31 May 2005 1 DESCRI PTION METHOD OF FORM NG NON- VOLATI LE RESI STANCE

VARI ABLE DEVI CES AND METHOD OF FORM NG A PROGRAMVABLE MEMORY CELL OF
MEMORY Cl RCUI TRY 5 Technical Field This invention rel ates to met hods of
form ng non-vol atile resistance variable devices and to R@:@?Oﬁ% form ng
a programmable menory cell of nenmory circuitry. 10 Backgroun

Sem conduct or fabrication continues to sgrive to nmake individual electronic
conponents snaller and smaller, resulting in ever denser integrated

circuitry. One type of integrated%;s_?Morrprises nmenory circuitry
where information is 15 stored in t
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Non-vol atile nmenmory circuitry retai ns the stored data even when power is
interrupted. This invention was M K ‘WuﬁlﬁYvat ed i n making
| nprovenegts to the 20 design and operation of nenory circuitry discl osed
in the Kozi cEi aﬁ @I : H S. Patent Nos. 5,761,115; 5,896,312; 5,914, 893;
and 6, 084, 798¢ lod: i nat el y resulted fromU.S. Patent Application
Serial No. 08165ZnhidG6nvéntibedretated/blp BthodsO 96, formingl men-vglatilearesistanasf er r ed
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t her ebet weenmemetyecitayitrwii t hi n the dielectric material is a fast ion
conductor,zmaterial . The resistance of such material can be changed between
hi ghly insulative and highly conductive states. In Its normal high
resistive stRackarougd At forma wite operation, a voltage potential is
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el ectrode bein e a ero vo e or round he .el ec ving the
vol t age appl W@Fef%aﬁrﬁﬂdl fmg 'tﬁ'\%g' °"°r\/\ﬂ?'f'°‘8r inteorq %‘gf'%ﬂﬁyhel d at
zero or groudee typechf integyrated alrctatrh@dmpna'dsemaatow eircuitry where information is
15 stored in the form of binary data. The circuitry can be fabricated such that the
data is volatile or non-volatile. Volatile storing memory devices result in loss of

data when power is interrupted. Non-volatile memory circuitry retains the stored
data even when power is interrupted.
This invention was principally motivated in making improvements to the
20 design and operation of memory circuitry disclosed in the Kozicki et al. U.S.
Patent Nos. 5,761,115; 5,806,312; 5,914,893, and 6,084,796, which ultimately
resulted from U.S. Patent Application Serial No. 08/652,706, filed on May 30,
1996, disclosing what is referred to as a programmable metallization cell. Such
a cell includes opposing elsctrodes having an insulating dielectric material
25 received therebetween. Received within the dielectric material is a fast ion
conductor material. The resistance of such material can be changed between
highty insulative and highly conductive states. In its normal high resistive state,
to perform a write operation, a voitage potential is applied to a certain one of
the electrodes, with the other of the electrode being held at zero voltage or
30 ground. The electrode having the voltage applied thereto functions as an anode,
while the electrode held at zero or ground functions as a cathode. The nature
of the fast ion conductor material is such that it undergoes a structural change
at a certain applied voltage. With such voltage applied, a conductive dendrite
or filament extends between the electrodes, effectively interconnecting the top
35 and bottom electrodes to electrically short them together.



of the fast ion conductor material is such that it undergoes a structural
change at a certain applied voltage. Wth such voltage applied, a
conductive dendrite or filament extends between the el ectrodes,
effectively interconnecting the top 35ﬁ§nd bot t om el ect r od¢§1ayP005
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form Ag,Se, which effectively dopes the glass with silver. The applied energy

and overlying silver ultimately result in the silver migrating into the glass layer

such that a typical homogenous distribution of silver throughout the layer is

achieved.

25 Saturation of silver in germanium selenide is apparently at a maximum of

about 34 atomic percent or less depending on the germanium selenide

stoichiometry. Yet, preferred existing technology for cell fabrication constitutes

a concentration which is less than the maximum; in the case of 34 atomic

percent maximum, an example concentration would be about 27 atomic percent.

30 After the chaicogenide material is provided with silver to a desired

concentration, the top electrode material (typically silver) is next deposited. But,

as the silver doping/diffusion into the chalcogenide material approaches the

maximum or saturation, some Ag,Se was discovered to form at the surface and

remain there as opposed to diffusing into the glass. Further, the surface Ag,Se

35 was typically in the form of semicircular nodules or bumps anywhere
from 50 Angstroms to 20 microns across. Unfortunately when the typical silver
electrode material is subsequently deposited, such tends to mound on top of




percent maxi mum an exanple concentrati on woul d be about 27 atom c percent.
30 After the chal cogenide material is provided with silver to a desired
concentration, the top electrode material (typically silver) is next
deposited. But, as the silver doping/diffusion into the cha 9%@

mat eri al approaches the maximum or satuBation, sone Ag2Se was scovered
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silver conprimateral ajlke chalregenide matrsial &Qmﬁ‘ﬁﬁ%“r f‘:ﬁt v-aWHe"&l "URAR[isep
some of the $ddsYdhei dleMmeht@hich is selected from Group 13, Group 14, Group 15, or

Group 17 of the periodic table. A silver comprising layer is formed over the
chalcogenide material. The silver is irradiated effective to break a chalcogenide
bond of the chalcogenide material at an interface of the silver comprising layer
and chaicogenide material and diffuse at least some of the silver into the
25 chaicogenide material, and an outer surface of the chalcogenide material is
formed. After the irradiating, the chalcogenide material outer surface is exposed
to an iodine comprising fluid effective to reduce roughness of the chalcogenide
material outer surface from what it was prior to the exposing. After the
exposing, a second conductive electrode material is deposited over the
30 chalcogenide material, and which is continuous and completely covering at least
over the chalcogenide material, and the second conductive electrode material is
formed into an electrode of the device.
Other implementations and aspects are contemplated and disclosed.

as Bri i ngs
Preferred embediments of the invention are described below with reference
to the following accompanying drawings.




25 chal cogeni de material, and an outer surface of the chal cogenide materi al
Is fornmed. After the irradiating, the chal cogenide material outer surface
is exposed to an iodine conprising fluid effective to reduce roughness of
the chal cogenide material outer surface fromwhat it was the
exposing. After the exposing, a second‘fonductlve electroge terlal S
deposited over the 30 chal cogenide material, and which is continuous and
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second conductive €l ectr mat eri a orned into an el ectrode of the
devi ce. O hdh RrApASSNIBNAEPIdPAGe With 3y geRect of the inyepldh| at ed and di scl osed.
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are descri bed beI ow. W n ferenc to the foll owi ng acconpanyi ng draw ngs.
4 31 Nay 200R¥bgpquent o dhaf &@rﬁﬂhﬁﬁu ¢ sectional view of a sem conductor
waf er fragnent iFig. [¥ioaaiew of theRig.or wafacfeagmenhatzanprasgseing step t he i nventi on.

Fig. 2is a Odb?ﬁ%lfefntttgptha:t &oly]'r Wi;fagragment at a processing step

subsequent t . 3is aviewof the Fig. 1 wafer
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is a view ofstggqudng tothrﬁ,q"nfgﬁg@arg at a processing step subsequent to
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shown in butsubeaquq:mebehateshommbbyjfrgarﬁ of a nmethod of formng a

non-vol atil e resistance variable device. By way of exanple only, exanple
such devi ces |nclude progrannable netalllzatlon ceIIs and progrannable
optical el enges : ' M ~

exanpl e ogly, i nqtéfsmﬁa t30r=.arqg%aéambéﬁueep%fé;aﬂaanemewm $how Gy batmabl e
resi stance el enents,
one preferred embodiment of a method of forming a non-voiatile resistance
variable device. By way of example only, example such devices include
programmable metallization cells and programmable optical elements of the
patents referred to above, further by way of example only, including
20 programmable capacitance elements, programmable resistance elements,
programmable antifuses of integrated circuitry and programmable memory cells
of memory circuitry. The above patents are herein incorporated by reference.
The invention contemplates the fabrication techniques and structure of any
existing non-volalile resistance variable device, as well as yet-to-be developed
25 such devices. In the context of this document, the term "semiconductor
substrate” or "semiconductive substrate” is defined to mean any construction

comprising semiconductive material, including, but not limited to, bulk

semiconductive materials such as a semiconductive wafer (either alone or in
assemblies comprising other materials thereon), and semiconductive material
30 layers (either alone or in assemblies comprising other materials). The term
“substrate" refers to any supporting structure, including, but not limited to, the
semiconductive substrates described above. Also in the context of this
document, the term "layer” encompasses both the singular and the plural unless
ctherwise indicated. Further. it will be appreciated by the artisan that "resistance
35 variable device" includes devices wherein a property or properties in addition to
resistance is/are also varied. For example, and by way of example only, the



programabl e antifuses of integrated circuitry and programuabl e nmenory
cells of nmenory circuitry. The above patents are herein incorporated by
reference. The invention contenplates the fabrication techniques and
structure of any existing non-volatile resistance variabl g %\{,i 5 as wel |
as yet-to-be devel oped 25 such devices$8 I n the context of t?n s “docunent,
the term "sem conductor substrate" or "sem conductive substrate” is
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i ncludi ng, by t limted to, bulk sem conductive materials such as a
sem conductive warer (either alone or in assenblies conprising other
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i nductance m ght alSo _be changed 1 n addi'tion to resistance. Sem conductor
waf er f Mg rieaterial ol & o Biicps dutride s prrretaited, §%@8mAle- ne  seni conductive materi al
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first eh®ctirooyd00 Angstiomsite(1008 Angsiromen Thet ehajrogpaide comprisingJnateiainpl e. An
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Such is filled w th a“chal cogenide conprisi materi.al %ﬁ oa{ t
t hi ckness, faM Goum 18HPs AbxGfp|ne Ts cﬂ'gg‘éﬂf'l‘&?@' gt SRef ﬁﬁc’HB gn{ kness of
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20 method of forming material 22 over substrate 10 is by chemical vapor deposition
to completely fill opening 20, followed by a planarization technique, for example
chemical mechanical polishing. Material 22 is preferably formed to be
amorphous and remains amorphous in the finished device.
A sliver comprising layer 24 is formed to a second thickness over
26 chalcogenide material 22. Silver comprising layer 24 is preferably predominately
(majority) elemental silver, and can consist or consist essentially of elemental
silver. In one preferred embodiment, the second thickness is at least 30% of
the first thickness.
Referring to Fig. 2, silver comprising layer 24 is irradiated effective to
30 break the chalcogenide bond of chalcogenide material 22 at an interface of silver
comprising layer 24 and chalcogénide material 22, and diffuse at least some of
the silver into chalcogenide material 22. In Fig. 2, material 22 is designated
with numeral 23 and peppered in the drawing to indicate metal ions being
received therein. A preferred irradiating includes exposure to actinic radiation
35 having a wavelength from about 164 - 904 nanometers, with radiation exposure
at between 404 - 408 nanometers being a more specific example. A more
specific example is a flood UV exposure tool operating at 4.5 milliwatts/cm?



conprises A Se,, where "A" conprises at |east one elenment which is sel ected
fromGoup 13 (B, Al, G, In, TlI), Goup 14 (C, Si, G, Sn, Pb), Goup 15
(N, P, As, Sb, Bl), or Goup 17 (F, d, Br, I, At) of the periodictable.

By way of exanple only, preferred el emants for "A" are Gogq X@
exanpl e preferred 20 nethod of form ndmaterial 22 over su str ?0 IS by
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of f ect i ve 2 ﬁhq sc alcogeride Lomp g terial to average at least 30 atomic

percent silver in a lowest of a plurality of variable resistant states. Further, the

invention contemplates any other method of forming Ag,Se over chalcogenide

comprising material, and for example a discontinucus layer of Ag,Se, by any

other existing or yet-to-be-developed methods.-

Referring to Fig. 3 and after the irradiating, chalcogenide material outer
surface 25 is exposed to an iodine comprising fluid effective to reduce
roughness of chalcogenide material outer surface 25 from what it was prior to
the exposing. in one preferred embodiment, such exposing occurs to Ag,Se to
be effective to etch away at least some of the Ag.Se, more preferably effective
to etch away at least a majority of the Ag,Se, and most preferably effective to
etch away substantially all of the Ag,Se, as shown in Fig. 3. Ih one exemplary
embodiment, roughness reduction is contemplated independent of Ag,Se
formation and removal. Further in one exemplary embodiment, etching away of
at least some Ag,Se is contemplated independent of the effect on surface
roughness.

One preferred iodine comprising fluid is a liquid, for example an iodide
solution such as a potassium iodide solution. An example preferred potassium
odide solution comprises from 5 to 30 grams of l, per one liter of a from 20%




approximate netal incorporation in atom c percent within the chal cogenide
mat eri al . Regardl ess, such results in chal cogenide material 23 having an
outer surface 25. In but one enbodinent, outer surface 25 is characterized
by the formation of Ag2Se as at |east part of the outer sggigﬁgz th in
one enbodi nent, the irradiating being effective to forma Nt nuous

| ayer 27 of Ag2Se forned over chal cogenide conprising materials 22/23.
Further preferably, the irradiating is effective to maintain the

chal cogeni de material "ynderlying the Ag2Se in a substantially anorphous
state. Even further preferably, the irradi-ating is effective to dope the
chal cogeni de conprising material to average at | east 30 atom c percent

silver in a | oyegy F.J glniatslllu feIrOWd ﬁ&g niesﬁl?togﬂlte & gt %OTFH“HW

o
t he |nvent|on con e

over
chal cogeni de  *ationi ajufﬁgemﬁe |amb'9"&WP%?tu@<aﬂ$PE°5&“@| %‘E%H'L“Fﬁ-u?ﬁﬂe“f%%r of
égZSe3 bydan]ytororétaﬁbe@wom 'aﬁftlué?ﬂ 1R erfannbear@web@aeﬂemmms .Reéfewurm to
i g and after e ir atin al cogeni eri

i s exposed to ajgo ©© BWPW@F%%A #ﬁ@ C18% ﬂT“B g, @& g é’& c'é' Eﬁ?ﬁé‘

chal cogeni de niatikiei sdlutier eomprisingC20 marhscnﬁ NipEr one Vites qfra cﬂO% @otashigm
exposing. In o%lglﬁgr%l@{ F‘ed enbodi nent, such exposing occurs to Ag2Se to be

effective to e Ot | east some of the Ag2Se, nore preferablé
effective to etch Rafayingtto|Rig.s4 and miteother oxpoingha sagonsk congugtive glectrode

preferably effgGidrgt 3¢ is %shswbvamﬁsﬁagérﬁaéyma:lehapfzat hgn Aﬁasﬁafeﬁ'ﬁe@ hown

in Fig. 3. In one exenpla di ment, roughness redyctjon

cont enpl at ed i PARRYAES ts'dﬁh A@%‘é’ °?'Eﬁ%f’?(ﬁ1g‘é?mer SRigap! 'SFG?'?tHB"P“Fna%e

exenpl ary esﬁboeb:mﬁatbly edvels agteawee%halaagdnmsmamaezagzcaeexsnpmpmeat ed
i ndependent of ect Q. Sur

h
conprising fl ﬁhbcmngs% rﬁpﬂﬂ d *8?"%)?5?&”"’ aﬁ% %'gﬁlggg 'goﬁéﬁ g%ﬁisﬁr? tﬂﬁns
pot assi um i odi we26M Angstpoms. AnThmﬁtsplaadpsesbed rceddqnuvaﬁet}hme auateea!gdmght on
O e o OTbe the < UEr [\ & RifcrBRemlatdricep! By \ayoP Bardpie! By 2005
po e so

7 to 50% by v assium i osure t vapor IC]UI d

sol ution at foPl'BéﬂrmlptO@ anth bettem ralegiode tmaterialp dneluds; silves, Bﬁ\%ﬁeﬂn (H’?&'"“’B _
el evated of &gk ©darbbh TERERIIEA! mbRBEEHLAM, UAIBmAAM, OMaghésiem Goppendédtarns i s

of course
paliadium, vanadium, titanium, alloys thereof and compounds including one or
more of these elements. In accordance with a preferred programmable
metallization cell embodiment, and where "A" is Ge, at least one of materials 16
and 26 constitutes siiver. During the formation of layer 26, some of it might
20 diffuse into layer 23.
Referring to Fig. 5, material 26 is patterned into an electrode 30.
Patterning to produce electrode 30 is typically and preferably conducted utilizing
photolithography. Such provides but one preferred example of forming a second
electrode material operatively proximate the chalcogenide material. In a
25 preferred embodiment, such results in the formation of a non-volatile resistance
variable device which is fabricated into a programmable memory cell of memory
circuitry.
Referring to Fig. 6, one or more dielectric layers 32 are uitimately formed
over the device. Of course, intervening conductive and semiconductive layers
30 might also be provided to form other lines and devices outwardly of the depicted

-

device.



al so contenpl ated. A specific exanple Is dipping the substrate into a
potassium 5 i odide solution conprising 20 grans of 12 per one liter of a
30% pot assi um iodide solution. Referring to Fig. 4 and after the exposing,
a second conductive electrode material,26 is deposited ov wg,ajogggem de
material 23. In the preferred enbodi rre% such second conductrve el ectrode
material is continuous and to conpletely covers at | east over chal cogeni de
material 28LAMASexanpl e preferred thickness range for second el ectrode
material 26 is from k%et%g%rf% eI&%ﬁ%aﬁ\@g%Bﬁfb%m?-ﬂgﬂcé'éoﬁpr@ﬁ@ second
conductive el ectrode materials m he sane naieri al , or different
materi al (s). By famEyjnds fieskaensiustiveneloctrodemaaterialai a spsHate: bot tom el ectrode
materials incl U‘?&nﬁﬁrﬁ &%{IGOﬁEHlBg%B ns.Hgmmvérﬁh@rrske&nd&wémn chr omi um
nol ybdenum al um nu esi um opp cobal t pal I'adi um vanadi um
titani um g&lectgde m@r@bﬁh@ﬁwk@gﬁp@a reRtelial SPIANSIAG Aneyovheres AR ableagthese

el enents. B 6oL P CRSAMTER G, TR Brblig 3t ipn cel |
enbodi nent bﬂeggﬁ\%ere%ﬁ\’sélgc%e!%at@f%gstpone pgf matlgel al sr 16 gan

consti t ut e$resparipdic.tapari ng the formation of layer 26, sone of it m ght 20
diffuse into |l a i fhe SBI@ubAHe Atatbdalpat terned into
an el ectrode 30¥&HB§?815%§'§661PH%$ %&!gctgeber eectr %g 30e| S tfygl cally and

pref erabl y condircadatingtth¢ sltdengﬁecﬂmt@breﬁh@gqhabngem@;bwq)@d des but one

preferred t%ﬁé\%l%e‘ﬁ&f mbfei él%n%t'éﬁﬁ%‘& thé Efﬂ%? E:&qgné(;fﬁé %gbf"énd)per atively

pr oxi mat e al cogeni e materi a enbodi nent, such
results i nchaieogewdeamiatmabandadlﬁmeaﬁdﬂ@t porge Pé silygrdeto ther i abl e devi ce
which is f r”ﬁlﬁé I g@,{(@é cuitry.
Ref erring ?@é't“&%é"?% HanegagraH& nore die %@?rl o e ogfrhls? Ci?grco haﬁﬁlta‘el y forned

over t he deV| c e aftef the dmadiating axmsmdhaghd@wm i metesakpulersuEfanelian ve

I I t dl
of "the depiiiorRiha RigERATED SR S o B ERERE B e
chal cogeni detec sutfadesirorg wihev it @s pdomprth%ewsmgt enrdri ng a first conductive

el ectrode mat er gl A kSRS 'deBbsiing 2 SBLH CHALERARMABAE RiFREHTbUsH Bt er i al

over the first CoRduct
the chalcogenide material, and which is continuous and completely covering at least
over the chalcogenide material, and forming the second conductive electrode

material into an electrode of the device.
2. The method of claim 1 wherein the iodine comprising fluid is a liquid.

3. The method of claim 1 wherein the iodine comprising fluid is an

iodide solution.

4. The method of claim 1 wherein the iodine comprising fluid is a

potassium iodide solution.

5. The method of claim 4 wherein the potassium iodide solution
comprises from 5 to 30 grams |, per 1 liter of a from 20% to 50% potassium iodide

solution.

6. The method of claim 1 wherein the silver comprising layer is

predominately elemental silver.



el ectrode material, the chal cogenide material conprising A Sey, where "A"
at least one elenent which is selected from Goup 13, Goup 14, Goup 15
or Goup 17 of the periodic table; formng a silver conpri si ng Iayer over
the chal cogenide material; irradiatinggthe silver effectiy o8ak a
chal cogeni de bond of the chal cogenide material at an |nter ac of t he

silver conprising Iaﬁ_ and chal cogenide material and diffuse at | east
some of the sil ¥er rpefhod elFaigchwherein hadeadialing is gtlestye &2 16Man out er

surface of aghss shai 1684 PANHAR tHEPbRES Arfacalthe étchfh@ Belingétieative 1t et@lx away ag the
chal cogenide material outer surface to an iodine I sin

p
effecti ve 1&5steunR ef thgfighie ard Herebyaatleast pargaly Q%\tr%{tngg F%Fa'gé‘?ﬁ F'e%"hr face

from what idduamg. prior to the exposing; and after the exposing, depositing
a second conductive el ectrode material over the chal cogenide material, and
which is continuous and conpletely covering at | east over the chal cogenide

material, and fgrm n%tameetﬁ@&srfma:ﬁpmﬁéﬂein\ﬁw%bﬁ@hgésdse material into an
el ectrode of the device. 2. The nmethod of claim 1l wherein the iodine

conprising fluid is a liquid. 3. The method of claim1 wherein the iodine
conprising fluid is ang n'\étﬁ'édjéfcﬁél}rm b&Hprising %Hﬁtngﬁﬁé‘g&iéﬁintﬂ & m1 wherein

the iodine conprising fluid is a potassiumi odi solution. 5. The nethod
of cl ai m 4PgERBMAbleBeneyLel iofimemsadY BECUlBl- ut i on  conprises from5 to 30
grans 12 per 1 liter of a from20%to 50% potassiumiodide solution. 6.
The met hod of claim 1l wherein the silver conprising |layer is predom nately

el enental silved9. 9 Fhenegthodobclam frybersin e drldand SEFeRcICORREF®RN t he

i rradi ati ngidefodd Fafdrizleark Qiffepéi? A92Se as at |east part of the outer
surface, the etching being effective to etch away at |east sone of the

Ag2Se and thereby at |east partially contributing to said roughness

reducing. 8. Theqmet Wrﬁefﬁtad%lfﬂin'ﬁ\nb i@IgBnidé cofPRBING 8%icéXcontrisiige met hod
of claim1l corrprlsmg ormn evice into a progranmabl e menory cel |
of menory circufarmjng a first conductive electrode material on a substrate;

forming a chalcogenide comprising material over the first conductive
electrode material, the chalcogenide material comprising A.Se,, where “A” comprises
at least one element which is selected from Group 13, Group 14, Group 15, or Group
17 of the periodic table;

after forming the chalcogenide comprising material, forming Ag.Se over the
chalcogenide comprising material,

after the irradiating, exposing the Ag,Se to an iodine comprising fluid effective
to etch away at least some of the Ag.Se; and

after the exposing, depositing a second conductive electrode material over
the chalcogenide material and forming the second conductive electrode material info

an electrode of the device.

12. A method of forming a non-volatile resistance variable device,
comprising:

forming a first conductive electrode material on a substrate;

forming a chalcogenide comprising material over the first conductive
electrode material, the chalcogenide material comprising A,Se,, where "A" is selected
from group consisiting of elements and radicals and mixtures thereof which are more

electropositive than Se;




10. The nmethod of claim 1l wherein the first and second conductive

el ectrode materials are different. 11. A nethod of form ng a chal cogeni de
conprising device, conprising: formng a first conductive el ectrode
material on a substrate; formng a chal1?ogeni de conpri si ”%V%Z@O@F over
the first conductive electrode material, the chal cogenide matéria
conprising ASey, where "A" conprises at |east ope el enent ich is

sel ect ed from GREefJoHAINg thesehaicergenide somprgjng Wtqﬁaﬁdgmlqggg; & R¥€HEFi odi ¢
tabl e; aft ghaléyefidedoniriskgahaeaani de conprising material, form ng Ag2Se
over the chal cogenide conpri siqrg"g materig|; after the irradjati %g,?ﬁ exposi ng

the Ag2Se to an2i@dhedradiatine; @moging|the Ag=3erta@n;igdine complising Ayld PT&¢iveeast

some of thg AGRaRay andasfdoric dfliBe AYBESAG, depositing a second conductive
el ectrode material over the chalcogenide material and form nglthe second

conductive el ecBftefdBe RYRQsing depesitng 3 5econd cepdirtive eleckiedeimaierial oves. A

net hod of {rerdNak@ganie atéiahbhd Rorinfy thé 886dhd\RhtBRIve eilR086 mat&iidiiMite Si NY:
formng a first conductive el ectrode material on a substrate; formng a

chal cogeni 8@ eleshkpde i thg deMEeri al over the first conductive electrode
material, the chal cogenide material conprising AxSey, where "A" is selected
fromgroup consisiting of elenents and radicals and m xtures thereof which

are nore el ect 18posilhe Mmethaef ogim locompriging formring the davicedpiRiang t he

chal cogeni gRgrsfmabieiMdna® il bPimendoff SitdiiryA92Se over the chal cogenide
conprising material; after the irradiating, exposing the Ag2Se to an iodine

conprising fluid effective to etch away at | east sone of the Ag2Se; and

after the exposhhg, HREARthdd & chimeRAMbreRNAUShyRe8l@et rode material over
t he chal cogenide material and form ng the second conductive el ectrode

material into an electrode of the device. 13. The nmethod of claim 11

conprising formgg t e GRhGEor dHiP 12 coPi?BI3THRMNE tHEERBRLYoI&tfd tesRitari@@NDr Y
circuitry. 14. The nethod of claim 12 wherein "A" conprises Ce.
variable device into a programmable memory cell of memory circuitry.

16.  The method of claim 12 wherein the iodine comprising fluid is a liquid.

17. The method of claim 12 wherein the iodine comprising fluid is an
iodide solution.

18.  The method of claim 12 wherein the iodine comprising fluid is a

potassium iodide solution.

19. The method of claim 18 wherein the potassium iodide solution
comprises from 5 to 30 grams |, per 1 liter of a from 20% to 50% potassium iodide
solution, '

20. A method of forming a chalcogenide comprising device, comprising:

forming a first conductive electrode material on a substrate;

forming a chalcogenide comprising material over the first conductive
electrode material, the chalcogenide material comprising ASe,, where "A" comprises
at least one element which is selected from Group 13, Group 14, Group 15, or Group
17 of the periodic table;

after forming the chalcogenide comprising material, forming a



15. The method of claim 12 conprising formng the non-volatile resistance
vari abl e device into a progranmable nenory cell of nmenory circuitry. 16.
The nethod of claim 12 wherein the iodine conprising fluidis a liquid. 17.
The net hod of claim 12 wherein the iodijge conprising f|UId %?b odlde
solution. 18. The nethod of claim 12 wherein the iodine conprl ng fluidis
a potassiumiodide solution_19. The nethod of claim 18 mhereln t he

_pot assi um Fisgpretueus [Ryeoef AQ?§P(19P’?@@§ chalgpgenidecospprisingrpatedalher 1 liter of a

from 20% to 50%pet tﬁé%éﬁﬁt!r@déﬂfbsm@%é'hg%b todh iodinBRbRPEsIAG filiarefebived
chal cogeni de conpri sing device corrprl sing: formng a first conductive

el ectrode tRaeleh ey ghleasksamg piibe AdsR8: @Ay a chal cogeni de conpri sing

material over tlaﬂeffthé%&pwﬁ@il&bbéiﬁh/g sksﬁnﬁ%ﬁdwﬁeu&imdé hfatsrapbegtgeni de
mat eri al conprising AASe wher e nE i ses | east one el enent which
GO

i s sel ect edher ¢halRogeBidp "1339”5(’}3519;)”*1&“ iscgostip-oLs a”SrOOGP&ﬁ!?JY ceverhd atigasper i odi c

table; aftgpedthRé 'Ehélgodé?ﬁdé?r'ﬂéieﬁﬁ%ﬁd ﬁﬁmﬁ-@ﬁﬁé s8¢dMd dPREBEVleledt@BE Ng a 11 31
May 2005 di scontinuous |ayer of Ag2Se over the chal cogeni de conpri sing

nmateri al ; &Raterial infean eleghpde an‘Be deYig®si ng the Ag2Se to an iodine conprising
fluid effectlve to etch away at | east sone of the Ag2Se; and after the
exposi ng, depositing a second conductive electrode material over the

chal cogeni de nma#dr i aIThed'ﬁﬁih%P@la'mﬁ%M@T%B’l%ex&ﬁﬂngdﬁﬁﬁ%ﬁ@SF’ REPWAY ng at

| east ovegugggntgn?laggg@,gl terial, and formng the second conductive
el ectrode materi Into an el ectrode of the device. 21. The nethod of
claim 12 wherein the exposi ng Is effective to etc away substantially all

of the Ag2Se. 235 A 'ﬁ?ﬁ@fh@d%?f&r@iﬂ@é‘ﬂorﬁvél&tﬂeYé@lﬁéﬁéeevafnﬁﬁi'e%teﬁ%e vari abl e

device, comprising: formng a first conductive el ectrode materail on a
substrat e; CPBPH$ING a chal cogeni de conprising material over the first

conductive el e%rﬁﬂﬁfaﬂ%ttﬁér\cﬁ}ctlvetaéct%|rﬁé’t@ﬁd1'dﬁeaQﬁé%te‘;'ng A. Sey, where

"A" is selected fr roup consisting of elenents and radicals and
m xt ur es t her eofor@ings chal@ogmpc@ comprising materlal over the first conductive

electrode material, the chalcogenide comprising A.Se,, where “A” is selected from
the group consisting of elements and radicals and mixtures thereof which are more
electropositive than Se;

after forming the chalcogenide comprising material, forming a discontinuous
layer of Ag,Se over the chalcogenide comprising material;

after the irradiating, exposing the Ag,Se to an iodine comprising fluid effective
to etch away at least some of the Ag,Se; and

after the exposing, depositing a second conductive electrode material over
the chalcogenide material, and which is continouos and completely covering at least
over the chalcogenide material, and forming the second conductive electrode

material into an electrode of the device.
23.  The method of claim 22 wherein the iodine comprising fluid is a liquid.

24.  The method of claim 22 wherein the iocdine comprising fluid is an
iodide solution.

25.  The method of claim 22 wherein the iodine comprising fluid is a
potassium iodide solution.




el ectropositive than Se; after form ng the chal cogeni de conpri sing
material, formng a discontinuous |ayer of Ag2Se over the chal cogeni de
conprising material; after the irradiating, exposing the Ag28e to an i odi ne
conprising fluid effective to etch amg at | east sone of ﬁg and
after the exposing, depositing a second conductive electrode erlal over
t he chal cogenide material, and which is continouos andla%ngletely covering

at least over fhe cHBPERIA Sfciata: s whgreindhe PeigssiImgoq HEYhd” conducti ve

el ectrode coMmpRsdsIton BO 30 Qrfhe R pePdl Gtepbf 4 ROMAEIL &£50% potabiRimdiied of
claim 22 wherein the iodine conprising fluid is a liquid. 24. The nethod of

claim 22 wB®E¥M the iodine conprising fluid is an iodide solution. 25.

The net hod of claim 22 wherein the iodine conprising fluid is a potassium
i odide solution.__12 31 May 2005 26. The nethod of cl aim 25 wherejn the

pot assi um i odi dé7sol Uhe&ethedaifiaiae2? doning thechalgpaeidaeomprising mateniat or of a

from 20% t @ H08ad18b2RShiePel@At A in & Vwést 8Na pldrality IdTeanEs|8 askifthndd fhtas 22
dopi ng the chal cogeni de conprising material to at |east 30 atom c percent

Ag in a lowest of a plurality of variable resistance states. 28. The net hod

of claim22 whepgin trhg n%iﬁ&@bf@alhﬁeﬁﬁ@@h'tﬁéekﬁbsﬁgcib effaBtive t6 elshtawdyl al |y
all of the AgZSe. 29. A method of formng a programmable nmenory cell of

Nenory Ci F@Qﬁt@r}t@"y abRbIPAG®L: forning a first conductive el ectrode
material on a substrate; formng a substantially anorphous chal cogeni de
conprising material over the first conductive electrode material, the
chal cogeni de nai8ri aA welhed ok faRgingarparanypale memory gelkafl EMEE f rom t he
group conskptitg cg;‘.npﬁg,ﬁgents and radicals and m xtures thereof which are
nore el ectroposotive than formng a silver conprising |ayer over the
chal cogeni de coffsfiing %Qfshﬁ‘?fduﬁﬁ‘fe eleﬁ?tfqd&dﬂﬁﬂ’?@"t%%’bﬂrﬁ%r effective to

break a chal cogeghfify QQL’I!SEtéHtlaﬁyhgmo%@@Sﬁ idSdoPipring@hatdfall g¥eetheace of

the silver conprising |ayer eni agbﬂmaterl al and diffuse at | east
sonme of t hérstrenductiyerelgctrogs reﬁtgng!og*@rqh@ ogenide material comprising ASey,

where "A" is selected from the group consisting of elements and radicals and
mixtures thereof which are more electroposotive than Se;
forming a silver comprising layer over the chalcogenide comprising material;
irradiating the silver effective to break a chalcogenide bond of the
chalcogenide material at an interface of the silver comprising layer and
chalcogenide material and diffuse at least some of the silver into the chalcogenide
material, the irradiating being effective to form a discontinuous layer of Ag,Se over
the chalcogenide comprising material, the irradiating being effective to maintain the
chalcogenide material underlying the Ag,Se in a substantially amorphous state; , the
irradiating being effective to dope the chalcogenide comprising material to average at
least 30 atomic percent silver in a lowest of a plurality of variable resistance states;
after the irradiating, exposing the Ag.Se to an iodine comprising fluid
effective to etch away at least a majority of the Ag.Se; and
after the exposing, depositing a second conductive electrode material
over the chalcogenide material, and which is continuous and completely covering at
least over the chalcogenide material, and forming the second conductive electrode
material into an electrode of the device.

30. The method of claim 29 wherein the iodine comprising fluid is a liquid.




material, the irradiating being effective to forma di scontinuous | ayer of
AgZSe over the chal cogenide conprising material, the irradiating being
effective to maintain the chal cogenide material underlying the AgZSe in a
substantially anorphous state; , the i1r3r adi ati ng being efgﬁ%&\é%ogo dope
t he chal cogeni de conprising material to“average at | east atom Cc percent
silver in a lowest of a plurality of variable resistance states; after the
irradiating, exgdsi nghemetreprgciain 28whesginibe odinsr ¢osmnilging fiyidis a8 f ect i ve to
etch away flyidetanitiod. Maj ority of the AgZSe; and after the exposing,
depositing a secong conductive el ectrode material over the chal cogenide
material, and which is continuous and conpletely covering at |east over
t he chal cogeni dgsnat g4, ) w i lectrode
material into agz'el e_g?lragjaeethgdf]gft%gﬁ‘?ewgéer.gﬁég?@ﬂ% met higgrgofx‘mclﬁaaie m 29
wher ei n t heotagsiumdodiderselutiohg fluid is a liquid. 13 31 May 2005 31. The
nmet hod of claim 29 wherein the iodine conprising fluid is an i odide
solution. 32. The nethod of claim29 wherein the iodine conprising fluid is
a potassium io@Bde Jbeumethed of3dainIzwhereRdte pptagsidmipdide @plEHN n t he
pot assi um L.odi i F‘@ﬂpi ; iodidel ter of a
from20%t BQ@B@%SE;{EH gggitg?{) igo I d[f pgﬁil"f?’:r?g%]ﬁog%@ﬁt(ﬂ%%ﬁfs%?%dhg a
chal cogeni gelutem.uct ure, conprising: formng a chal cogeni de gl ass | ayer;
formng a netal -containing | ayer over the chal cogeni de gl ass | ayer;
irradiating said netal -containing layer to break a chal cogeni de bond of the
chal cogeni de gl 84s | &meethad of fasmingtaetialengenide suctHia &PMeBING ni ng | ayer and
chal cogeni I squé“ég t at least a portion of the
met al - cont gﬁﬁﬁﬁ??@%}g&r&n&% useié Into the chal cogeni de glass |ayer; and,
after said stepfaminga atakiconginingdpperiavgr the ahalcegeride glass layerit he
chal cogeni de . Glfigiatin3X8d ihbtaPBortAffin TayeP BPbredk Bnblcbbéhigabisicortng ai d

g u r t Fedst

i odi ne conprisin enoves a a portion of sald outer surface
t hat has bebaicogenititi glassdaygmt thenisteniacé otithefmesalatamiadaing leyer anth t he i odi ne

conpri sing i d j aul.d T 0f i 3 dontiARLGhvert he
i odi ne corr}%ﬁr]élgé%éﬁ% (‘ﬂ?éc# llggéra?]uc’hlqg%tl %ze%gﬁg?ﬁ?ﬁﬁémﬂ‘ gﬁta?o?n gayer
diffuses into the chalcogenide glass layer; and,
after said step of irradiating, exposing an outer surface of the chalcogenide
glass layer to an iodine comprising fluid, wherein said iodine comprising fluid

removes at least a portion of said outer surface that has been irradiated.
35. The method of claim 34, wherein the iodine comprising fluid is a liquid.

36. The method of claim 34, wherein the iodine comprising fluid is an
iodine comprising solution.

37. The method of claim 34, wherein the iodine comprising fluid is a
potassium iodide solution.

38. The method of claim 37, wherein the potassium iodide solution
comprises from 5 to about 30 grams |, per liter of a from 20% to about a 50%
potassium iodide solution.



37. The nethod of claim 34, wherein the iodine conprising fluid is a

pot assi um i odi de solution. 38. The nethod of claim37, wherein the

pot assi um i odi de solution conprises fromb5 to about 30 gram; 12 per liter

of a from20%to about a 50% potassiumy odide solution. 144 52005 39.

The met hod of claim 34, wherein the |rrad| ating is effectlve tg orm Ag2Se
as at least part _of the outer surface,

he etching. being eff ive to etch
away at |east S8me dferINggSisEaimatf, Whﬁ@"h‘gleHﬁad'grfn%'F REWR o Btein the
net al - cont aAgBdgs hEast paft ot tid d)l)té’fsur@@émhé stoRhg! LRIRY effetlive thhectiaiviapdt of
cl aim 40 V\,her ein the Si | vgr conpri sing I ayer is pr edom nately el enent al

silver. 42'e3at $p00¢8theA%RS%ni ng a chal cogeni de structure, conprising:
forming a first conductive |ayer on a sem conductor substrate; formng a
chal cogeni de glass | ayer over said first conductive |l aye

met al - cont ai ni n§% aydhedathod af chipyid, whgesn the r‘ggtgggoqt@b/@g Iayqutsr%asjvgfl ng

sai d net al cgQpfighdidyer.| ayer to break a chal cogenide bond of the

chal cogeni de gl ass lNayer at the interface of the netal-containing |ayer and
chal cogeni de gl ass | ayer thereby creating an outside surface; renoving at

| east a portiongqf sahdnthsd Sﬁc@HMca@ﬁeremtﬁé@.ﬂuelaaombh&ln@raybpﬂl ne
conprising fluid; and after said step of rempving at |east a portion of

sai d outsi Aeedominaely elamantalsivel. second conductive | ayer over at |east a
portion of the outside surface remaining after said act of renoving. 43.
The met hod of claim42, wherein the iodine conprising fluid is a |liquid.
44. The method 8B cl A ethod offesmingra ehalcaosBidR StUEtHis: COMRESIFSUI d i s an

i odi de conpri si ?&nﬁﬁ é'ﬁs@ﬂend%‘étlve-ra?err@lt5‘9&1\@&&]&&%6&@@“er ein the iodine

conprising fluid is ™ potassiumiodide solution, The net hod of cl ai m 45,
wherei n the pot S¥Hiingha F@%IFQQ?”&?IQ!@ﬁSdﬂVEV(%ﬁWﬁ'%B@t F?WP@"%'@Y%OM 30 grans

12 per liter of f@nfidgaeRalcoRtafiibydr ovaPeaif Chaessene QdsSiay&ol ution.

iradiating said metal-containing layer to break a chalcogenide bond of the
chalcogenide glass layer at the interface of the metal-containing layer and
chalcogenide glass layer thereby creating an outside surface;

removing at least a portion of said outside surface by etching with an iodine
comprising fluid; and,

after said step of removing at least a portion of said outside surface, forming a
second conductive layer over at least a portion of the outside surface remaining after
said act of removing.

43. The method of claim 42, wherein the icdine comprising fluid is a liquid.

44, The method of claim 42, wherein the iodine comprising fluid is an
iodide comprising solution.

45. The method of claim 42, wherein the iodine comprising fluid is
potassium iodide solution.

46.  The method of claim 45, wherein the potassium iodide solution
comprises from 5 to about 30 grams | per liter of a from 20% to about a 50%

potassium iodide solution.




15 31 May 2005 47. The nethod of claim42, wherein the irradiating is
effective to form Ag2Se as at |east part of the outside surface, the
etching being effective to etch anay at |east sone of the Ag2Se. 48. The
nmet hod of claim42, wherein the netal - ggnt aining layer is g I§liag‘2865
conprising layer. 49. The nethod of claim 48, wherein the silveéer conprising
| ayer is predoni nately elenental silver. 50. The npethod of claim42,

wherein said fifét cdh@methedol daiedZawhereipthgridadiating e effoeivedy &myr e

el ectrodes agde adatTBAN PAQS tHeSURIAE s@rfadaaineQiaitdiBeiy BHEMIVE S eRAEWNAYSI NT;
formng a first conductive layer on a sem conductor substrate; formng a

chal cogeni aelegstsome efflee Ags% said first conductive layer; formng a

nmet al - cont ai ni ng | ayer over said chal cogenide glass layer; irradiating
said netal -containing | ayer to break a chal cogeni de bond of the

chal cogeni de gl 48s | gﬁemﬁhoq efcclain 4 heteiptheimetaheanigioiRg laver 15 :i8VBayer and
chal cogeni ; er thereby creating an outside surface, said step of

i rradiati ngﬁnﬁgﬁﬂagg%{i ve to form Ag2Se as at |east part of the outside
surface; renoving at |least a portion of said outside surface by etching

Wi th an iodine 4§P”pFrh§Ain'ik9hédHﬁ:ﬂ’airr§ﬁ, Bk iNaGib&H dongsin@ahyeres to etch away

at | east sone of the g2Se; and after said step of renoving at |east a
portion of peegiominaiely elesnenialsiias, forming a second conductive |ayer over at
| east a portion of the outside surface remaining after said act of
renovi ng.

50. The method of claim 42, wherein said first conductive layer and

second conductive layer are electrodes.

51. A method of forming a chalcogenide structure, comprising;

forming a first conductive layer on a semiconductor substrate;

forming a chalcogenide glass layer over said first conductive layer;

forming a metal-containing layer over said chalcogenide glass layer;

irradiating said metal-containing layer to break a chalcogenide bond of the
chalcogenide glass layer at the interface of the metal-containing layer and
chalcogenide glass layer thereby creating an outside surface, said step of irradiating
is effective to form Ag,Se as at least part of the outside surface;

removing at least a portion of said outside surface by etching with an iodine
comprising fluid, said etching being effective to etch away at least some of the
Ag.Se; and

after said step of removing at least a portion of said outside surface, forming a
second conductive layer over at least a portion of the outside surface remaining after

said act of removing.




