‘?ée"f":ii f%‘?nefié)?ég‘? g‘ﬁ‘é‘@ﬁ@ﬁ’&t i ve

bi ndi ng | ayer formed, B.?ext etth&liGmiselehidedNRerid TSR dnlthe s@ROAORGEr HOT i on of
the surface of the first layer, wherein the conductive binding’layer 1is

forned of emdactneahastdrialnand ating material; and a second | ayer of silver

formed on the bindi | ayer, ereipn.t condyct.i ve binding |ayer includes
a silicon dioxi aﬂnrgﬂgyegi G%Wdu\é\gﬁ W@%Ha?ﬁ’mcf%ﬂleé@f%ﬁ g?rggygﬁm? nto the
silicon di @y, b&e&a@tﬂed@ye@l@hg&hﬁmlﬁﬁm fsliBpéd By hltlaaysét aancalinghe second
| ayer during planarization to forma damascene silver_ layer in the openin

32. An el etotqavsd eondyetivermaterighfvons theghirdilayertesliffese intgithe layer of

germanium selenide.

34.  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.

35.  An electronic system, comprising:




a nenory system coupled to the processor, the nenory system conprising an
array of nenory elenents and each nenory elenent including: a first |ayer
of conductive material; a dielectric layer formed on a surface of the first
| ayer; an opening formed in the dielecfric layer to expose a portion of the
surface of the first layer; a binding layer fornmed on the dielectric |ayer
and on the exposed portion of the surface of the first |ayer; a second
llayer of condyGlhMgsdresfrial formed on the binding layer; a layer of doped
chal cogeni de material fornmed on the second | ayer of conductive materi al
aEdI a thi rg | ayreemery systanieoupled terthedrocessor.dheremeny s¥Hem §QMm@PTIHRE ghped

chal cogeni de terial,. 33. An el.ectronj . .cONPrising:. a processor
and a nedb?y ° 9§P5ﬁ¥8%56?@&“5Sm?HEQB?%Eggﬁ%ﬁﬁﬁﬁﬁgﬁ' nory sgsten1gonprising
at |east one menoryfisl ia&RYf ohé 6f thelpsien, nickel sijolysiljoedin; of conductive
material; a dielectric layer formed on a surface_of the first layer; 30 an
openi ng formed in tadielgetar daver farmed pa e sudaceqfdhelist BYfEi on of the surface

of the first layer; a bijidiagel asiedQUIEAbb M cFlds6ldd forider and on

the exposed portion of ace o Irst "l ayer, second | ayer of
conduct i tRe s@tRe batheffastiegbron the binding |ayer; a |ayer of gernmani um

selenide material for mDJda c%gdﬁcqgle%?rfd?r?gd lalygly t%xr'mch on ﬁl%%?e gc:[tllu\:/ Fayg;a z;[n%r 'al; 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 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.

36.  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 third layer of conductive material formed on the [ ayer of germani um

sel eni de, wherein the |ayer of gernmanium selenide is doped by ultra violet
annealing to cause conductive material fromthe third layer to diffuse
into the layer of germanium selenide. 34. An electronic system

conprising: a processor; and a nenory system coupled to the processor, the
menory system conprising an array of nenory elenents and each nenory

el ement i nedueli/digin tarnfinilsdoupley &6 a dhtadimepdndi zat i on; a dielectric |ayer
formed on a surface of the first layer; an opening forned [n the .dielectric
| ayer to expose a pof Plagraremaklsmemasy cell eoypled tganpthersouroe/drain termipalyuct i ve

bi ndi ng | agletlh?E?ﬁ%mﬁ,%e;ﬁggiﬁ$§%agléﬁ§§ﬁﬁ iRuddie exposed portion of

the surface o rst secon of nmetalization fornmed on
t he conductive bi ndi afirstdayer of condectsiennatbrgalzonducti ve bi ndi ng | ayer

includes a silicon diqgxide. and netal diffused _fr the second | ayer; a
| ayer of doped chal c%al? C alﬁﬁ?rggﬁl%qd‘?‘b‘? C ﬁfﬂﬁg'{pgéﬁﬁﬁd | ayer of

conductive material ; ;2gknthd f3lhed InAKE BieRict:ROBHITS kX SosBRBFIGH offtRs Med on the
| ayer of doped chal cogenide material. 35. An el ectronicC system

conpr i si ngsurBie oftherfostdewwy ; and a menmory system coupled to the processor,
cl'ement 1 ncl udi ng: - o Pnigie g dornii B be iR S e R e PO ot 11 con:
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.

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
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 dielectric layer fornmed 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 |ayer forned on the dielectric |ayer and
on the exposed portion of the surface @f the first layer; a second |ayer of
one of silver or nickel fornmed on the conductive binding | ayer, wherein
the conductive binding |ayer includes a silicon dioxide and silver or

ni ckel diffused i ntaQohgetive bifdiil Biétorted sofie didectteaper dndyartht o form t he
conductive binding | ayer by annealing at a selected tenperature for a

pr edet er rixpestd perticncbfdlie surfage ofthe diygtdayst; ger nani um sel eni de material forned
on the second Ilayer of silver or pji. - i ayer including
silver or nickel fc?r%?f’dts)lﬁyetrﬁg °P%9f]§‘ﬁ}§?1" raageq f&n{ela dodtnt

er érnmani um sel eni de, wherein the

| ayer of QGRAWGERNE BIdSRY laPérdwhereinahé sbndustivobiading Yayer irchaley & siliebn anneal i ng
for a selected tine period to cause a predeterm ned IevellﬁLthhenisorption

of sil verdiodgandlver ergrckehdiffused inte thesilicop dinxide fremithg ggcp H8r of
ger mani u en sing: a
o oceasonP i i i dhs 12yt by ManEn e ARLECSE BB bR A 10 Shstem
i ncl udi ngredeteimaigdaperioll ofreiney y el enents arranged in rows and colums; a
plurality of address |ines each cou]pl.gd toq%ggo of .a row or col ym of
menory el ements; arfda¥erof gemnaniym selepide mafg ringd qn AR 35F ¥'he of a row
or a col ymme.of nideny €l ements, each nenory el ement including: a
transistor Includiig a gate ternminal coupled to an address line and a 32

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.

38. 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.

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




source/drain termnal coupled to a data line; and a progranmabl e nenory
cell coupled to another source/drain termnal of the transistor, wherein
t he progranmabl e nenory cell includes: a first |ayer of conductive
material; a dielectric layer formed omsa surface of the first layer; an
opening formed in the dielectric |ayer to expose a portion of the surface
of the first layer; a binding layer formed on the dielectric |ayer and on
the exposed rf@ﬁﬁihga Rt 14yee iWdiRE enedf tifi@teh| nivkellaag golysdicecond | ayer of
conductive material fornmed on the binding |ayer; a |ayer of doped

chgl cogﬁ_ni gel rfamnga|d1¢1@mm1@y@rrprm@1®ééeg@e| H§tdayss5  conductive material ;
and a thir er. of ¢ clLi ' f ed

chal cogeni de W@ngPpgggggkﬂﬁgpg%%ﬁg%l mg§§%§%$9 gﬁgﬁfgﬁﬁgénﬁ%égfgcessor
and a menpé firstlayeem coupl ed to the processor, the nenory systemincl uding:

an array of nmenory elenents arranged in.ro and I . I it f
address’ | i nes feaeing ebinsliegilayer @ﬁ‘ég’@g aa?ﬂf'% Xt ‘(’:‘g W%?ma}?&?ﬁ@ lal gmce)nt s;
and a pl lgnqhé%%pogge%gﬁjﬁgnbfﬂ%% ﬁﬂé‘ﬁis@ﬁg&? one of a row or a colum of

nmenory elenen menory el ement 1ncluding: a transistor including a
gate term nal fonnipk@detanddayendwdisg buenef silver and réckel ewthgrtinding layes: nal

coupled to a data_]inge; and rogra | e nory .cel Led : th
source/ drain taé‘P?ﬁl‘_r’i‘&Ithe gec %@SF%FF%% ag{a%?l,ec ?’éﬁ%atfl%etj%gggéfagﬁ alﬁ)llg%aﬂgno(ra;
cel I i nclyideseridl tbichiiolltRY Sfenfiborplich &f silWBE & li¢kefint® thedinding ager; aadn;

planarizing the electrode structure to form a damascene silver layer in the

opening.

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

forming a first layer of conductive material;

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

forming an opening 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.

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

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

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

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

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

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

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




a dielectric layer fornmed 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; 33 a conductive binding |ayer formed on the dielectric |ayer
and on the exposed portion of the surfgge of the first layer; a second

| ayer of one of silver or nickel fornmed on the conductive binding | ayer,
wherein the conductive binding |layer includes a silicon dioxide and silver

or nickel diff ufpliig¥ @cbhtBlagér ih€lading o8 bflsilvier Bid hibkel DAGROBintimgddyet,0 form
t he conductive binding |ayer by annealing at a selected tenperature for a

predet er mi ned panmealingthe elegodestiugipse ator selpsteddemperaiss fonageedetarmined] f or ned
on the sec I of | i ¥ I Lo udiing
silver or ﬁ]i%g gﬁgf%rcr?ggol(s)ﬂrl]le ;éﬁéem'{lgé @Pﬁ gfgllvﬁggﬁlﬁlﬁ%{%%ﬁg g?éeﬁil}ﬂglél,g l%g’%gllhn t he

| ayer of ger manpldfariaigcthe drctiddesstheturé fo fdapadiamascenk kilvertayek &t thanneal i ng
for a selected tine period to cause a predeterm ned | evel of chem sorption
of silver eRDH}Eckel fromthe third |layer to diffuse into the |ayer of
germani um sel enide material. 38. A nethod of naking a el ectrode structure,
conprising: formng a first layer of netallization; formng a dielectric

| ayer on ad4xur f Aarethdd dfwaaking atmdngore cell foomprismgan opening in the dielectric
| ayer to expose_a portjon of ttf(jc%p(gur.f ace of the first layer; formng a

bi ndi ng | ayer ofPTRING it Byenq Srtive TS t he exposed portion of the
surface of the sl A@g@gﬁcflgy%ﬁgsaﬁwqgehgyﬁ?e@f metal | i zation on the

bi ndi ng | ayer; annealing the €l ectrode structure to cause netallization
from t he secondfdrmingan 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.

43. 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



to diffuse into the binding | ayer and to provide adhesi on between the first
and second layers of netallization; and planarizing the el ectrode
structure by a chem cal /nmechani cal planarization process to form an

i sol ated metallization structure formedsyn the opening in the dielectric

| ayer. 39. A nethod of nmaking an el ectrode structure, conprising: 34
formng a first layer including one of tungsten, nickel and polysilicon;

form ng a di el eginehiind Y lenty del$ i dauSEcorduétie rhatesal frody e, thir@ ldye® an
opening in the dielectric |layer to expose a portion of the surface of the

first | ayediffupgintg thg layepphegrmgniuaysalenides| udi ng a silicon di oxide on the
dielectric layer and on the exposed portion of the surface of the first

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

bi ndi ng | ay&r; Themethod od clalie 48] whéreindRe Sdricetidtion ofigendiiie ¢é ssledidarper at ur e
for a predetermned, tine period to control the chem sorption of silver or
ni ckel i nt i thegemmangim selenidelayerdis hetyesn about il AP Srand ab?‘éé‘p?@de structure to
form a damascene silver layer in the opening. 40. A nmethod of naking an

el ectrode structure, conprising: formng a first |layer of conductive

mat eri al ; 4%r m Agnethol ef making a memyry celh canpuisingce of the first |ayer;

expose a por {1 oD AL LA GRUEHEM i [ ot | ayer. formng a conductive
bi ndi ng | ayer ol Adilebficayer bRUShrfaRbIRe fiREla§KROsed portion of the
surface of the first layer; and formng a second layer of conductive
mat eri al on t heformimgan opeaingiimtherdjelectyie layer Wiexppsavepdrtian of thewsuifags ofn
el ectrode ﬁlterf#gttlallj};e%’ conpri si ng:
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.

46. 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




I,/ /i

formng a first layer including one of tungsten, nickel and polysilicon;
formng a first dielectric layer on a surface of the first layer; formng a
second dielectric layer on the first dielectric layer, wherein the first
dielectric layer has an etch rate fastgr than the second dielectric |ayer;
formng an opening in the first and second dielectric |layers to expose a
portion of the surface of the first |ayer, wherein the opening includes a

reentr anty plfhb bea ldlcotédSAPERA ford fleddahfAGepdiodofitne ch rate between the

first an eco ectric layers; formng a binding |ayer [ncluding a
silicon di oxi derming & hayesefgamhanival sebanidecmaterigleon the second tayer %tlx%]éfgred portion
of the surface of the first layer; 35 formng a second |ayer including one
of silverBK§ehi ckel on the binding |ayer: annealing the el ectrode

structure at g,$8hgq A la§oMIREIAdME Silérlor aidkekstemhe layienefigdrmapiuper i od to
control the chem sorption of silver or nickel into the binding |ayer; and

pl anari ziselgnidagandl ect rode structure to form a damascene silver |ayer in the

openi ng. 42. A neiod of ) 28 3 R e fdyin AT P GBI BRLNG a 1 15t

| ayer of cond 2EY orm ng ectric layer on a surface of
the fir stvedd@mickePfrointbe Mirdd@@Ritediffuse irtetidilayes of germanmyeselerddexpose a

portion of the surface of the first layer; formng a binding |ayer on the
di el ect rimatetddler and on the exposed portion of the surface of the first
| ayer; formng a second | ayer of conductive material on the binding |ayer;
formng a | ayer of doped chal cogenide material on the second | ayer of
conduct i wg. mat & rietlad ofmehkiing ainemosy ¢dil, comprsing: of conductive material on
the Tayer of doped  adhat 15 St SeiTRl Shlafihial,
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

48. 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;




43. A nmethod of meking a menory cell, conprising: formng a first |ayer of
conductive material; formng a dielectric layer on a surface of the first

| ayer; formng an opening in the dielectric |ayer to expose a portion of
the surface of the first layer; form ngga binding |layer on the dielectric
| ayer and on the exposed portion of the surface of the first |ayer;
formng a second | ayer of conductive material on the binding |ayer;

form ng a | ayer fovhirges dislettin s eniadarfacd éthafirsoluythie second | ayer of
conductive material; formng .a third |layer of conductive terial on the

| ayer of ger manfoisHngsan enpg;in &rﬁﬂlglscmaxﬁyéétq FPOsHEPIFHEAD Pg&SéP‘Ifa‘iecPfc ause
conducti vegatani@.. fromthe third layer to diffuse into the Iayer of
germani um sel eni de.” 44. The nethod of claim43, wherein the concentration
of ger mani um t ofcsmirga biadingayteh en ¢er dielactrimlayet amd aethe @yposed potimnwden about

15/ 85 and gbout. 40/60. .45 A nmethod of nmaking a nmenory cell, conprising:
formng a &ﬁersg‘ffa‘fea‘ifé#‘e st %6 1 i zation; forni ng a dielectric layer on a

surface of the f‘drﬁﬁg{dﬁ@ﬁd laﬁr&fdfic@ﬁd@ﬁveﬂf‘a@rﬁgoﬁ'Ehetﬂiﬁ‘diﬂig plygstric layer to
expose a portion of the surface of the first layer; formng a binding

| ayer i ncl udi ngfesimingolayeti afydoged chaldogenide siatarial o thegemddayerofi  t he exposed
portion of the surfatce le he first layer; formng a second | ayer of
met al | i zat FONUEH S ARCHFngR g layer; diffusing nmetallization fromthe

second | ayer i nf@mirdpea thirddayed of edtRiuctivemateidl oh thaysger 6 dopbal cogeni de
material on the second |ayer of netallization;
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;
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 material; and
annealing the memory cell to cause conductive material from the third

layer to diffuse into the layer of germanium selenide.

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

forming an array of memory elements; and




formng a third layer of nmetallization on the |ayer of chal cogenide

material; and annealing the nmenory cell to cause netallization fromthe
third layer to diffuse into the layer of chal cogenide material. 46. A
met hod of nmaking a menory cell, conpriging: formng a first |ayer of one of

tungsten, nickel or polysilicon; formng a dielectric layer on a surface
of the first layer; formng an opening in the dielectric |layer to expose a

portion of the,shinkaAGRerRéry cell@sdolciatdd Wity €dch niemidry eipneenbiwietireig | ayer
including a silicon dioxide on the dielectric |ayer and on the exposed

p_olrtion dbnphger@hmamﬁr)melltin@lww st layer; fornming a second | ayer of one of
silver or nickel on.the cagnductiv L Qg Pl | silver or
Forge A ey orth o b 8F tullsten HREL orhiolyiions

ni ckel into the bi om ayer annealing at a

sel ect ed tenper at urgrhip adlidle@eelaenvme sunfieeiofthedirstlaye; forming a layer of
germani um sel enide material on the second .| ﬁg’er(ratpof silver,. | ckel ;
K

. . s M Or
folr m ng a thhrd | ayferming@nepenge & thedielestric, eéﬁosteﬁémlrté%?ft f ger mani um
sel eni de; ¢ eal .ng the menory cell to cause a predeterm ned |evel of
chem sor ps[‘ﬂ?%ﬁeg?tﬂeziﬁt\; re_}’or nickel fromthe third |l ayer to diffuse into the
| ayer of ger mani um foghiigiasindinglayet alcludiig a silicrat dioxide on theidielgetiic nenor y

cell, conprising: formng afir | ayer of conductive material; formng a
first dielapertand©nithgexpo @@%Pé‘&?&s a‘ier?gﬁﬁ r§€1%y%f§/er; forning a secogd

dielectric layer Onfolhlﬁﬁlgfa{ §e§$ncplia?ér52ﬁtoh€ of LiBMebr nickel on the conductive

binding layer;

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

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

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

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

germanium selenide material.

51. 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 arow 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:




formng an opening in the first and second dielectric |layers to expose a
portion of the surface of the first |ayer, wherein the opening includes a
reentrant profile in response to a difference in an etch rate between the
first and second dielectric |ayers; fojgring a binding |ayer on the second
dielectric layer and on the exposed portion of the surface of the first
| ayer; formng a second | ayer of conductive material on the binding |ayer;
formng a | ayer of chal qpggippddirs@hgiriofbomiuctiiemareied | ayer of conductive
material; formng a third |ayer of conductive material_on the [ayer of
chal cogeni de material ; fardingariieletrig layreome serfage o€ the firgt la¥tise conducti ve
material fromthe third Jayer t < '
chal cogeni de material 4 _orr%}nﬁg{) %Bﬁgy ?%E}dﬁegéc?%%rrty%@és?é Onéﬁi)nn%fri si ng:
form ng aRe aurfR¥ oPthefsiayerel enents; and formng a nenory cell associated
wi th each nmenory el enent, wherein_ formng each nenpry cell jncludes:
forming a first |ayer offoramaadindiag MF%?Q@P%@@‘“%%W@%‘%?@ ectric
| ayer on & ﬁ&rd‘;)%(r‘t?onogftflg'ﬁﬁ%cé%Eﬂle%?trléyécror m ng an opening in the dielectric
| ayer to efpos a portion of the surface’ of the first layer; forming a
bi ndi ng | ayer on the di efoaningiasetenddayearrnd comluctiee matsvigken hobinding of t he
surface of the first layer; formng a second | ayer of conductive materi al
on the bilA¥%hg layer; forning a |ayer of doped chal cogenide material on
the second |ayer of Conxﬁlﬂﬁﬁgvaqay@to%abﬁéd: chaRGgdRadina@rial dhe dedoayier of
conductive material on the layer” of doped

layer of conductive material; and

forming a third layer of conductive material on the layer of

doped chalcogenide 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:
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




chal cogenide material. 49. A nethod of nmaking a nenory system conprising:
formng an array of nenory elenents; and formng a nenory cell associ ated
wi th each nmenory el enent, wherein formng each nenory cell includes:
formng a first layer of conductive matgyial; 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 layer; form ng a binding
layer on thgdflb@dyegtric layer and on the exposed portion of the surface of
the first ]Jayer; form ng a second |ayer of conductive nmaterial on the

bi ndi ng | ayer; f or ndiffysiagisiverior oickgleinteethe binding layardonptieri al on t he
second | ayer o cgnducti,ve paterial: formn i nducti ve
mat eri al o??c?lh‘izlap' eyran&feala’egraftrﬁﬁf’ %ed Legpperd eegfﬁg% é&ﬁéﬁ@%ﬁ%ﬁgﬁé&%ﬁi ng the
menory celd#imk0 cause conductive material fromthe third layer to diffuse
into the |ayer of gernmani um sel enide. 50. A nethod, of making a nengry
system conprising: forming algyerefgemaniun senide pagriahan the segond layer of o1 i ng a
menory ceI%ilV%%llp l'é@l,ed wi th each nmenory el enent, wherein formng each
menory celT 1T ncludes: formng a first |ayer of one of tungsten, nickel or
pol ysilicon; forn nfprming ethérdtayee inchuding sitveposnicked or tief laydreoff i r st | ayer;
formng an openjing in. the éii electric layer to expose a portion of the
surface of SNt sglenidg; apd

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.

53. 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.

54. 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:



formng a binding layer including a silicon dioxide on the dielectric

| ayer and on the exposed portion of the surface of the first layer; formng
a second | ayer of one of silver or nickel on the conductive binding |ayer;
di ffusing silver or nickel into the bigding |ayer fromthe second |ayer by
anneal ing at a selected tenperature for a predeterm ned period of tine;
formng a layer of germanium sel enide material on the second |ayer of
ISIIver ]g)r ni ckel ; fﬁhﬁ}ﬂg&tgsﬂhyérg)fWﬂﬁlzétml udi ng silver or nickel on the
ayer o ger mani um sel eni de; and anneal i ng the no, cell to cause a
loredeterm;jn?d Ievelfoﬁfllngcaﬁbﬁ}ie%tﬁﬁéﬁylebﬁnBﬁuﬁﬁgqe\ﬂgﬁh“g&%{%?él fromthe third
ayer to diffuse in e | ' (pr=Yay 6 51. A

nmet hod of making a %)e%nn%lgyans@\é]?i%ﬁl%ghg%‘?%ﬁﬁg% lfstgr& %%eaal?l@{éﬁgf/dhgf menory

el ement s arfasgfieifistiayes;, and colums; forming a plurality of address

| i nes each coupled to one of .a row or .a | um, of no, el e ts; d

forming a plurali tyfoéml%a&lﬁn‘ihpﬁéaé’eé%ﬂleégaﬁ‘ftﬂﬁlaly8r ﬂﬁo%ﬁi‘ggx?% (r)]r Sa 22I umm

of ”Em)rgorﬁl)x?ma{ﬁte%urfm%f‘?ﬁﬁxfspfa?@ﬂ?g each nenory el ement includes: formng
u

a transistor Inc Ing a gate tefmnal coupled to one of the plurality of
address |ines and afosmitrgcesedomd lay¢rarfmetallizasiomyinglie bisdingdayst; the plurality

of data lines; and formng a ry cell, coupl ed 1.0 r [ dr ai
terninal of the 't r%ﬁ@%’?‘? eWﬁn&% %mfﬁjf?ﬁon(‘é‘u?% eﬁ%&%ﬁé}gﬁgﬁm‘?ﬁg{ ﬁges:r a|48
form ng aséc?ﬁfﬁgé%%ffﬁge ifBNALIEInlNG 145k ahd &) protide alllRg@ion bitwedenche i ¢ | ayer on

a surface o first layer;
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.

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 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.




formng an opening in the dielectric |layer to expose a portion of the
surface of the first layer; formng a binding |ayer on the dielectric |ayer
and on the exposed portion of the surface of the first layer; formng a
second | ayer of conductive naterial on ghe binding |ayer; formng a |ayer
of doped chal cogenide material on the second |ayer of conductive material;
and formng a third | ayer of conductive material on the | ayer of doped
chal cogeni de material. 52. A nmethod of making a nmenory system conprising:
formng an_array of nmenory elenents arranged in rows and colums; formng
a pluralit$.of wﬂ@gyfm%mg@a@wtr@@mye@nwom@sl@g: a row or a colum of

menory el enment s; rm.ng. lurality of data |ines each coupled to one
of arowor a Ct(“)olnﬁ%%J rog%r?%%b%gfpel enents, wherein form ng each nmenory

el ement i ncl udeformingrdine@osy dyseAstdiplad to el protesgporawheretn foaningnd coupl ed to
one of the plurality of address lines and a source/drain term nal coupled
to one of MR@OP tysieMm igludesidata Iines; and fornming a nemory cell coupl ed

t o anot her Sourfbﬁéﬂ{ﬁn{hﬁa ro'i“irr{é?ﬁofr?fele'ir{% ts: bfgnsi stor, wherein formng the
udes: ' y

menory cell inc - formng a rst Tayer of one of tungsten, nickel or
pol ysilicon; fformingp menibgl etlitassaidtad/with eachamemofyademerft, whereini r st | ayer;
form ng an openjng.in the diele rif: | ayer to expose a portion of the
surface of the ing sagh memory, pelf WGludesi ndi ng 1 ayer including a silicon

di oxi de on the %g@q ﬁgsplayépdfgbnmvgﬁla}g;&hexposed portion of the surface
of the first af%?rrn,ing 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.

57. 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;



formng a second | ayer of one of silver or nickel on the conductive 41
bi ndi ng layer; diffusing silver or nickel into the binding |ayer fromthe
second | ayer by annealing at a selected tenperature for a predeterm ned
period of time; formng a |ayer of gegqrani um sel enide material on the
second | ayer of silver or nickel; formng a third | ayer including silver
or nickel on the layer of germanium selenide; and annealing the menory

cel | to cause RrRRAHLiRIiE MSer bewr!didéctric kst & ¢i the Bxfsed portien obr ni ckel
fromthe third layer to diffuse into the Iayer of germani um sel enide

naterlalth§&nﬁmem§ﬂﬁdaSbEYﬁhklng a sem conductor die, conprising:
providing a SgP%ﬁféaﬁs&c 18Y %tf%g d&’ﬁ@%@{e Q{&ﬁ fl‘%lﬂlﬁdl %BPQFted by the

substrat e; € cou I nt ated circuit,

wherein formng t hefonﬁh@@lhﬁd%f igehanihaf sel‘eﬁme‘magerml on t}mtsetcayddayewfof
conductlve material; formng a dielectric layer on a surface of the first
| ayer; @}“@ﬁnﬁiﬁéﬂi ng in the dielectric |ayer to expose a portion of

the sur f ace of thegfifls ¥ Hyer BP‘?Jﬂdﬁ&l\’% rﬁ?t@ﬁ'élrlﬂ th@MGér GFtohdigetieel ectric

| ayer and on the expose portion o he surtace of thé first layer; and
form ng am@eaandndayer of conductlve materi al on the conductive binding

| ayer. 54. A method of iSing: ..
Y annealing tlhe %e?nosrg r(pe %ncglld(s:é gorndgclztn/e mstonal from the third

layer to diffuse into the layer of germanium selenide.

58. A method of making an electronic system, comprising:
forming a processor; and
forming a memory system coupled to the processor and including a plurality

of memory cells, wherein forming the memory system:

forming an array of memory elements arranged in rows and columns;

forming a plurality of address lines each coupled to one of a row or a
column of memory elements; and

forming a plurality of data lines each coupled to one of 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;




providing a substrate; formng an integrated circuit supported by the
substrate; and formng an electrode structure associated with the
integrated circuit, wherein formng the electrode structure includes: 42
formng a first layer of metallizationjysformng a dielectric |layer on a
surface of the first layer; formng an opening in the dielectric layer to
expose a portion of the surface of the first layer; formng a binding

| ayer on the di el ectginfing a¥&¥er 8f\@bpRa chileognitiegndteriglontthosecofid laer afur f ace of
the first layer; formng a second |ayer of netallization on the binding

I ayeri:I I armataicmg_mfa;mablaeét rode structure to cause netallization fromthe
secon ayer to diffuse in Lendl : o ' dhesi on
between the first at?llgug%ééﬁ{)& P%}le)drfs%g%@&rtrlggg eirf’z%gg? gﬁ;lg}gaeﬁgfglg%e?ari zing the
el ect r ode chhlcosdniieam&x¥ridl. chemi cal / mechani cal  pl anarization process to form
an isolated netallization structure formed in the opening in the

di el ggftri c | aygr. 55. A nethod of nmeking a sem conductor die, conprising:
provi di ng su ; ' ' | .t supported by the

Cubst rat o and & BHoRiet R e o el 11 t e

i ntegrated ci r duihing whpedeessor; dndr m ng the el ectrode structure includes:

formng a first_layer including one of t t I ck AR ;
forning a diel efe’_fmling al"é?’é‘?ryéﬁs" é‘ﬁl‘?laééo @P%?cﬁzggﬁof ?Ii‘fmi%i%/lgn%da @gi}a}r;@ngl ;ﬁn’
openi ng i ety s QLIRS Witefein Atfling Be BERRTF spstdiy tion of the surface of the

first layer;

forming an array of memory elements arranged in rows and columns;
forming a plurality of address lines each coupled to one of arow 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
forming a third layer of conductive material on the doped layer of

chalcogenide material.




formng a binding layer including a silicon dioxide on the dielectric

| ayer and on the exposed portion of the surface of the first layer; a
second | ayer including one of silver and nickel on the binding | ayer;
anneal ing the el ectrode structure at a,gelected tenperature for a
predeterm ned tine period to control the chem sorption of silver or nickel
into the binding |ayer; and planarizing the electrode structure to forma

damasceneggi | VArmbRyAS cellNcorhpisigpeni ng. 43 56. A nethod of making an
el ectronic system conprising: formng a processor; and formng a nenory

syst em coupl edatfisstiayer pf ennduetive mataalei n fornming the nenory system

I ncl udes: form an.array, of nory.el egent s, .and formng a nenory cell
associ ated w tﬁﬁ%é%cﬁn%wyfyng? QUL ‘%f%@?garlﬁ%rsftzﬁyﬂ’ng each nmenory cell

i ncl udes: f or mam@péhing fosied ByRid ditlec@ivdand it/ €xpoBé & Fbﬂﬂoh of aistifa® of

dielectric layer on a surface of the first layer; tormng an opening in the
di el ect ri g2l fiysdlayes expose a portion of the surface of the first |ayer;

of "the surt ach BRIt ufid BEEE By SRR Bl BRBRER 07"

mat eri al asutfive diisaidifisg lhyeyer; formng a | ayer of doped chal cogeni de
material on the secgnd | ayer of ., conduyctive materjal;. and formng a third
| ayer of conduéts?c\?égﬁﬁeEP candyctivejpatprig] dprmpd pindinglaysEeni de materi al .

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.

61.  The memory cell of claim 60, 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.

62. 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




57. A nethod of making an el ectronic system conprising: formng a
processor; and formng a nenory system coupled to the processor, wherein
formng the nenory systemincludes: formng an array of nenory el enents;
and formng a nenory cell associated wyjh each nenory el enent, wherein
form ng each nmenory cell includes: formng a first |ayer of conductive
material; formng a dielectric layer on a surface of the first |ayer;
form ng apaefeni ng in the dielectric |ayer to expose a portion of the
surface of the first layer; 44 formng a binding |ayer on the dielectric
| ayer and on the exposed portion of the surface of the first |ayer;

form ng- aepecot Lersty SluhoBiahl ¢ RS LA sBal M PLAgalvayer {orr ng

a layer of ‘gernmani um enide nma e secon ayer conductive
mat eri al ; mhwefialivg n@etélhay‘dil ahdyaid biridinpoagktComypeisesaincyxidy 1a5aen ahfendtalyer of
conductlve materi al ; and_anneal ing the nmenory cell to cause conductive

mat eri al ﬁ?@ﬁﬂdw&cmﬁhlwrdvf&ssélrttesmlmﬁseéamto the layer of germanium

sel enide. 58. A nethod of making an electronic system conprising: formng
a processor; and formng a nmenory system coupled to the processor and

I ncl udi ng64a pl Analectrynic ofstermn@mypriselg: S, wherein form ng the nenory system

formng an array of nenory elenments arranged in rows and colums; form ng
aplurality ofaéﬂ’ﬂ?sé%a{‘ nes each coupled to one of a row or a

a memory system coupled to the processor, said memory system comprising at
least one memory element including:

a first layer of conductive material;

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

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

a binding layer formed on the dielectric layer and on the 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 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.

65.  The electronic system of claim 64, 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.

66. 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




colum of nenory elenments; and formng a plurality of data |lines each
coupled to one of a rowor a colum of nmenory elenents, wherein formng
each nenory elenment includes: formng a transistor including a gate

term nal coupled to, one of the pluraliyty of address |ines and a
source/drain termnal coupled to one of the plurality of data |lines; and
formng a nenory cell coupled to another source/drain termnal of the

t ransi st or saidifst Biyer;f ormi ng the nmenory' cell includes: formng a first

| ayer of conductive materjial; formng a dielectric |ayer on a surface of
the first | ayerformigs bigdiag laysenn ﬁ@d%wlqcmc layen andion;said expesedmortiisigise a
portion of . .he first layer; formng a binding |ayer on the
dielectri ca%‘gﬁaéf%g% &l%%t?%?'g}’exposed portion of the surface of the first

| ayer; form ng formépanstcoiyyeraff condultiot maerizhde sdid binding lagerbi ndi ng | ayer;
45 formng a |l ayer of doped chal cogenide material on the second | ayer of
conduct i ve mat eforRINg alayeriod varipkle sesistance matgpish ovar saidisacRndilaeT Rt eri al on

the layer of,qdoBRInaEha W@@ﬂﬂﬁ% ﬂg?irst%ﬁci:@lhateﬁgl' beﬁlsgg%ﬁ@%%él%%é%gigﬁﬂc@n

I
el ectroni c system conpii sing: rmng a proces rmng a menory
syst em coumpidedtiednflimce obaregsphied aoladenatdidi ng a plurality of nenory cells,

wherein formng.the nepory system. form ng.an array. of mary. el ement s
arranged in rom@@ﬁ@%‘gﬂd%ﬁ}l&?wm’%‘@%atgﬁl (R @P’era‘gg’ta&@@el i nes each
coupl ed t OreQRBNEd matefigww or a columm of nenory el ements; and

67.  The method of making a memory cell of claim 66, 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.

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

forming an array of memory elements; and |

forming a memory cell associated with each memory element, wherein
forming each memory cell includes:

forming a first layer of conductive material;

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

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

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.




formng a plurality of data |lines each coupled to one of a row or a colum
of nmenory elenents, wherein form ng each nenory el enent includes: formng
a transistor including a gate termnal coupled to one of the plurality of
address lines and a source/drain term gl 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 formng the nenory cell includes:

formng aghi rsimt felodeft nbANEHLkMGr/BYs@A of claifio6Eyivigrein diié baondi ¢ | ayer o
a surface of the first layer;” formng an opening in the dielectric layer to
expose a payet ofnondiictivieenaterial isxmetsl layprand wblngyéﬂ%m SMPAPTGS 82 bi ndi ng

| ayer on the dieleciric.layer.and . : | f the surface of
the firstOF yjer?%{r[q{s%hg%ssggfgsgaor} a?éér}%éﬁ&ggzﬁggﬁa\%ﬁdﬁg?ye% al on the
binding layer; formng a |ayer of doped chal cogenide material on the
second |l ayer of conductive material; and formnpg a third |ayer of

conduct i vf!lomatérmaﬂhodnfmqua@p@bpcua%rsymm,m 2ni de material. 46 60. A
menory cell, c r.i sl ng: drst layer of conductive naterial; a dielectric
| ayer forned ogo 1%??%58&8%3%% d first layer; an opening formed in said

di el ectric | aye@smiifg 8 XRasRy Sysean toupledfo the procésios wdikreis farohing thst | ayer; a

bi nding layer fornmed on said dielectric |ayer and on said exposed portion
of a surfgmorysysien inglpdesy | ayer; a second |ayer of conductive materi al

formed on said fgﬂnﬂgé ngaxlr@/@fﬁlemory 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 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 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.

71.  The method of making an electronic system of claim 70, 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.

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

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




a layer of variable resistance material fornmed over said second | ayer of
conductive material, said variable resistance naterial being able to change
resi stance under the influence of an applied voltage; and a third |ayer of
conductive material fornmed over said | gyer of variable resistance
material. 61. The nenory cell of claim60, wherein said second | ayer of
conductive material is a netal |ayer and said binding |ayer conprises an

oxi de | ayer ang ss@halayef bpEBndattvesharendl thayer onkald biadidgilaes; sai d oxi de

| ayer. 62. A nenory system conprising: an array Qf me el enents, each
menory el ement ailayet ofiyasigble rasistancgrmateryal formmed Qyigh sad SRFONAIAYEF Phl - a
dielectric | r for Q . ' l: , L ng forned
in the. di SR RTeRGORE B8 i RRRoR, AR pibE Ll By BlangSRSRRAR 10

| ayer; a bhdwitginflages of an epslicdvoitage add el ectric | ayer and on said exposed
portion of a surface of said first | ¥er; a second | ayer .qf conductive

mat eri al forrreﬁﬂaff“@&ﬂcpfﬁpﬂ‘é}}cﬁ(}iep%“é?f ogmed pxer $34d laxeri ol WRRARIG o st ance

mat eri al te%f 'f%[@eﬁm‘é‘?erriaﬁai d second | ayer of conductive material, said
S

. S| . . .
vari abl e resistance naterial being able to change resistance wunder the

i nfl uence of an applied voltage; and a third [ ayer of conductive materi al
formed over said variable resistance 47 terigl. 63. The menory system of
clai m 62, her dNf MEHYY g%&gﬁém,nh rwﬁwelggﬁgagqoll‘@éayeﬁgf ‘é%tagftl‘fes a net al
layer and salifh i DelbDlab ARl sGRBIHAIAE BydFconpifies Avle Byer dmiadtal from said
second | ayer r%”%f useﬁgiakto said oxi d% I).,ayedr?@ 64. An electronic system
conpri si ndrom said second layer diffused into said oxide layer.

74. A memory system, comprising:

an array of memory elements, 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 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.

75.  The memory system of claim 74, 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.

76.  An electronic system, comprising;

a processor; and

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

a first layer of conductive material;




a processor; and a nenory system coupled to the processor, said nmenory
system conprising at |east one nenory elenent including: a first |ayer of
conductive material; a dielectric |ayer forned on a surface of said first

| ayer; an opening forned in said dielecgiric |layer to expose a portion of a
surface of said first layer; a binding |layer formed on the dielectric

| ayer and on the exposed portion of a surface of said first layer; a

second | ayer ofa bisdigkiyevforiied 64 b shrficerofesidditstdayes; bi nding |ayer; a layer
of variable reS|stance naterlal formed over said second |ayer of
conducti ve mat &seeend layere P@sdugtlmtevaﬁom@om s Sindingdaydi ng able to

change resi St anqgyer YPStaHif\Rsislihbe SRR orAll SR kAL ¥lAAF prand a thi rd
OI’I’T'E F 'S

| ayer of conducti over sald variable re tance

mat eri al . cﬁﬁduciiherrmteml rsmdlresmmmeenanaﬁle tdsistance beinglablead champedessamed | ayer
of conducti naterlal S aBﬁ;t | ayer and said binding layer conprises
an oxi de ['H %‘r %H’cﬂ“ﬁ%‘iea‘? I3e&8nd | ayer diffused into said oxide

layer. 66. A malibogl 9t Mh?@ctﬁrema)f f&%{eh’ovﬁpﬁi)d{raﬁiaﬂﬂares&ﬁﬁé@ ng a first

| ayer of conductive terial; formng a dielectric layer on a surface of
the first masgreal; forning an opening in said dielectric |ayer to expose a
portion of a surface of 48 said first layer; formng a binding | ayer on
said dielectric layer and on said exposed portion of a surface of said

r irst layegy;, fqmeieRgtranie¢AH of dMah 76f whGemUald séBortBlagéri Tlcofuctidé d bi ndi ng
ayer;
Y material is a metal layer and said binding layer comprises an oxide layer and metal

from said second layer diffused into said oxide layer.

78. 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.

79.  The semiconductor die of claim 78, 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.

80. 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;

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

conductive material, said variable resistance material being able to change resistance




formng a | ayer of variable resistance material over said second |ayer of
conductive material, said variable resistance naterial being able to change
resi stance under the influence of an applied voltage; and formng a third
| ayer of conductive material over said Jayer of variable resistance
material. 67. The nethod of nmaking a nenory cell of claim66, wherein said
second | ayer of conductive material is a metal layer and said binding

| ayer connﬁluslqﬁea{ﬂlgmmanlazygﬁéd%]&gml fromsaid second | ayer diffused
into said oxide |ayer met hod of making a rrermry system conpri si ng:

form ng an arr§9nmng#ém&ayen<§r¢9nd@twamt¢rml avergaid layaref yaable associ at ed
W th each gr&&g IjiTa'ﬁnt wherein formng each nenory cell includes:
formng a Iayer of conductive material; formng a dielectric |layer on
a surface of the first layer; formng an opening in the dielectric layer to
expose a portiaon of the surface of the first layer; fornmng a b| ndi ng

| ayer on tHe dﬂéneée%th%Oﬁray@Pg amemy celbobslaigy 8¢ W@Péﬁdé@o& 12§ f ace of

said fi rs"of'c@ﬁ(cﬁfc?vé erafgn'agls% n?&&lqgfe laﬁxg& (Bin n@@steﬁlr )g{i on the

bi ndi ng | ayer ormng a layer var i a tanc mat er | over said
second | ayayer ahd memhﬂnnt saudasamhcélayai diffamddnhoesmdabh@ lapari st ance materi al
bei ng able to change resistance wunder the influence of an applied voltage;
and formng a third | ayer of conductive material over said |ayer of

variabl e ghesi S ARARIGERRIIRY a méRonPSster)onptifiag of making a nenory system
of claim68, wherein said second Iayer oOf conductlve material is a netal

| ayer and sai d foinnidg ay afray ef memopy ¢lementsyand

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 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.

83.  The method of making a memory system of claim 82, wherein said conductive
binding layer comprises an oxide layer and metal from said second layer diffused into

said oxide layer.

84. A method of making an electronic system, comprising:
forming a processor; and

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



oxi de | ayer and netal from said second |ayer diffused into said oxide

| ayer. 70. A nethod of making an electronic system conprising: formng a
processor; and formng a nenory system coupled to the processor, wherein
formng the nmenory systemincludes: fomng an array of nenory el ements;
and formng a nenory cell associated with each nenory el enment, wherein
formng each nenory cell includes: formng a first |ayer of conductive

mat eri al ; phéidhyRYstémdhthdsiri c | ayer on a surface of the first |ayer;

form ng an opening in the dielectric |ayer to expose a portion of a surface
of said first fpugiag an pgayiphgenon; dlemerfSiader on the dielectric |ayer and
on the exposed ot 8% Hlory LBF aSHEEARSR edRSneldrs blehAE wheldth M N9 @ second
| ayer of conductive®m TR oA RE i h I ng layer; oring a | ayer of

vari abl e rfeshiag aachememblrdetllincdudss: sai d second | ayer of conductive
material, said variable resi s%ance mat eri gl. being able to change resistance
under the infl Jemeing gfirgtlayes of pondugtiya Mgstialang forning a third | ayer of

conductive mat %fnﬁhgg%inﬁﬁﬁéjlayé}y&faerfa\éé‘?fsga%ﬁrst[ j.stance material. 71. The

met hod of making an”electronfc systemo I'm 70, wherein said second
| ayer of condudbimiagaaeaniddiyer of comipttave hatgsal carsdidshkindinpilayéi;ng | ayer

conprises an ide layer and. petal., from sai.d second |a di ffused into
sai d oxide |ay g%r_.mu?é _a? eﬁgﬁwgﬁeerpflystap’%ﬁeg YT $e pge ﬁgfag%? of
f onduct :5‘6%0%30%% #aterfal, RhiadiaRigble 2ydtardce nidRetiad Being ableltd eRarRk résidtshcki r st
ayer;
under the influence of an applied voltage; and
forming a third layer of conductive material on said layer of variable

resistance material.

85.  The method of making an electronic system of claim 84, 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.
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51 a binding layer fornmed on a surface of said first |layer; a second |ayer
of conductive material forned on said binding |ayer; a |ayer of variable
resi stance material formed over said second | ayer of conductive material,
sai d resi stance vari abl e resi stance being able to change resistance under
the influence of an applied voltage; and a third |ayer of conductive
material fornmed over said variable resistance material. 77. The electronic
system of claim 76, wherein said seconsi/gayer of conductive material is a
nmetal |ayer and said binding | ayer conprises an oxide |layer and netal from
sai d second |layer diffused into said oxide |layer. 78. A sem conductor die,
conprising: a substrate; and an integrated circuit supported by the
substrate, wherein the integrated circuit includes at |east one el ectrode,
the at |eas nenel ectrode including: a first layer of conductive material;
an oxide binding |layer fornmed on a surface of said first |ayer, wherein the
oxi de binding | ayer can be nmade| conduct.i or at legast sem -conductive; and
a second | ayer of conductive material for'ed 0@®%he bi ndi ng layer. 79. The

sem conduct or di claim78 erein said,ge onduct i ve
material is a rret:;%ﬁ yeof /add’ <bild bi ndi ng layer r""‘”m oxi de | ayer
and netal from d secomd—tayel] diffused into s Hc oxl de | ayer. §80. A
nmet hod of making a nmenpry cell, :onprising forni’g a first [l ayer of
conductive material; fprmng a bijndi ng (a&ﬁr on a ‘urface of \sai d[)first

| ayer; formng a seco d | ayer of [iconductlive materi@ll on said Rindijng | ayer;
formng a |ayer o i abl e resi $vadcb Wareridl duerl said second &ayer of
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conductive material, said variable resistance material being able to change
resi stance 52 under the influence of an applied voltage; and formng a
third | ayer of conductive material over said |ayer of variable resistance
material. 81. The nethod of naking a nenory cell of claim80, 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 said oxide |ayer. 82. A nethod of )ng a nenory system conprising:
formng an array of nenory elenents; and formng a nenory cell associated
wi th each nmenory el enment wherein formng each nenory cell includes:

formng a first layer of conductive material; formng a dielectric |ayer on

a surface of the first layer; formng an opening in the dielectric layer to

expose a port0-oN a surface of said first layer; form ng a binding |ayer

on the dielectric I r and on the exposed portl‘on of the surface of the

first |ayer; form,ﬁg agsecont/| dyer” Of conductl\if ot ”Mm e bi ndi ng
7

| ayer; formng a of doped challgogeni de ngtlerial on the sg¢cond |ayer

of conductive rrat%\rz,l—a mng (A third | aydr o 3 e mat eri al
on the layer of dopgg mmm&m At er i 9J/2.0€8:; THe ’iv@’ maki ng a
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form ng a processor; and form ng a nenory system coupled to the processor,
wherein formng the 53 nenory systemincludes: formng an array of nenory
el enents; and form ng a nenory cell associated with each nenory el enent,
wherein form ng each nmenory cell includes: formng a first |ayer of
conductive material; formng a binding |ayer on a surface of said first

| ayer; formng a second | ayer of conductive material on said binding | ayer;
formng a | ayer of variable resistance ngyerial over said second |ayer of
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. 85. The nethod of maeking an el ectronic system of claim 84,
wherein said second |ayer of conductive material is a netal |ayer and said
bi ndi ng | ayer,qonpri ses an oxide |layer and netal fromsaid second | ayer
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