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present invention relates to a constant current
device, and nore specifically, to a constant current
devi ce forned of chal cogenide materials. BACKGROUND
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applying an external stinulus, such as different

vol tages of selected polarities to a chal cogeni de
glass in the preFERED® OF AHEBINVENEON: al such as
silver, the internal structure of the chal cogenide

T o e S s dis, v
oL R U A AR PR

chal cogeni de gl ass has an associated |ayer for
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_Wile the current focus is on using chal cogenide glass
stiniglpis,rapplp ay difffscitcedtageshes sclevesdtplaritiave adilsbowgenidd glass in the
anot her use r chal cogeni.de gl ass, nanely, as i
preie ChAR SRaP I eHO s SHF e PSR, tICHGT the chalcogenide
glaésr&\!tﬁrB%'rHBd.i[ﬁQQQéﬁ)rJ)@u&r}ﬁgﬂ%p?&;f {resﬁ%ﬁm&e@\[e& .1 on provi des
a two-termnal constant®curren evice tornmed of a
chal cogeni de gl ass material, and its nmethod of
f000&) i on &gk specific example of a chalcogenide glass being investigated for

memory use is germanium-selenide (GeSe ., ). Typically, the chalcogenide glass has
an associated layer for supplying a metal, which becomes incorporated with the glass
matrix to change resistance states. As examples, the associated layer may be a layer of

silver or a layer of silver-selenide (Ag,Se).

[0004] While the current focus is on using chalcogenide glass for memory
devices, the inventors have discovered another use for chalcogenide glass, namely, as a

constant current device.

Brief Summary of the Invention

[0005] In one aspect, the invention provides a two-terminal constant current
device formed of a chalcogenide glass material, and its method of formation and
operation. The device comprises a metal-containing layer formed adjacent at least one
chalcogenide glass layer which is biased into a constant current state. The constant

current device maintains a constant current over a range of applied voltages.



operation. The device conprises a netal -containing
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and a method of forming and operating such a device in which at least one metal-

containing layer, such as silver, is formed on a chalcogenide glass layer such as a
germanium-selenide layer. A bias voltage is applied to the layers sufficient to place the
device in a constant current state. The constant current device maintains a constant

current over a range of applied voltages.

[0009] In another aspect, the invention provides a constant current device
and a method of forming and operating such a device in which at least one metal-
containing layer, such as silver-selenide, is formed with a chalcogenide glass layer such
as a germanium-selenide layer, and a layer of silver. A bias voltage is applied to these
layers sufficient to place the device in a constant current state. The constant current

device maintains a constant current over a range of applied voltages.
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Brief Description of the Drawings

[0014] FIG. 1 illustrates a cross-sectional view of a chalcogenide glass
constant current device fabricated in accordance with a first embodiment of the

invention.

[0015] FIG. 1a illustrates a cross-sectional view of a chalcogenide glass
constant current device fabricated in accordance with a first exemplary embodiment of

the first embodiment of the invention.

[0016] FIG. 1b illustrates a cross-sectional view of a chalcogenide glass
constant current device fabricated in accordance with a second exemplary embodiment

of the first embodiment of the invention.
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the second embodiment of the invention.

[0021] FIG. 2b illustrates a cross-sectional view of a chalcogenide glass
constant current device fabricated in accordance with a second exemplary embodiment

of the second embodiment of the invention.

[0022] FIG. 3 is a graph illustrating a current-voltage (I-V) curve of a

chalcogenide constant current device constructed in accordance with the invention.

[0023] FIG. 4 is a graph illustrating the application of different positive

voltages to decrease a constant current device’s constant current amplitude.

[0024] FIG. 5 is a graph jllustrating the constant current achieved as a result

of applying the voltage illustrated in FIG. 4 to a chalcogenide constant current device.

[0025] FIG. 6 is a graph illustrating the breakdown voltage of a chalcogenide

constant current device.
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sufficient detail to enable those skilled in the art to practice the invention. Itis to be
understood that other embodiments may be employed, and that various structural,
logical, and electrical changes may be made without departing from the spirit or scope

of the invention.

[0030] The term “substrate” used in the following description may include
any supporting structure including but not limited to a glass, plastic, or semiconductor
substrate that has an exposed substrate surface. A semiconductor substrate should be
understood to include silicon, silicon-on-insulator (SOI), silicon-on-sapphire (SOS),
doped and undoped semiconductors, epitaxial layers of silicon supported by a base
semiconductor foundation, and other semiconductor structures which may not be
silicon-based. When reference is made to a semiconductor substrate in the following
description, previous process steps may have been utilized to form regions or junctions

in and/or over the base semiconductor or foundation.

[0031] The term “silver” is intended to include not only elemental silver, but

silver with other trace metals or in various alloyed combinations with other metals as is
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and as long as the physical and electrical properties
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which illustrate exemplary embodiments of a chalcogenide constant current device 100

and 101, and its method of formation and operation, in accordance with the invention.

[0036] FIG. 1 depicts a first embodiment of a chalcogenide constant current
device constructed in accordance with the invention. A first electrode 2 is formed over
a substrate 1. The first electrode 2 may comprise any conductive material so long as the
constant current device’s electrical properties are not altered. For example, various
metals, such as, one or more of tungsten, nickel, tantalum, aluminum, platinum, or
titanium nitride among many others. In addition, the first electrode 2 can comprise a
conductively-doped semiconductive material. However, care must be used since some
metals, such as Ag, Au, or Cu, may migrate into a subsequently deposited glass layer

and alter the electrical behavior of the constant current device.
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of silver, for instance, Ag2Se, Ag2+ Se, and Ag2_XSe.
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layer and alter the electrical behavior of the
abopphae émgs@gmsézf} tgabpped00 A. Preferably, the first chalcogenide glass layer
4 has a thickness of about 250 A to about 300 A. For purposes of a simplified
description, the first chalcogenide glass layer 4 is described further below as a Ge,,Se,,
layer. The first chalcogenide glass layer 4 acts as a glass backbone and allows a metal-
containing layer, such as a silver-selenide or a chalcogenide-doped with silver (Ag) layer,

to be directly formed thereon.

[0041] The formation of the first chalcogenide glass layer 4, having a
stoichiometric composition, such as Ge,,Sey, in accordance with one exemplary
embodiment of the invention, can be accomplished by any suitable method. For
instance, evaporation, co-sputtering germanium and selenium in the appropriate ratios,
sputtering using a germanium-selenide target having the desired stoichiometry, or

chemical vapor deposition with stoichiometric amounts of GeH, and SeH, gases (or
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Preferably, the first chal cogeni de glass |ayer 4 has
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chagbégrﬁa.e ¥o£rg£.n8dthgrh§c§r$—?irr}iiﬁng processes such as chemical vapor deposition,
co-evaporation, depositing a layer of selenium above a layer of silver to form silver-
selenide, or chemical bath deposition of a silver-selenide layer can also be used. FIG. 1
illustrates that the metal-containing layer 6 is in contact with the upper surface of the
first chalcogenide glass layer 4; however, intervening layers may also be provided

between layers 4 and 6, as long as they permit the resulting device to operate in a

constant current mode.

[0044] Metal-containing layer 6 is formed to a thickness that ranges from
about 200 A to about 2000 A. Preferably, the metal-containing layer 6 is about 600 A
thick.

[0045] Still referring to FIG. 1, a second chalcogenide glass layer 8 is formed

over the metal-containing layer 6. FIG. 1 illustrates that the second chalcogenide glass
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can pASSAg acﬁmcgiqmﬁgy of Ge,Seq, while the second chalcogenide glass layer 8 can
possess a stoichiometry of Ge,;Se,;. For purposes of a simplified description, the second
chalcogenide glass layer 8 is described further below as having a stoichiometry of

Ge,Se4-

[0048] The formation of the second chalcogenide glass layer 8, can be
accomplished by any suitable method as described above with reference to formation of

the first chalcogenide glass layer 4.

[0049] As an alternative embodiment, depicted in FIG. la, an additional layer
9, such as Ag, can be provided above the second chalcogenide glass layer 8.
Alternatively, layer 9 can be provided above (FIG. 1b) or below (FIG. 1¢) metal-
containing layer 6, e.g., Ag,Se, rather than above the second chalcogenide glass layer 8
(FIG. 1a). In FIGS. la-1c, layer 9 is preferably an Ag layer that is less than or equal to



chal cogeni de source. Other non-limting processes such

as chem cal vapor deposition, co-evaporation,
waelepessteing a | ayer of sel eni um above a | ayer PET/B5100€007514

to formsilver- selenide, or chem cal bath deposition

of a silver-selenide |ayer can also be used. FIG 1 )
abqyt 5094 SiEl AT OFhRICATH ol ST ahASHANH &hatay apprgximately 200 A thick.

La;éég gtc%ﬁtbevﬁle Iasik%lg gsglqg g.{% ?& (s QJCHIIQI%W inr t§1te art, Itis notideal to

al'cogeni de g . NOwever, | nterveni g

haveAWEAS sdB¥e ?k&@d&?stﬁ_ﬁﬁy bﬁ eRctrbat Woe M dcaydhsly4dcAB et be taken to
as long as they permt the resulting device to operate

limitrthe Agoousteaior leng-tent temyseatuf OQ4klitMetcénduwnned. nTingpresence of

|l ayer ., 6 is forned to_a thickpess that ranges from
layeadrsies wis eORR5Eht EROUUCA PPESERGEHN Ly Rais not required.
nmetal -containing layer 6 is about 600 A thick. [0045]

%04’)(5] ref e'FFlhﬁ]lQr L y’é{ ﬁloéﬁr ﬁt&ﬁ&tﬁ’x’&denq@&hiﬁ%% Q).F g;(é?hg&épictcd in

lFayer- 8 is fornmgd ‘over the netal-containing

FIGI 14, alonktats tiigt@sddvivatcah e fabtanel ehatcogend gassdhpsy,
8 WO 2004/ 081617 PCT/ US2004/ 007514 layer 8 is in
anaqgeausce sldss hyeh®, eaapdee provideddtween laperd and theotapatledtrgde 10.

. 6; however, .interven; . al
simiBL i ermBb b g a1 e, ety PRy an Ag layer
¢ . et o ; .
LT g S S S S
apprayietatdy 280pk efiek.abl y a ger mani um sel eni de gl ass

having a Ge. Seioo_X stoichionmetry. The stoichionetric
ran%e for the second chal cogenide glass |ayer 8 i

' ' is

1P hbout Retergggdnck & sbgul, Trsgndsiectiodsldriaiprned over the

from about . 5Se75 t.0.about 0Se60, ..and e .
secpb PR D ERR iad g b B BR G By Rl hgenice
corfdtaa® SutrdCdevicelI 80, eTAP ki @%@ tidie CHNESS cbidkist MPESnductive

fromabout 50 A to about 500 A Mre preferably,” the
mageabsudlonigals cheg eongdatgluasnt dayiee’s 8lecgicabmiapetid afe not altered.
For example, various metals, such as, one or more of tungsten, nickel, tantalum,
aluminum, platinum, silver, or titanium nitride among many others. However, care
must be used since some metals, such as Ag, Au, or Cu, may migrate into a

subsequently deposited glass layer and alter the electrical behavior of the constant

current device.

[0052] In addition, the second electrode 10 can comprise a conductively-
doped semiconductive material. FIG. 1 illustrates that the second electrode 10 is in
contact with an upper surface of the second chalcogenide glass layer 8; however,
intervening layers may also be provided between layers 8 and 10, as long as they permit

the resulting device to operate in a constant current mode.

[0053] It should be appreciated that the first electrode 2 and the second

electrode 10 can comprise the same material or different materials. As examples, the
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thick. [0047] Although the first chal cogeni de gl ass

| ayer 4 and second chal cogenide glass |ayer 8 are
waele®enstsed- above as having a stoichionetry si mPCEHDS1004/007514

each other, e.g., about Ge40Se601 it should be

appreC|ated that the first chalcogsnlde gl ass | ayer 4
firselactroe 2 gad serpndrscrngient Yeanysagh e m ofstUél@ﬁteBo@% ggferably,

e GG SS hEPABUE BB A0SR Mo D (o
silveNaA £ QR ALEE pavARSly B%EhottideGPid IPRE S8y Source provided strictly by
st0|ch|onetry of Ge40Se60 while the second

eleathalecyy e Acderdiyighs sateayest & wion tpbsseds Ag source for long-term
stoi chionetry of Ge25Se75. For purposes of a
tmnﬂcﬁﬁpﬁ¥ﬁ@@ha@ﬁﬁ#@%ﬁﬂﬁﬁf the second chal cogenide gl ass
| ayer 8 is described further bel ow as having a

gLt onet eloffoun 4 %es@ &g @ eI REITRLE A cBical pulse of
% e ass ﬁ(:{g%

cond alco e ayer

absaEge® ﬂﬁlphﬁhﬁdgxbéfteﬁﬂlénaﬁb te@é%k @)oﬂ@i‘rﬁ@ dras (ﬂi&&féﬁé Bgslicabevseructure
wth reference to formation of the first chal cogeni de

10Qyinagrsier &y bavedthe[dpoite exitbitaonatane pmcmwleemwl@od iGrewentionally, a
d d Fl I
striRg el Bhpried i aney el hfe'ég RPEHES e%@@???%él BCRAM
I - '
me o"i’f/ ae\%l%y. éf‘o 1%13:&“@1&’%{(%:% XD% on @%(ceéreevt?% Cﬂﬂ) Qé Péé'dqglqen a

potbagidrofGppfoxiimateRUREE MV i%tag@hed B@Bsﬁ&ﬁﬁﬁci&@ 18%@1@@ a Voltagc of
chal co enlde Iass | ayer (FIG la). In FIGS la-Ic,

apprexigatgy 250 fosrgagdtyr iaapplied agress qonéucuoss 1@ g8d 2harwite it, and
ual to 4/ 081617, PCT/ US2004/ 007514 about
VAP PFﬁnael vg%hf Fém@?l@f%er Si5REFY HRLIPPAGKARlY nEgive 80 mV is

app?il§d {h EBH%&&steJ! Va9 16 chr{gh ¢k. Layer 9 can be

eposi ted using any techniques well-known in the art.
It is not |deal to have an Ag source provided
$005%k | y bHeveet rAsdicifs bAee disdbvegtd that anenmisdgakige clectrical

pulgeatlili? ists?gniﬁcantly more negative than the erase potential is applied across
conductors 10 and 2, the structure’s electrical behavior is altered and it exhibits
constant current source behavior rather than memory behavior. When in the constant
current mode, a wide range of negative voltages can be applied across such a device
without changing the device’s current flow. The amplitude of the negative pulse signal
that switches a device into constant current mode, e.g., significantly more negative than
the PCRAM device’s erase potential, will vary depending upon the thickness of the

respective chalcogenide glass layers and the amount of metal, e.g., silver (Ag) present in

the chalcogenide layer 4.

[0056] A first exemplary structure 100 was formed in accordance with the
FIG. 1 embodiment of the invention in which the first electrode 2 comprised tungsten,
the first chalcogenide glass layer 4 comprised a Ge,,Se,,layer about 300 A thick, the
metal-containing layer 6 comprised an Ag,Se layer about 600 A thick, the second
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limt the Ag source for long-termtenperature

stability and endurance. The presence of |ayer 9
w@ednesses this concern. However, the presencePCl/UBaY€007514

9 is not required. [0050] Further, in yet another

alternative enbodinent of FIG 1, depicted.n

chaqugenaiecginssst 2ot Scaomnpsised AT 0% sclayersonR b e&aﬁé@k nﬁértbe second

ss | ayer nal ogous to gl ass |ayer 8,
Clccré%‘ii LQ tﬁ%ﬂn@&%dénocféayer 9 and the top el ectrode

10. Srntlar to the enbodi nents depicted in FIGS
[0857F. | aWghed air g RIABE Yyt HGvikidnGhe rarﬂ;%tﬁd)rﬁ b8
than or equal to about 500 Athi ¢k, and nore
negapivefled b-L.0 ¥)ao abgut aggarive B Vi(s2. Qﬂdp),r\mth rgtuddeyof200uR8 ns to
t hi ck. 50051 Referring back FIG. a secon
at legst abpripal niowa%anpélﬁﬁr@er%%lﬁctrn& ]é)e%réjngl tkﬁaqXé@@ glgucture

| as aver 8 to co t he [ Bt i .
100 ZyElec B PPl P P uEF ARl PSR h bl Saanpgy grovided
a coﬁaltmtcﬁaft@m%@aﬂaut bk 881284 oSORIMS i &0l tHBE @Jﬂg@lofaaout
as the constan current device's el ectrical

ncg@wed@ﬂhﬁ&#—aﬂérnﬁmt@htkaﬂdboancgﬂwaﬁWDenVVarKe&@OnﬂV)as

t h f kel
aob ey mF fulfhan i eleee BEFRRS ke BEARRF than
apprg:mtnrrgaléc %%nr%Vnﬁ@/ cosnusC t%urrggty\g%rea';dor oq{éﬁe ef%fﬁf)lagfesuqfcﬁgre 100

begih§1t® déteridbHs € GRS hl¥o ﬂﬁﬁﬂ%ﬁﬁde@&c@%bﬂt@){&f maﬁhﬁjs ﬁlhﬁuﬁﬁ
the electrical behavior of the constant current

pernginenty cop0gsa] from audintdrpdevichete acwmdtapk eetremidepergion device.
can conprise a conductively- doped sem conductive

R
acro m&l?a%%gﬁﬂg? ¢-308r ‘§ o%térﬁt’eéo rﬁ'\'ﬂtt?g agpreaated

ayers e prOV| betneen ayers

that @e b1t c@ﬁst&tﬁtedﬁrt&tl’t Fhlze ahﬂ &oltegd!tdnigagvitl eepersd hpon the structural
operate in a constant current node. [0053] It should
propsetiespyfithe idgviee, sukhps threpicriss compesitippdad 2higkdess o layers 4, 6,

and %?gt%] gue total amount of metal, e.g., silver, present in the chalcogenide layer 4.

[0059] Further, as noted above regarding the FIG. 1 embodiment, the first
chalcogenide layer 4 and second chalcogenide layer 8 do not have to possess the same
stoichiometries, nor do the first chalcogenide layer 4 and second chalcogenide layer 8
have to possess the same thickness. A constant current device 100 fabricated as
described with reference to FIG. 1 can be of any geometric shape as desired or needed

for a particular application.

[0060] As a second and more specific exemplary example, a constant current
device was fabricated in accordance with a FIG. 1 embodiment of the invention in
which the first electrode 2 comprised tungsten, the first chalcogenide layer 4 comprised

a Ge,,Seg, glass about 300 A thick, the metal-containing layer 6 comprised an Ag,Se

12



el ectrode 10 can conprise the sane material or
different materials. As exanples, the 10 WO
wQOMNOB1617 PCT/ US2004/ 007514 first el ect r odeCRUS2VA4/007514
second el ectrode 10 can each be nmade of tungsten, or
“ refer , ,.the first electrode 2 can conprise
layq? Ut B0 % it Ehe b EFS PO EoTO SRS rsglass about 150
ick VEIG thASedEsLLl j : [t 1S not ideal to
'Atﬁg%ﬁﬁ%% ﬁgesourgéagg%gggégggi%%%?#§5E§" el ectrode 10.
Accordingly, care nust be taken to limt the Ag source
f@061]Jong- t ¥lten 4 sepeivatpotentdl abll |5 VY—RBAV RAUrA8E 8s pulse was
k0054] After form ng the second el ectrode 10, a '
apphed & theefabrigated device pie sleviee exhibisod gpastamipturtanddchavior rather
reater .than the erase potential of the device is, .
thaf pSh Y GeBor APl &t BEeR et theb Talie i petential
Bicintthe QBRLAManEHE FrERE sRRR AT P Yienb! it  3® ns pul
anyg?%ucture 10d§?§ggicgtedaas shomntP%E%IEi f?vban ey 1 puise
to thpéatatcettdadevirenasogknGeRENMonsRAD tyrrelenbetavior o Flowever, it was
exanpl e, in DC operation, the device 100 can be read .
foug EhatapPlyEEh PEEIVET MbmVe 30mstraillse didoanvaiss thgflirarted device
SS nduct o 10 and 2, a voltage of
eXh%%%%%?Fn%f%Vﬁnﬁé MP'or greater is applied across
conductors 10 and 2 to wite it, and a negative
tial 6imiehs6lHE BrsaeRéhpMACISAQAYS sdcBAA exemplary structure
ggg?gxinately negati ve 80 HB ﬁg applied to goﬁgggﬁgrsuc
1001 onaameiredtaccaarstame cittrenf 065 5h apiplied eegatifppoitagntmgb afabout —

di scover ed that en a negative electrical pulse that
100 Vgsorahopit Egﬂgmm%o‘ﬁg@g'ﬁ e qonsint Ferentalservable voltage
' [ ' onductors; 10.and.2, the.
rn B iP5 S op SO FUBLRE SR o B A

ran@X6f dhdu$ —1 AWWShabout UL [0eVty 8 QBpE&] REPAVIRI k&N S0 ahhan
menory behavior. Wien in the constant current node, a

w de range_of negative voltages can be applied across
la devirce thlw? thonplaghemgiphg of the Idévi lcembodimerens structure

: . I . '
1OOfVlv:ft)sv%abHcha?:ec(’fl HRH&ES g fﬁgt ctlchc%rorgieegzact:cgr}llgrisplgg %gngsltgrﬂaa layer 4

comprising Ge,Se,, glass about 150 A thick, a metal-containing layer 6 comprising

Ag,Se about 600 A thick, a glass layer 8 comprising Ge,Sey, glass about 150 A thick,
and a second electrode 10 comprising silver. A negative 8 ns electrical pulse of about

negative 800 mV (=800 mV) was then applied to the fabricated device.

[0064] As a result, this device also exhibited constant current behavior rather
than memory behavior. The fabricated device maintained a constant current over an
applied negative voltage range of at least approximately 700 mV, specifically from about
—100 mV to about -800 mV, after a negative 8 ns electrical pulse of about -800 mV
was applied across electrodes 10 and 2 to convert the structure to a constant current

mode. As is evident from the third exemplary example, the total amount of silver
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that switches a device into constant current node,

e.g., significantly nore negative than the PCRAM
wa@lewitogl6s7 er ase potential, wll vary dependi ngPaipus2opdien7514
t hi ckness of the respective chal cogenide glass |ayers

and the ampunt of netal, e.g., silver (Ag) present in

pregeré i Bl ¢oiericaas ragdectshe poemepda of thencgaisappigngial that needs
t 100 f dj d ith the FIG
to 6 dgifist it s Wi s ERERARER: ods i et

el ectrode 2 conprised tungsten, the first

Fh@Fjogeni gefgt@esSs hawahade €PPIG] 5 @dhich SRARILGEhEREmplary
about™ 300 A thick, the netal-containing |layer 6

emlpadipreins ef tlaninAg28e drad/&s nedloed ob6@GmAtibhi ck, t he second
11 WD 2004/081617 PCT/ US2004/ 007514 chal cogeni de

PR e P S a0 PR e over
Y o ShOSALk T BB 0GB e v

abotv® fahdidtsaime @hicknoele ds & ¥he(FIKG.01 Mhbodirhéhta Botlps@p&des of a simplified
about 8 ns to at |east about 30 ns, was applied

deseriptiays the Scst elsdreodd @ indescribed he tengstapl @y Simuilpettartee FIG. 1
100 operated as,a constant currgnt device. A device
e R O e PR ot PR eg £ferirpds g R fbsirate 1.

of about negative 8 A across an applied voltage range
o&bput  Regatd éﬂ%lc%%@m'av lasd e PW)s £R2mRH JveRRe @BOUECtrode 2.
negat’ive 800 nV (-800 nV),” as "graphically shown in
Altlidigh BIGVI esddsérébadovithger inecoemag tayees beegatn e filsaslectrode 2
approxi mately -800 nV, the constant current behavi or

andgthaldegerids ghisaayestrintaryenng dyerspagi he Prascrferdensratiecy do not
R T R T T M L R —
S R A ORI M GOSEE soiciomecy
TheadroithioragaiciraegBfog Ahe chalcogenide glass layer 4 is from about Ge,Seg, to
about Ge,;Se;,, is preferably from about Ge,:Se,. to about Ge,Seq,, and is more
preferably about Ge,,Se,,. The chalcogenide glass layer 4 has a thickness that ranges
from about 150 A to about 400 A. Preferably, the chalcogenide glass layer 4 in the

FIG. 2 embodiment has a thickness of about 250 A to about 300 A.

[0068] The formation of the chalcogenide glass layer 4, having a
stoichiometric composition, such as Ge,Se, in accordance with one exemplary
embodiment of the invention, can be accomplished by any of the methods described

above for forming glass layers 4 or 8 of FIG. 1.

[0069] Still referring to FIG. 2, a metal-containing layer 6, preferably silver-
selenide, is deposited over the chalcogenide glass layer 4. However, any suitable metal-
containing layer 6 may be used so long as it contains an adequate source of metal ions,

e.g., silver, which can move in and out of chalcogenide glass layer 4 during device
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across a voltage range of about -100 nmV to about -800

nv, it should be appreciated that the exact constant
w@ooosesite1val ue and vol tage range will depend upornusive4/007514

structural properties of the device, such as the

preci se conposition and thickness of |ayers 4, 6, and
opemtioandor estarsica besdassiverotelapide the megal-cogiiniag layer 6 may be

OB L 1 APk M conin
Ag, }‘e%,zgrhal&) hLREENid8e | Yy e dPANGiRe A CHREL 8BAR] AR silver

8 do not Have to possess the same
telligidel fti examipld, @mongosthds, akeallfsuitablesiadredpémigdeideattart nday be
and second chal cogeni de | ayer 8 have to possess the
usedsgvctbiceRiEyBg laee OneBartchelsogenide daxgr centapang Ag.
fabricated as described with reference to FIG 1 can

any tric_shape. as S| f
R c ol e PR bl B R s B BB B oy 4R bt
des@PRAiabbbe BXENR Rfi¥n B RIrin@nfe@) Joadini@gl AR ofta¥INIE. 1
was fabricated in accordance with a FIG 1 enbodi nent
embafdimbet. | Fi& ilbrtrates thdtitbé nictd -ddntahing] leydrréoiden 2ontact with the
conpriseg tungsten, the first chal cogenide |ayer 4
uppelhHsfice 8 thec 153 47eE Ao BPWRE, INTIRFRIRE [YgEs may be

peGEL 3045 BB 0 oSBT EP P MRy eion of

FIG i ekicrirben a@0afdnot@sent iyéd. Bledradntsathodafer 20i9€dned to a
gl ass about 150 A thick, and the second el ectrode 10

thickoesp thaeangasfgznabouf 208 ] towhemt 2008kt Preferablye thd mictal-
of 1. 30 ns pulse was applied to

V (-1.5 V) with a
congaung FF%&%%@P%%@ﬁiéFhFhe devi ce exhi bited constant

current behavior rather than nmenory behavi or.

hcants - ' i Q.
e g 500 0k 50 o
9, sudh & AN l@ndopiovidedAbYvitidmaraBRongimiup $&er 6peeh@lg,Se, between

fabri cated device, also generated constant current .
the @@l@adiedﬁctrqebvﬂél/mci thetm containing layer 6. Alternatively, an additional

layer 9, similar to the FIG. 2a embodiment, can be provided below metal-containing
layer 6, between the first chalcogenide layer 4 and metal-containing layer 6. In FIG.
2a, layer 9 is preferably an Ag layer that is less than or equal to 500 A thick, and more
preferably an Ag layer that is approximately 200 A thick. Similar to the concerns for the
exemplary FIG. 1a-1d embodiments, care must be taken to limit the Ag source for
long-term temperature stability and endurance. The presence of layer 9 addresses this

concern. Again, the presence of layer 9 is not required.

[0072] Referring back to FIG. 2, a second electrode 10 is formed over the
metal-containing layer 6 to complete the formation of the chalcogenide constant
current device 101, in accordance with the second embodiment. Further, although
FIG. 2 is described without intervening layers between the metal-containing layer 6 and

the second electrode 10, intervening layers may be present so long as they do not
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found that applying a negative 900 nV, 30 ns pul se did

not cause the fabricated device exhibit constant
wa@eeoonesite1behavi or. [0062] Simlar to the firstPCT/US2004/007514

exenpl ary device, the second exenplary structure 100,

preBh G B AL b e s Enipo Ry Lhe second
clebes&¢ Uh rthiyYoonlﬁﬁl%c GRY DRt 1&%r[ﬁ@§%g§w6:gog et B9 10 in the

range was ‘at l|'east approxi nmate
FlGebatbedimtmc tHovaler3@hes thelbsendreldda@derlangerit. ARGk direct

-1.0 Vto about -2.0 V was applied across conductors
confactaRigh 2?“@6@613’3‘1“4% layard, tlae escengictacirods difptheubd pfjdﬁ@ably not

.ment st,ructure 00 was fabricat ..

coripife rEERAETE Biraftedt i oo il it igiriahconaining layer
6. layer 4 conprising Ge40Se60 gl ass about 150 A thick,

a metal -containing layer 6 conprising Ag2Se about 600

A thick, a glass |ayer 8 conprising Ge40Se60 gl ass

4007381 150 At shiudd be apprtcatsbdnndhiefiscticogedd @ and the second

oGBS L LSh o A AcBy e O 1 ] kil ca pu s of,
' j 6 As | t, ,thi '
o] BB SLES A58 LN Rl LOPH Lial LB tEBevcn,

or dieARitivebe ARy iBt cleditedd akah cahPisd et BRI REGhPelectrode 10
constant current over an applied negative voltage

canrcpmeprisefsilear. | east approxi mately 700 nV, specifically
fromabout -100 nV to about -800 nV, after a negative

| ectri.cal e,of about -800 nV,6K was applied,
Pl o Rty -%ﬁ"du%%‘f‘oi%m/ngWC@haengg%tWEtCLﬁcglqag
: b i r thir

RSl S okt A A AT AT e
devR@A4/cRBith1conRGERt USAORNhOTRLES Cdives8bhaliy)a HRGic8 @MErkSted as

seens_to affect the magnitude of the negative _
shogaigfilCGal2, crabe peeused 15 perrag IGRAM meswiry cleviae d oi ceample,
in 8ooﬁcP§n%nc,: sy &Rt ccalillrbrcel%gd nm%dc:%' a potential of approximately 100 mV is
applied across conductors 10 and 2, a voltage of approximately 250 mV or greater is
applied across conductors 10 and 2 to write it, and a negative potential of absolute
amplitude greater than approximately negative 80 mV is applied to conductors 10 and 2

to erase it.

[0075] However, when a negative electrical pulse that is sigﬁiﬁcandy more
negative than the erase potential of structure 101 is applied across conductors 10 and 2,
the structure’s electrical behavior is altered and it exhibits constant current source
behavior rather than memory behavior. When in the constant current mode, a wide
range of negative voltages can be applied across such a device without changing the
device’s current flow. The amplitude of the negative pulse signal that switches a device

into constant current mode, e.g., significantly more negative than the PCRAM device’s
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[ 0065] Reference is now made to FIG 2 which shows

anot her exenplary enbodinent of the invention and its
woredohosglicof formati on. [0066] The FIG 2 enbodi PERNUS2004/007514

illustrates a first electrode 2 provided over a

substrate 1. The first electrode 2 may conprise any of
erapchpoteBHalu Bl varyrependiag siponghe ghickpgsy of ther respretivg plpalcogenide

olof st pEam sk OF o &SR TR et iy B B3RP Re Rl ayer 4.
descri bed as tungsten (W. Simlar to the FIG 1
gobrd] ment ,Inadhist éRnddladya%ehpl B hR FI. QVdHBsHiRRhWeL bnstant

el ectrode 2 and substrate 1. [0067] Next, a
curctret] drviye waddalyficassl inawykich 4h¢ §rst elecadde Reronpresedl itnsgsten, the first
el ectrode 2. Al thoygh FI G kS described w thout
lay¢r ePRiBRBSR CysFe alt AR %‘ﬁ%ﬁ\fqm the wetal-ggatagung fayer 6
OQERI 4, .] ' I .
cofRECRPALIE 18A3Bol Y05 AeidT LS VEO LB UELPATIY Bioprisa
turig@nFl G 2 structure in a constant current node. The
chal cogenide glass layer 4 is preferably a

er mani um sel eni de ?I ass having a GeXSel00_X .
gﬂ@?Zhi onetk pegatifhelestritdal B ospotérsiat afgd Vdr15h€) was applied to

chal.cogeni de gl ass.layer 4 is from about . Ge18Se82 to
the i AL i JicsT it Y8 POTAE JuP e ssB o gurrent
t. = 1 n . .
oeB80 a5 R3RORE AR b B8 LA ARG apoiios n clcricl

negalive BOasspdehiadial thngasged from @aaitt-110V B dbduab2t V48Qhe
A. Preferably, the chal cogenide glass layer 4 in the
fabpipged Alewind alip iEsReraresscanstanic ckiressbdfavigio Mo ws@r Avhen a more
about, 3001. [ 0068 formatj.o f the chal cogeni
PO E LR RAbhY B L RE 1 o BUBTER SO V> 30 ns
ulSGhwas o GEAELEA: Hs ARG AMNGEWhE BxQR ml A |
P erbodi rrgnt of t Eeﬂlﬂsnventl on, cz!i:n %e}‘ac@gﬁéﬁsee ly?toa
commntahrichenmelehods descri bed above for form ng gl ass
| ayers 4 or 8 of FIG 1. [0069] Still referring to

FIG 2, a netal-containing_|layer 6, preferably silver-
48083 de, ihegesaplagderve 0L HRaipFnEhy ePRGRtGUESEL Over an

applhac&enrcgg't'ivcl_\po a\é% rrangaengf a%uoiu é?bﬁ AL Iaf)out —800 mV. Accordingly, the

constant current observable voltage range is at least approximately 700 mV once a
negative voltage in the range of about —1.0 V to about —2.0 V is applied across

conductors 10 and 2.

[0079] In a second exemplary example of the FIG. 2 embodiment, a structure
101 was fabricated including a first electrode 2 comprising tungsten, a layer 4
comprising Ge,,Se,, glass about 150 A thick, a metal-containing layer 6 comprising
Ag,Se about 600 A thick, and a second electrode 10 comprising silver. A negative
potential of 800 mV (-800 mV) with a 8 ns pulse was applied to the fabricated device.
As a result, this device also exhibited constant current behavior rather than memory

behavior. As is evident from the second exemplary example, the total amount of silver
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containing |ayer 6 may be used so long as it contains
an adequate source of netal ions, e.g., silver, which
w@2av4peme7 i N and out of chal cogeni de gl ass | ayRCT/8S2004/007514
during device 14 WD 2004/ 081617 PCT/USZOO4/OO7314 A
operation. [For, iLnstance, besjdes sjlver-selenide, the
PrERGH. BEAEHR AL PO 4k hbEreBItE P trg HgRIVE potential that
ne&dd doak! «%ﬁﬁ%&% swRth 3l da g .'ullt%yc%rn§t&hp ChHas Abke.
chal cogeni de [ayers contai ni ng g, e.g., _
chal cogenides 0, S, Se, Te, and Po. Silver sulfide,
si00Be1 oxi dehe fabticsict device belidtairiede, cdm8fan@xamBh€over an applied
anmpng others, are all suitable silver-chal cogenides
negye Vﬁ&?fgfb@nge b gt leastappspximetrbay A0 myV) speeificdly fomp. 3baat ~100
I enj e r_contai.nin .. [ 0070
B ERREN RPN Acatont ShIL R A0 LOSOL o bout sy wis
PIRIGNRESss cHeBBHEDE 1800V Al Vit RO PRIk OL ThO%TG. 2
apnetal-cgr?taining | ayer 6 of the FH%% 1._eﬁﬁ%ﬁ|ﬂen€.
embpdmentidah istafanggedhatrit Hepreleptnding tuponi thg deay®l oBneeded
i.s i.n contact with the wupper surface of the

aP@%%P%%genide gl ass layer 4; however, intervening
| ayers may be present bel ow netal -containing | ayer 6

: ti f Fl G .
SPObOLS, 2 SNBSSy b lnd 61

acchbdatice ©@tH @icnintigodigitats f the Kﬁ'&%ﬁ?ﬁleﬁ?ti@n WhicE KeSslly exhibit
t hat ranges from about 200 A to about ZdbO_A.
PCRdYlanebbyy, bethwiaretan be pamiaienilpgohayeid © 4 sombowicufi@ft device

A thick. [0Q71 an al ternative enbodi nent depicted
by ppplppg a ffl&amci‘?]]"%‘%ct Jcgerathe Gafe ingexcessH the npgptiveypltage

- [ - - taini.ng layer 6, e.g., .
T N A ER
Stateet alotk@ntai, Appideay ﬁ%mﬁcalﬁll}f RIOR@hESRIVE el RBiAH ﬁhrs& A0 the
|l ayer 9, simlar to the FIG 2a enbodi ment, canh be
devfiﬁeos‘,q:ras@dacn@m@a&, cepverts demhanpindevideanes a Gpnirehtvaaredt evice. It
fi,rst, chal cogeni de | ayer 4 and al -containing | ayer
wagalsq pbiered M3tihg %S%“F}{ & YIgRRY g&é& PyesaRt iagthe speptanherrent
devis 18890t , QMR8 sl Ge %9%11%1&4} ln%iéati\%ngotgg{izﬁ 8 ns pulse or a
pulse of larger absolute amplitude at various widths could also be applied to devices 100

and 101 to induce constant current behavior.

[0082] Applicants further discovered that devices 100 and 101 fabricated in
accordance with the invention, can be operated as a constant current device without
first operating as a memory device, upon application of a negative electrical pulse
sufficient to place the device in a constant current mode of operation. Conversely,
devices 100 and 101 fabricated in accordance with the invention may be operated as a
memory device without first operating then as a constant current device by application
of voltages below the threshold required to place the device in a constant current mode.

As a result, upon application of a negative pulse sufficient to place the memory device in
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preferably an Ag | ayer that is approximtely 200 A
thick. Simlar to the concerns for the exenplary FIG

wo as0sgissbodi ment s, care nust be taken to | i mPCT/082004007514
source for | ong- tern1tenperature stability and

endur ance. The, presence of Iayer 9 addresses this
A CORYIR GRUTCRG gllchic q Cﬁq,tég)e the dgyice ERBieIty to & cppptant current mode

f G 2, d
?ﬁﬁglﬁ%gQZ§J‘£$ﬁ§{ over%fa'l%!(re ﬁ%fgl contglﬁsﬁgn
l.ete the formation of the c

é@ﬁg Bt JBRTBHICT daRcbe e O e P Ce U R AT EhPeing and
res%%ﬁg gH—Q tWhlEﬁI LAy thrg'hg%l{] 9(5‘194? fFfent d%.ﬁccs 100 and 101

out |nt rveni ng ayers Setiee
suchels aies@maanmlmg I ayer2, Gvigsdin o digisERE eRfte®] GSdra@6ke midle.
intervening | ayers may be present so long as they do
not 15 WD 2004/ 081617 PCT/ US2004/ 007514 prevent
&9@8%& i on glor tPNéP(FSFG)f @sm};rhﬁ@dmeecupmoen, clammealmds of changing and

SRS e PRS0l LR GRER PP G v
thel Iﬁeﬂhr&)%s afd uaﬂl}f Qe ﬁ?ﬁ\é&\fs lthe YREM LHESEL 26?
el ectrode 1 FIG 2 1s 1ndrect contact wt

net al -containing |ayer 6, the second el ectrode 10
§0085H pr eflapattioplarpin exonplaiysersinhredroOuiok@sd in beddddance with
putt red 0 to an Ag2Se | ayer acting as
FIC?ne} belay in asfélfence to FdG73] cmpuises @ kptim tungsten

i Eesia h t irs | ec ec
clodigh ?on%@a&eﬁfs&ﬁEss ek BoREr SRR L e aldry dhour 600 A
thicK, a@&ﬁ&% efttoR@EREd BY S-S @@ou@@ml tBRk, ddta tdg Silver clectrode 10.
electrodé 2 and second el ectrode 10 can each be made
Thig, whemgdt etructuoe 180 tof FilGt lvielny; cotsearftiqustene hesteraadiea PC voltage
. an conprise tungsten and the second el ectrode 10 can
in tg‘Br’Fﬁ)‘-i‘ges @W%magﬁﬁ Bm]apmqv%mame-kp& isappligdaergseclegrodes 10

and 3, e 1s H?eggf&en%/‘%ﬁm rc'u%% (1/V curve) as illustrated in FIG. 3.

[0086] FIG. 3 illustrates an observed region A beyond about ~800 mV where
the constant current value of -8 pA begins to decline for the constant current devices of
the invention. Stated in another way, region A is where the constant current value is no
longer maintained at -8 pA. It has been observed that Region A corresponds to a reset
region or breakdown area of a chalcogenide constant current device 100. Specifically,
when structure 100 is in constant current operation mode, as depicted in FIG. 3, the
constant current value of the device can be reset to its initial constant current value, for
example -8 WA, by applying a more negative voltage greater than the negative voltage
threshold of the device. The initial constant current value is the initial current value of

the chalcogenide structure when it is first switched to exhibit constant current behavior.

[0087] A constant current device can prematurely degrade if the applied

potential is increased too much above the point where the constant current device starts
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potential of sufficient magnitude can be applied

across electrodes 10 and 2 to cause the device to
weioste1zonst ant current behavi or. Conventi onBtT/¥$2084/007514

device fabricated as shovvn in FIG 2, can be operat ed

o e b Rl By of e
conGRRE GIRTR £ 100 Mk, RRRLY SNRGLESTF ORANELRE ShdBhcrease

a voltagé of approxi mate rea

the 2PRdthidc1 3RS SakREH GcotiSwitA aaegeazedt Pulkk iof Sinitar odMds @amplitude
negati ve potential of absolute anplitude greater than

as ualppﬂsoquapedaysm‘étgaiqvwe tS@anbm eonaplt icertenobdunihuc tfowrder, after a
10 and 2 f se it. Q§ﬂ$$mever n a negative 4

CertANRGEALIXG F cﬁﬂ} PYtaHal; “’§F & SA£F8}ORoh @ CORgighE FyrEent device

will 3R Rede P Bo B ?xﬁ 2P %&%g\'&ngﬁt xﬁﬁLLeoi‘Hé Corstdnt c?m%f&? HE§Ee’s function

across conduc ors structure

is kile@c ty inoad phehrableahetihddadfliredeeth@n dohita@@@ﬂrhﬂntt glevice’s constant
constant current source behavior rather than nenory

curisahssiois 2ppliEng Rrmetsepastivs elastrical pptemtiahode, a wi de
range of negative voltages can be applied across such

ice wW.t.ho chan e ce's current fl ow.
AR or ¢ SO0 e RPER S Gt b? GpBraiacie o lfStieh che
con$t4hf Eigéndc Yé §&ictbdhO-§ ‘&%Sttﬁ@&oﬁéﬂ;{r{t%*neﬂ? J8ue il vary
significantly e negative than the PCRAM device's
depthdip) W%@&Hxﬁ]tﬁes@@i‘ /dusgl@&éb/t&ﬂkﬁliﬂcatai assccpadaent wath, the
vv| | 1 vary T&Eﬁind upon t he thickness of the
edipeats i Inallc alsg) dependingeppem the nsalamamt A3Ag in
resent,i.n the e
dCV’rC8§/ b &ndq&&%ﬁurﬁhﬂa SREM AT PR BH SPREC-s00 mv
in FIGG3 ?cg?ﬁf‘i’ Adi R Mion é‘arPﬂE@tfﬁ?t c.gCWel &BAreABY | <SSR he value
fabrica in which the first electrode 2 conpri sed
depiaterdy 8t BRG. 3 hdepehdsie upcayidie thickoegraf skel ghsfﬂécfk’.ie@ﬁl amount of
gl ass about 300 A thick, the netal-containing |ay

silveio i RRRIEFdRFEAFYSEOgFe rStHbthes pothaughi HG. 3a1H§StF9f‘}§9 that the

devitE ggﬂgta?rllsef LR85 %er%ﬁ{%’{ tsleast 700 mV, the thickness of the glass stack,

total amount of silver, and magnitude of the applied negative voltage, will also affect the
device’s range for maintaining a constant current value, e.g., a constant current device

can possess a greater constant current range than depicted.

[0089] Thus, in one method aspect provided by the invention, region A of
FIG. 3 corresponds to a negative breakdown voltage which can be applied to a constant
current structure 100 or 101 to reset the structure’s constant current value to the
original value observed when structures 100 or 101 was initially switched to constant
current mode. In another aspect provided by the invention, FIG. 3 also illustrates a

method for changing the constant current value of device 100.

[0090] Applicants have discovered that applying a negative potential, up to a

certain value increases the constant current’s amplitude. Repeated current pulses of
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tungsten. [0077] A negative electrical 30 ns potentia
of 1.5 V (-1.5 V) was applied to the fabricated
wez@apsmry device. As a result, this device exPCDUS®A4/007514
constant current behavior rather than nenory
behavior. 1t was further found that applying an
Slmdilue@lt lﬁ$scaeilllphtﬁdg aan ﬁ@ﬂm m@ep@ttbﬁ F@Iaﬂtarttrfaatrrqnéﬁ gﬁ@hfcwéﬁn The

%d% to Qr|cated degﬁ
ncg&P%f‘oP%téHE‘ 668556‘8 rFQt‘BﬁrtCa%?JPF éﬂPStB’é‘h%RfF PRIy dy Will vary
depth&itody (?’5?1; the s%%&drhlV&aﬁic%‘é}Isht%f ﬂm‘&%ﬁ@tah{‘é\ﬂrerlr c@sv}ée\’\'as

applle or exanple, a negative 900 mV, 30 ns pul se,
Conmverstiss applyaovefoditiat poiehsialdiedraasds thorvasthnt hi@rent’s amplitude.
S exenpl ary device 101 into a constant current node.

Sinjilodygepaived eween mﬂgﬁSdé\ﬂr@éarmiew% %@Pﬂaﬁlé'éws dagrease the

current over li ed Ve vo e ran
coniigh o HrAtTtyaRb s 4B0 DR A BB A it erecrease the
conSfB# E@En@ﬁrﬁﬁﬁﬁd@%ﬁ‘ﬂ?@%eﬁ&in LrHeARER riSl éﬁar&&@&tncs of the

approximately 700 nV on negative voltage in
constangeuwéntadwvide. -FlirtheY demilahauprovitied Bélow. appl i ed

across conductors 10 and 2. [0079] In a second

| ary anple of the FIG_, 2 enbodi nent, a
E@ ﬁilt ure mlf%évf%f@bﬁq%pé&qqﬂepa@pﬁg l%cmtg@t current mode, is

Gt T e T R L T
thah a_w%ltage aﬁemcﬂ& (VE) vahe2shRwaPRUETCR 00 thists rﬁkdc@%e@the value of

second el ectrode 10 conprising sil ver. negative
the ponsmm airraft li3Qi0, ey, (rBOOsmMjerin imgait@dnsasphbosm mddG. 5. For

PurgBiR o8 5 SR A A TR IRE B deseHibRsal oG o fptzates a

conté%ggp ﬁﬁ&?ﬁ l}e/rg(uat %qh %&E&Q{] go{‘ﬁ}/é ol?al\go S();vt] t % ,r ‘gﬂst/agﬁhéq g@%_lcturc 100
tha?fd Qﬁlg@B&ﬁ&EhE’VE/sh@&QQA/EQQ}Y 414

[0092] It should be appreciated that, as FIG. 4 illustrates, the magnitude of
V,’s which can be applied to constant current structure 100 can be of a larger absolute
amplitude than positive Vt voltage 60. Referring now to FIG. 5, which illustrates
various V,’s, graph 61 corresponds to the applied positive Vt voltage 60 of FIG. 4,
graph 71 corresponds to the applied positive voltage 70 of FIG. 4, and graph 81
corresponds to the applied positive voltage 80 of FIG. 4. FIG. 4 illustrates only a small
number of V’s that can be applied to induce a larger constant current value, e.g.,
decreasing the constant current’s amplitude. As a result, FIG. 5 illustrates only a small
number of constant current values that can result from an applied positive voltage to
structure 100 operating in constant current mode. Further, FIG. 5 illustrates that
repeated current pulses of similar or less amplitude can further decrease the constant

current’s amplitude as graphs 61, 71, and 81 illustrate.
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present in the device 101 seens to affect the

magni t ude of the negative potential that needs to be
wappkiogdito switch a device into constant currRCt/UROE007514

[0080] The fabricated device maintained a constant

t:urre_lnt over an_applied. negative voltage range of at

YRR appr o%rerdingly, 2PDlINER POHEYS FRIEAACH §-F r bmBKHsRf than Vi to
stru;c):é{qg 10!6}‘/&1&7111%* 8&%%%{@ gggﬁ%%\% Qu%grgﬁeli%g)tgle Y& gtlg ?%5 e GRhsed

entra S ac

conStaBEERQERSIANIRAE tiZan sl idbséied Rien struRAROd00BHs. first switched

the FIG 2 ‘enbodi nent can be of any geonetric shape
to apepEndi ngnuporcurteat desler dibraxampéd étthe appbtasatiromt device has an

.. [0081 | i cants hav i scovered that devices. 100 and

méfgqoasg%}éfcgla@ea vilge _ngg aritastteth it HEG ertrorpsth wlgge 70 can

be appiied ftszaﬁgv Q}SSWC'OBE}%&"@H&&&%I Lééra‘%éé‘h}bﬁfds. DA 71.
nory behavi or, can bé permanently converted to

State@RHbEHr vy Ve i aphii¥d €6 thdytr@RiteyleddcidgBEabhstent current
vol tage across the device in excess of the n:gatlve

streugtht. dgbe cosgjuitr@drens valwe cah bt kentdewdusdy deareased nedroirgd.
a const.ant current _device. Stated ot he

devi to,
Theglpre, apphmg PRSIV GHPIAECaREHyY mbP EORY: GUEDE Fewers 10 and 101
aﬂoﬁ}ée 58 HRAE e %%ﬁaﬁ?'c&rrgg%e"t%t LU 'coﬁ&QﬂF{LEr§exlfAt;}§1ue than

nory device 1nto a constant current evi ce.

the detice @hsgiyvethibibad. the greater the amount of Ag
present in the constant current devices 100 and 101,

a | arger absolute anplitude, negative potential 8 ns
% or alnpopdher prcthed gwecassoinyestianprovidese method of

e 88 R B0 SRR S A S

desétRld ﬁ%@itogsl&ﬁ% b &efendd 55 RYES S ﬂ“t‘& al AeUlfese Hni Qgé@t.]ant

fabricate accordance wth the 1 nvention, can

cureperatedillasiracd i FIGNE fedih feqihsdaly i7a e amd BMoavoltidd mbre negative
operating as a nmenory device, upon af_pl ication of a
1

thame gaepiive iresbold valags Vs bneeslyire ibeisppticd & piracere K. This
Voltgag%i;gaﬁ%)g?xy)awg AN aSE \rf](t)lta%%doef tggz de 1gé.a£3<|)ro Ir)]l:'ll‘pOSCS ofa

simplified description, this voltage is described as V,.

[0095] FIG. 6 illustrates in region A (analogous to region A of FIG. 3), the
breakdown voltage of a constant current device 100 utilizing the constant current limit
graph 60 of FIG. 5. A negative threshold voltage (V,) is applied at a voltage slightly

more negative than the upper voltage limit range for the existing constant current level,

defined as the breakdown voltage of the device.

[0096] For instance, FIG. 6 illustrates that negative 800 mV (-800 mV) is
about the upper voltage limit range for the existing constant current value of structure
100. Therefore, a V, must be applied that is slightly more negative than -800 mV as
FIG. 6 illustrates. Specifically, the breakdown voltage of constant current device 100 is

provided by Region A, which is slightly more negative than -800 mV.
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devi ces 100 and 101 fabricated in accordance wth the
i nvention may be operated as a nenory device w thout

WO prgsisper ati ng then as a constant current deRCTESIIY4/007514
application of voltages below the threshold required

10087 L poke BB PG aFRan ARSEFSgap IV BurGien s more negative
thaHfolue L8Dd ?H‘g é%c%%%&%ﬁ%@‘%?ﬁﬁg&&g h686. llﬂefcila%@é/\% more pegative V,

2004/ 08161 constant curr

of efuab pevapiacr thie -8V deasdiaded trésck ehcERgitantrent value of
current nnode and remains in that state even when

strgcsireabl0. | Elomeaveu edher] mgssye Vi valnot ¢rer bagseeon, longes they are
e P P S R LSRR D b 100,

CSEHTPEAEAgRS 100300 0Lk it AL 5,7

illuswates tHa0 @B folsintpmrEns's ippér wlsighhinit katede ssFroRinh A8y 800
the nethods of changi n% and resetting are described =
m¥farropgapeetrrens syructe ilOf ekhuspe skightlycmerenedative &), igapplied.

T e R
t i . r. r t . .
andPeHel dngMlitale o@@lg@ﬁ@ R SY%HEI, é:kejgs. : Y%,g\&er%\qrgg{ gé&%?lghﬂgupon the

accordance w t G 1

thiclekey efitbe glas Ely&s a3d theapiouse sf Aghoithiantht kBgstheNcurrent device.
el ectrode 2, a Ge40Se60 first glass layer 4 about 300
Fugkher, applymgmymsee pegasive sleghénal signd than t$H0Q mV serasao3aeoase the

COfgfﬁ%Qggrr%@?ﬁ?%a égrﬁﬁmabout 150 A thick, and a top

Ver "élec " Thus, when the structure 100 of
FIG 1 is in a constant current node and a DC vol t age

[009&E r angeuRf apEnE %I VIBKELY Bl AR t%hBLEKY ofvhBltace of
\[/ IS jlprl i ed across gl ectrodes 1051) and 2, the dev‘fvce &
thetregstahecwuentaleviceohisegbe cuising cohdfamruredntaslue, e.g., the existing

illustrated in FIG 3. [0086]. FIG 3 illustrates an ,
CONSIHEE FYRER YT WO RCRIBSYBARS RASBHYC OBBISTGACS IR censpBCurrent’s

- ' line for

am}?lﬁcﬂag.a i O‘El'ilﬁtrrrvg&rds,v %Jp%gng b m§re’$}e%§g{zenx§oltca%eqﬁgt corresponds to
e constant current evices O

region A of FIGS. 3 and 6, can either reset the constant current limit of structure 100

to the original constant current limit or at least raise the constant current value, e. g.,

make more negative, of the constant current device as FIG. 7 illustrates. Further,

repeated current pulses of similar or less amplitude can further increase the constant

current’s amplitude as desired.

[0099] Specifically, FIG. 7 illustrates that the constant current value of
structure 100 is raised, e.g., from about -8 pA as FIG. 6 illustrates, to about negative
800 nA (800 nA). As a result, a new higher constant current value is achieved, e.g.,
more negative constant current value. Particularly, the higher constant current value

achieved corresponds to the original negative constant current value of the constant
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the invention. Stated in another way, region Ais
where the constant current value is no |onger
woradoapsiened at -8 A, It has been observed that PREUSIN4/H07514
corresponds to a reset region or breakdown area of a
chal cogeni de_constant current device 100. . . . .
curggis device al¥s\F1G. WHEnstetes, rqeenstang crgrephvalpe issigpificantly higher,
o gourrent o eration node, as depicted in FIG 3, the
B SNEEAE e rent val ue of the device can be reset to
its initial constant current value, for exanple -8 A

byo RGP Yi nq: icﬁ@f,%tpﬁgfﬂ?%]ﬁ g M NB 0B 8RbRMndehale @ from
res

negative voltage old of the device. The initia
abarwrS0AmMV garabent —¥.81 eesults ithe biraaktlpwh voltage alowialgube gbnstant
t he chalcggenide struycture when it is first_swtched
curfetdipHE B7 PC EBRE PLfisCE R RGPPSR Gt deviseg Fowever, in general,
' I kel i .
oAb AR Y BGR BB0PEPILATE Y HEBER Lok hecic

bciﬂ%ideitr dr ETHREfofd) MiSik pRéfefabld @At a Beatlkdewatwltage withiNRgion A
2004/ 081617 PCT/ U32004/ 007514 to reduce the const ant

(which mélhvary ab descaibed labawt faateach consEdr® cugrenTHevice) that ranges from
degradatjon of th nst ant , current devi ce can .
aboyy aptan JOIBRAL 1% OB BRRHSH Bt * CPRNmVGHIrePh E°YiRE Py devices
100 Bad 10% (58 Qgi%tc gp}afiécé%%ﬁQbh&ﬂﬁ%ﬂ%ﬁ%ﬂ%@:&% WA Bore negative.

repeated pul'se of simlar or I'ess anplitudé as
initially used to cause the device to exhibit constant
¢001€@Nnt bekdshongh abplyidies ma@at hegative Cegreaten tiegal OV typically
el ectrical potential corresponding to region A a _
resiglerigtthacopsianieritredd vicgiee being desgpyeddhbis if ot alwaysnihejcgpe. This
const ant rrent val ue... The constant current. device' s
Vil iBorard Ve SRPRIPeRing Wt thedPRpES IR g Within the
codsBRRLhirPHr et SEANhotaHle B (1O ¢Re S GQN %trflafe negative V, may
current value is app?ylng a nore positivé.electrita
be puiledtd. @l mdrO@8gdtivBtthhh 1220 &F withgut destlofing3thei devibothdther,

be appreci ated that although the constant current )
appliEpg R MerediggREYE Y- gecaty than rAd ¥ onast remtlt syheedrvicarsfating to a

(1] var dependin n,the thickness of the glas
verfle S CERER 1Y ak BN Gat B ARRRSR e pliscll R
programmed as a constant current source again rather than destroying the device.
Again, this is dependent on the thickness of the layers present in the constant current
device. Thus, in one aspect, applying a more negative V, greater than —2.0 V can result

in the device resetting to a low constant current value.

[00102] In effect, the methods disclosed above allow a constant current
device’s constant current level to be changed and reset. Changing or resetting the
constant current value is non-destructive to the chalcogenide constant current device
100 or 101. Therefore, the constant current limit’s value can be decreased, e.g., made
more positive than the original constant current level of the constant current device by
applying a V, voltage, and conversely, the constant current level can be reset or raised,
e.g., made more negative than the original constant current value. It should be

i
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enbodi nents of FIGS. 1 and 2, and al so dependi ng upon
the total anpunt of Ag in devices 100 and 101.
wo-eootlogrs17 al t hough region A is observed beyondPEbusi004/007514
-800 nv in FIG 3, region A's location can al so vary,
e.g., be greater or |ess than the value depicted in
appietigiedghay thegls 9fslre PsecntinYIBHOSsArs RPPU@DY] tosany constant

stack, total amount of, .silwyer applie ' .
ot esss e iRy e pevidis Bl e T RBB RS LEPR bt nce wih
FIG?hPEnHQ? device nmaintains a constant current of at

east 700 nV, the thickness of the glass stack, total
anmount of silver, and magnitude of the applied

[06388] ve Vi dmsgher aspedt, tesovaftdecalse heovidtea methodrefnydizing a

for maintaining a constant current value, e.g., .a . .
congsHstuarant dgrice pechydipt Edunignsss sagealog @F@Qﬁgfievm This specific

const ant current nge. . Lcte rerd -
sspel B B G R of SR A TR TR PRt KR ro applicd
to a@bnstthGurdHAUNREP Wt thescacoreaat tieechi Rakdawn dvehhagd, the
whi ch can be applied to a constant current structure

posifif@voltagk8,le.q Vet weheappilicdapackiese tlanetmsant surteahvalues can
val ue to the original val ue opserved en structures

also frgcriegeroppadwds i, R MUSFAT R EF Al SUER HA QP emet 8t can
) aJn [ ' | ti .

o TS S SRS 0, B 0 i

diffiGOmsSiARtant RlFeRt valadsy ehcddondemi eerréR0dei€0Q0]be read such that a

Applicants have discovered that applying a negative .
plurplityerftmhehpriugates can be stored. nEeedl meniarg stds esrrespends to a specific

constant cuyrent's anplitude. ,Repeated t I ]
CongRnt GG VBBt 8 LB P CIPGEECAT SO BLAS & HPYAT S amplitude
can lﬁ?r%ﬁcr llehgeu(ﬂ‘edﬁ%%8£ Hﬁ&%rstah@ ChLEases Erﬁgﬁﬁﬂﬁs @R} of these values

current s anplitude. e negative potential necessary

can be rtAELRBSOrd R rGANShRR asstthent ofSvagyipkistasele Wi I 1 vary
dependi ng upon the structural characteristics of the
constant current device Conversely, applying a

P¥Hidilve pBiGnd illustdess thagwshedtorgsrdinghe sonyrantougrent values

of aacrgglstia}&J g?r'rcnt device such that it functions as an analog memory device. For
example, when there are three available constant current values such as .1 pA, .5 pA,
and 1 pA, one of the three different signal levels can be stored and read by measuring
the current value. As described above in FIGS. 4 and 5, the same constant current
device can possess different constant current values. Applying a positive voltage (V,), as
FIG. 4 illustrates, to the constant current device decreases the value of the constant
current limit, e.g., makes the constant current amplitude decrease, as FIG. 5 illustrates.
Applying a positive voltage such as lines 60, 70, and 80 of FIG. 4 can result in lines 61,
71, and 81 of FIG. 5. At least one of these constant current values can be stored and
read individually. As noted previously, a plurality of constant current values can be

achieved in a single constant current device.
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Simlarly, repeated current pulses of simlar or |ess

anplitude can further decrease the constant current's
waepkiogswde. Again, the positive potential neceBSHU§2004007514

decrease the constant current s anplitude will vary

SRE0Rh o dRce Aoty MRy o dbe ad if PePgpdipdmgn the
Vah?e%lo% {JO a]VTW?é &Inlry vo“tﬁ B wilil YL Oto a%ch';f t\f ng ,and V,
poRiReyolEE Wi

In const & cuf ren

canvisd &@lﬁﬁnﬁ@d\/\mo@ ﬂl@ﬁ%oﬂier@ﬁﬁia)ﬁt tSrrOht yaliedel alﬁhﬁ@tlh@k@lculaﬂon of
anplitude than a vol tage threshold (Vt) val ue shown

thejppsiEive,V,4hat Wasarzphgda;b cdeser'éasumilptly, willzig dfe catsant current
Vahi‘Fﬁg?W ,L‘agl%gr% u]ﬁp@g of thn‘%g?gu ; r?i)gg% §‘I’ ag]apghed to cause V,,

P @%fﬁ@?r“ﬁ&r%?r%gmg* et ek T P AT P e, can
the@fteatordReaistparerevitbind@Pstlf, fof tigs devle. | S appl ied to
structure 100 that is larger than the Vt shown in

FIG 4. [0092] It should be appreciated that, as FIG
409106kt r afeshoultbe grprrciagetbthar although tie whthasls dfghe present
inviifon ScBef 88 ft?r alepRehidE st trde ety rasgue 100, the
me@fddsREhRE HV@IQU&Q\M‘C': lrﬁscam' i |do ﬁ[’aﬁ?[‘:lﬁ?cm ptructure, such
e applie

various VI's, graph 1 co espon
as qomstaht verrdfit suaictizgd 080 and afd fat jdst hrgi‘tétlblfb e constant current
corresponds to the applied positive voltage 70 of FIG
strugturgh disghosgshwahin. cor r esponds to the applied positive
voltage 80 of FIG 4. FIG 4 illustrates only a srrall

of W C e _appl, ed t
THTROEL "  hrdeh WholER B8 cARRulRE AcldidlBuBg Ry
for@lfib & BF ofilyedHY dHaRQI)%en& Ank@attdrredtlsPucRirk 110084 P(jle?c must be
only a small nunber of constant current values th at
undgastopdshatithe immnsionapptireplapsshe formaviohtafgeytommber of such

tructure 100 operating in c tapt current npde.
chafsgeE REE COPTEt GTI ISR HIES Agrpilrr Wetfehple@eenifle eppstant current

r R furt her
str g‘%‘;f%g gasfg b ab@cgt%dtaglﬁltgrgg%lre?gﬁ %ra%eﬂf élsﬁlgt}f gg ﬁlcmcnts asa
noBlimitidg eRffpl81 Thus UHer @hRogenide glass constant current structure 100 or
101 can be utilized in many electronic devices. Specifically, the methods and operation
of the structures disclosed above, can be used in any device whenever it is desired to

have a constant current maintaining device that maintains a constant current over a

wide range of applied voltages.

[00108] A typical processor based system which includes a constant current
device according to the present invention is illustrated generally at 500 in FIG. 9. A
processor based system is exemplary of a system having digital circuits which could
include constant current devices. Without being limiting, such a system could include a
computer system, camera system, scanner, machine vision, vehicle navigation, video

phone, surveillance system, auto focus system, star tracker system, motion detection
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21 WD 2004/ 081617 PCT/ US2004/ 007514 [0093]

Accordingly, applying a positive voltage, e.g., V1,
w@e@angrwit han Vt to structure 100 when oper at i PQI/US20041@07514
constant current node results in a decreased constant
current anplitude than initially observed when . ..
systsfy, JRge stabtizatiaR sysrem and dirtasrsapression patar o1 lpjgh-definition

const apt r.r.ent node. . For ex le. if the constant
tde&ﬁi%ﬁﬂ Oﬁ%}“ﬁ%cﬂjag i tlllcrﬂr?slegfl NSRE%nt current val ue

of -8 gA as illustrated in FIG 3, a positive voltage
100T@g be ppRickREr bisecdGhiteme s/ @A kyseaith [ foRExample
value illustrated in FIG 5, graph 71. Stated anot her

genggatly osinpriscapptinted procassing snitu(§RIY p S44dioc iemgmpleea
.constant current strengt.n. The const ant r.ent L ue
MiAPrQsEsSeH R hERIBENHIGES r%@g%%‘?:l lqﬁfuté@gﬁpﬂléélf 55rﬂgY1&? 5‘?@ over a bus
i iti.ve vol . )
55 200 BB, PRALI K012 Sripunites UEARSL OO g bus

55Z.0MHE B pukdér §itenV500I8lsd tchud@WRhd SranStRn ncgty §RAM) 548, and,
value than the device initially exhibited. [0094] In

in thaotteerf meirhpateasysean mayhacliude patipbherabdended sschaasveflopry disk
.of __increasing or, r ' t.he bLgh .cqonstant current .

riF b AR R CBURC e (G o THIThEESe SBESeHehass Fraphatgry with

crUx4 fo@%retﬁll%eo&s% 55'. C@?HS%M?E. Rt Elgvil:é] 848 ?%ﬁr&?é?gol? l-8Rstructed as
constant current values illustrated in rom

an Prépitedidscuttlconddifinglat l@svond agécombticngaatiipee ahdaneal-
negative threshold voltage (Vt) needs to be apgl ied to
corgpining layer, a0previtnisly desarihedgeith sespeeroroldiénn 1la8. dheay also be

breakdown vol tage of th evi ce. For pur,pose f
desghfE PR B s Lo Prstsshr S5 gt o Rt afaiess Sand memory 548
. - FIG 6 illustrates in region A (anal ogous
On%%mlgg%%%h ‘of FIG 3), the br eakdg:/vn vol t(age ofg g

constant current device 100 utilizing the constant
current limt graph 60 of FIG 5. A negative

ts[lb?gﬁdtﬂflyd VIt idgént{ofdik ot LiaRRd @4haldetil Of tiddRlustrated
embodiments. Accordingly, the above description and drawings are only to be
considered illustrative of exemplary embodiments which achieve the features and |
advantages of the invention. Modifications and substitutions to specific methods,
process conditions, and structures can be made without departing from the spirit and
scope of the invention. Accordingly, the invention is not to be considered as being

limited by the foregoing description and drawings, but is only limited by the scope of
the appended claims.
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nore negative than the upper voltage Iimt range for

the existing constant current |evel, defined as the
whe@aksiorn vol t age of the device. [0096] For |iPGCI/ESHE4/007514

FIG 6 illustrates that negative 800 nV (-800 nV) is

about the upper voltage limt range for the existing

constant current value ofClsdMM&t ure 100. Therefore, a

V2 nmust be applied that is slightly nore negative than

- 800 s FIG 6 il]ustrat.es,. ecifi 2
or eakaulin & SPPEsk Sop SR FRHR o RO a8 bY e Ravenc of he
UnbRe@%kcAedisby Region A which is slightly nore negative
than -800 nV. 22 WD 2004/081617 PCT/ US2004/ 007514
[0097] Accordingly, FIG 6 illustrates applying V2
which is nore negative than about -800 nV to constant
current structure 100. Preferably, a nore negative V2
of equal ,to or greater than -1.0.Vis applied to reset
the c ns@&ﬁ?ﬁéﬁgwéﬁ?“V§W§8C8F¢“§F¥%cture 100. However,
ot her negative V. values can be used so |long as they
are greater than the constant current val ue's upper
voltage Iimt range of structure 100, e.g., a W2
greater fhaldhelBRAEgeBIO MM lafed! andiSt ance, referring
back to FIG 3, FIG % |I%ustrates that the constant

current's upper voltage l.imt, range,is .approxi natel .
"800 mAKIE1St OBR el Coipingie [y (Y JPUCE BEMETRLL Ofrate in
slightly nore negative V2 is applied. This is

i 11 ust r at echsgyntRegienn nodefsy di applisddustpradiago astogs saidhbayers
exact breakdown voltage and the anplitude of this

negat i versSh@Rle a Sutlrantiffly cskdnt\@i¥nt8P&NH 4lieBBItage
the thickness of the glass |ayers and the anount of

Ag within the constant current device. Further,

appl yi ng"®®8fror e negative el ectrical signal than -800
nV serves to increase the constant current's negative
val ue. [0098] Thus, applying a V2 which corresponds to
t he breakdown vol t age of

2. The structure as in claim 1, wherein said at least one chalcogenide
glass layer is a Ge,Se, 0. layer having a stoichiometry from about

Ge,5Seq, to about Gey,Se.,.

3. The structure as in claim 2, wherein said at least one chalcogenide

glass layer has a stoichiometry of about Ge,Seq,.

4. The structure as in claim 1, wherein said at least one chalcogenide

glass layer is about 150 A to about 400 A thick.
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the constant current device raises the existing

constant current value, e.g., the existing constant
w@ormmste1val ue becones nore negative or i ncr eaBEFUSINE4/007514

constant current's anplitude. In other words, applying

a nore negative voltage that corresponds to regjon A

of Pl ds. T8¢ AHHCBIC 2l diifthds Whersuy sachat aiongshalcogenide

current limt of structure 100 to the origina

const ant gl lagdrtis Abaritt25dr Aahickeast rai se the const ant

current value, e.g., nmake nore negative, of the

constant current device as FIG 7 illustrates.

Further, repeated current pulses of simlar or |ess

anplitude can further increase the constan current's

anpl i Qid s sTHERTS By qlmga whrew %aﬂcggwsﬁ, hyeigr Cpmpriscs a

illustrates that the constant current val ue of

st r uct ur eecd8@ chslcogirséd glaes lgysr frovided bautid Begdcastaining

FIG 6 illustrates, to about negative 800 nA (-800

nA). As ﬁgéﬁ%ﬁh%ec&d”&i’é{lé@ﬁeﬂﬁ%_%ﬁ% ks 2BHLE 50T ¥Rhttae 500

is achieved, e.g., nore negative constant current

value. Particularly, the higher constant current val ue

achi eved “esponds to the original negative constant

current value of the constant 23 WO 2004/ 081617

PCT/ US2004/ 007514 current device. As FIG 7

illustrates, the constant current value is

Si gni 77 cant kv ALGDE in c1finfe, whBES BRIAONE chhR808ke lass
Typically, applying a negative V2 that is nore

negati ve, t han roqggaﬁg$%#-800 mv to about -2.0 V
results 1WCLS BPRYK tage al | owi ng the const ant
current limt to be reset or raised in a constant

current device. However, in general, applying a nore
negative V2 greater than -2.0 V results in the

const ant TeHE#HBMurdeVinCBainP &l WhedBS{l PRI DAL /TG 8yer is a
it is preferable that a breakdown voltage wthin
region A. (which will vary as described above for each

constantﬁ%%Ff%ﬁPd8§VFEe) that ranges from

9. The structure as in claim 1, wherein said metal-containing layer is a

chalcogenide layer containing Ag.

10. The structure as in claim 9, wherein said chalcogenide layer is

selected from the group consisting of O, S, Se, Te, and Po.

11. The structure as in claim 1, wherein said metal-containing layer is

about 200 A to about 2000 A thick.
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about -800 nV to about -2.0 V be applied to a constant
current device such as devices 100 and 101 to reset
woeonasse’ t hei r constant current val ues, e.g.,POEKS2004/007514
nore negative. [00101] Although applying a nore
negative V2 greater than -2.0 V typically results in
the constant current device being destroyed, this is
not always the case. This value e.g., -2.0 V, my
vary depandistgctipens ichdaibhi thkwhasindaid hetdlaypardninigtlinen is
the <constant current device. For instance, the
t hi cker | nore negative V2 may be applied
e.g., nokgﬁﬁgggg%ggd?han -2.0 V without destroying the
devi ce. Further applying a nore negative V, greater
than -2.0 V may result in the device resetting to a
very | ow constant current val ue at which point the
devi cé3cdheBeuptirs adiracigdim by whemimedd agplEedcasstatige is a
current source again rather than destroying the
devi ce. t ' 0 of
t he Iayeréﬁg%gggﬁﬁbﬁhﬁéﬁgsggﬁggg%¥1%h%?en%a&gégﬁggég
Thus, in,one aspect, applying a nore negative V,
gr eat er 4945 - 2.0 V can result in the device
resetting to a |l ow constant current value. [00102] In
effect, the nethods discl osed above all ow a constant
current device's constant current |evel to be changed

and r ggetyy, .ChangiPgs Bf c1higs ¢! Hgl H%é% gggﬁc}gq{:ués%g% gﬁ{]}ed

val ue i’'s non-destructive to t

current deyvic 100 1. T t he ant
current Within® %%é$ ggéﬁ% §8&bogtg£8nia
nore positive than the original constant current Ievel

of the constant current device by applying a VI
vol tage, and conversely, the constant current |evel

can bggr t [
& 57 93ttt RS Gflclain®19; Whgt%ﬂ? saﬁ@ 'h@ gt ﬂfdls‘éets %@@I&d

the ofiginal constant current val ue.
WO 2004/ 08 7 PCT/,US2004/ 0075 reC| ted hat t he
T bode. BRAPLPECAEREon oRe: Feroa s ?tt%ﬁ "o any

const ant

16. The structure as in claim 1, wherein said device maintains a constant

current over an applied voltage range of at least 700 mV.
17. The structure as in claim 1, wherein said device further comprises at

least one electrode and a voltage source.

18. A constant current source device comprising:
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current device and not l[imted to devices 100 and 101
constructed in accordance with FIGS. 1 and 2. [00103]

w0 pooasgitsher aspect, the invention al so provi deBCHUS2004/007514
met hod of utilizing a constant current device such
that it functions as an anal og nenory device. This
specific aspect provides a nethod of exam ning the
constant current values which were applied to a
const arfirscard e ntcondwdhakogrde gtabekhgergandt ant current
val ues are determned, the positive voltages, e.g.,
V1, thahe¥Rtsn@Rihg ?%CE grcﬁfﬁk'dqy&w%&? s£Q T2l sEchrfc?m
val ues can also be determned. In turn, these val ues
can be read such,that a nmemor,y state.can _cqr.respond
Lo each SOBEAICEITIRER, A YRR g A IO QROPEY1 00
operates with different constant current val ues, the
const ant andithiemessiswhabacanapicdemgagve pulshatross said layers
plurality of nmenory states can be stored. Each nenory
state COpFBEPRR4ISah erade PBRAkAI &f the MeicBRhuEYELi§Mevice to
val ue. For instance, repeated current pul ses of
simlar or less anplitude can further increase or
decreaseo??ﬁ§Qﬁ9§§E%ﬁPtQHF?EHPOQ&aanitude. Each of
t hese values can be read and stored for an anal og
assortnent of varying states. [00104] FIG 8
illustrates the nethod for readi ng the constant
cur rento, Ve UsviceOds iRt chAASISARhefdih kAR SM LR S8 BhilB&Ecnide
it functions as an anal og nenory device. For exanple;
when t her are thre %yail blﬁlconstant currengﬁvalges
such as BHSSACrBISENSCSGep: HYK ha¥iie 3 ytopghiomeirg from about
different signal |evels can be stored and read by
measur i ngeisbhe teabpenbGendtsme. As described above in
FIGS. 4 and 5, the sanme constant current device can
possess different constant current values. Applying a
positive voltage (V1), as FIG 4 illustrates, to the
const ant ~qurrent device creases t.he,val ue .qf the
const 28 TR Rle SR cifim A9 WHRRGE o0 hHBol St g lavers have
current anplitude decrease, as FIG 5 illustrates.
Appl yi ng? stopdsemetyE of ebeugecsdh as |ines 60, 70, and
80 of FIG 4 can result in lines 61

21. The device as in claim 18, wherein said first chalcogenide glass layer

is about 150 A to about 400 A thick.

22. The device as in claim 21, wherein said first chalcogenide glass layer

is about 250 A thick.
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71, and 81 of FIG 5. At |east one of these constant
current val ues can be stored and read individually.
wa\soonosed? previ ously, a plurality of constant PCF/D82004/007514
val ues can be achieved in a single constant current
device, 2 2004/ 081617 PCT/ US2004/ 007514 001Q5 '
FIG 83 g?gﬁ\l‘/i\ﬁ?@ﬁ RS/} ﬁwm?a‘f%%fe%ﬁmwcoa &h%leggemgc Blass
Dependi ng upon the val ues of Va, Vb, and VW, the
posi t i veayenlis sgart\sioi & ho wheuahPd Redhidko achi eve Va, Vb,
and W can be determ ned. For instance, the constant
current value V. allows the calculation of the
positive VI that was applied to cause Va. Sinmlarly,
utilizing, the constant, cyrrent . val ues of and .\c
al | owdt Rbe daTiEaRat b PS¢ RASISESIAG FEOUf! BRsOBGEE elas
applied to cause Vb and V. Each correspondi ng
const antlaguis #riutd&0uk thivk, Vb, and W for instance,
can then be stored as a separate nenory state for the
device. [00106] It should be appreciated that although
the nmet hods of the present invention described above

refer_to chal cogeni.de nstant current structure .
100- 2o Thrderistas bl L nyLRR bR P e Dt g yer s o
applicable to any constant current structure, such as
const antsilgerrsebmidskyerct ure 101, and are not j ust
limted to the constant current structures discl osed
wi thin. [00107] Further, although the enbodi nments
descri bed above refer to the formation of only one
chal cqgeni de, const ant, curpent structure 100 or. 101, .t
mist B AT Soth TR LPnBLFiLI B P SHping Bker S o
the formati on of any nunmber of such chal cogeni de

const antchaleogemitie $tycniconagsng Agpl ural ity of

chal cogeni de constant current structures can be
fabricated and provided and operated with a plurality
of elements as a non-limting exanple. Thus, the

chalc 99¢ rfh‘f.ej edcgfcg 58 it QiR 385 wher S BEOYS gtelflri(?c l]é%)r i%elected

from the group consisting of O, S, Se, Te, and Po.

28. The device as in claim 18, wherein said metal-containing layer is

about 200 A to about 2000 A thick.

29. The device as in claim 28, wherein said metal-containing layer is

about 600 A thick.
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101 can be utilized in many el ectroni c devices.
Specifically, the nethods and operation of the
wareowoswies di scl osed above, can be used in anpCTHES1004007514
whenever it is desired to have a constant current
mai nt ai. ni ng devi ce, t hat infains a,constant current
over a0 Jhaeleyvisn @@Hbaalgb i WHeRpH) 194d BeSAVS PIES)IS applicd
typi cal processor based system which includes a
const antwithinrtastrangtefvomerbacc 6800 ngv to abbet H2.65ént
invention is illustrated generally at 500 in FIG 9. A
processor based systemis exenplary of a system having
digital circuits which could include constant current
devices. Wthout being lipmtjng, such a system.could
el udb. E}%e@wﬁa@ém dyist aff wheiin 2id peguhi rlingpplied
machi ne vi si on, vehicle navigation, video phone,
survei | |vainkia sydsedyradoh gadgreoSabops tSem) tostbaut B0ask er
system notion detection 26 WD 2004/ 081617
PCT/ US2004/ 007514 system image stabilization system
and data conpression systemfor high-definition
televigign, all of which gan utilize the present
| nven8Por e dstice 6 imclaiin L8 sWhFreimdd deyics Bataas f cqgsignt
conmput er system for exanple generally conprises a
central qurooessenan applicd VORMe Bdge df ar leestafff) mV.a
m croprocessor, that comruni cates with an input/output
(1/0 device 546 over a bus 552. The constant current
devi ce 542 al so conmuni cates with the system over bus

552 Jacqropuler,. sy stem 00, Bl 0ohnclides \LandeMcciode

conmput er system may include peripheral devices such as
a fl oppyandi skoltapeisear®d54 and a conpact di sk (CD) ROM
drive 556 which al so comunicate with CPU 544 over
the bus 552. Constant current device 542 is preferably
constructed as an integrated circuit containing at

| east ,one chal cogeni de gl.ass | ayer and a netal -
39" A Girfent de¥ice com%nsmg: y

a first conductive layer;

a chalcogenide glass layer provided over said first conductive layer;

a metal-containing layer provided over said chalcogenide glass layer;
a second conductive layer provided over said metal-containing layer;
and,

a negative pulse of a predetermined magnitude is applied across said
second and first conductive layers to cause said device to operate in

constant current mode.
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containing | ayer, as previously described with respect
to FIGS. 1-8 . It may also be desirable to integrate

W0 b@4fpsweessor 554, constant current devi ce 54PCHEHN{2004/007514
menory 548 on a single I1C chip. [00110] The invention
isnot [imted to the details of the illustrated
enbodi nents. Accordi ngly, the above description and
drawi ngs are only to be considered illustrative of
exenpl %‘ endottaasinslaum 3 vdehéiaseidt dhaldoganide adasabuger is a
advantages of the invention. Mdifications and
substi t uQe@es, ! LiyePRSIiAg & sPREMOMR iry fﬁftﬁ‘%%%ﬁt GemSc82 to about
condi ti ons, and structures can be frade with
departln%i gontthe spirit and scope of the |nvent|on
Accordi ng V ““he invention is not to be considered as
being limted by the foregoing description and
drawi ngs, but is only Iimted by the scope of the
appended cl ainms. 27 WD 2004/ 081617 PCT/ US2004/ 007514
CLAI M3OWEe dévicd iiTRthiaS ) eMcailf sti8ihhRdotBidPSlass layer has a
prot ect ed by Letters Pat ent of the Un|te§ States iI5:
1. A congt qurr el dev ce.conprising: at |east one
chalcogenlgﬂﬁdpaug %ﬂt %% sat | east one
nmet al - cont ai ni ng Iayer sai d device being set to
operate in a constant current node by an applied
first voltage across said |ayers to provide a

subst @7 ITd Jevi@nStiaRtaik B4, §HerdM 85idahaRPREAIEE ¥R taﬁtaels
range. 2. The structure as in claim1, wherein sa

least ong, GNAPRGR 880t 400 A thick.

38. The device as in claim 37, wherein said chalcogenide glass layer is

about 250 A thick.

39. The device as in claim 34, wherein said metal-containing layer is a

silver-selenide layer.

40. The device as in claim 34, wherein said metal-containing layer is a

chalcogenide layer containing Ag.

41. The device as in claim 39, wherein said chalcogenide layer is selected

from the group consisting of O, S, Se, Te, and Po.
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gl ass layer is a Ce.Sel00_X layer having a
stoichionetry fromabout Cel8Seg, to about Ge43Se57.
w@200Fg16st ructure as in claim2, wherein sai d BCT/USHE4/007514
one chal cogeni de glass |layer has a stoichionmetry of
about (Ge40Se60. 4. The structure as in claim1,
wherein said at | east one chal cogenide glass layer is
about 150 A to about 400 A thick. 28 WD 2004/ 081617
PCT/ UB20D4¢ A6ELds inTlaifhhdd sthiareinuniel mstal-qoutagiing dayer is
wherein said at |east one chal cogenide glass layer is
about 2504 4 Bleo dboul HBOBLA LT e as In claim 1,
wherein sald device further conprises a second
chal cogeni de gl ass | ayer provided on said
metal -contai ning layer, said second chal cogenide
gl ass layer is about 50 A to about 500 A thick. 7.
The st3.ufheideviasas in adisi 48,6yhahierseidimsail-dosadng layer is
chal cogeni de glass Ilayer is about 150 A thick. 8. The
st ruct ung,asshm ACihdikn 1, wherein said netal -containing
|l ayer is a silver- selenlde | ayer. 9. The structure as
inclaiml, wherein said netal-containing |layer is a
chal cogeni de | ayer containing Ag. 10. The structure as
in claim9, wherein said chal cogenide |ayer is
sel ect4dThe davithas igraaim 3bnehatinngidfirsoandsecsad cpaductive
and Po. 11. The structure as in claim1, wherein said

et al - coRfedl PSrideaY&ndultive material such as, one or more of
tungsten, nickel, tantalum, tantalum nitride, copper, aluminum,

platinum, silver, or titanium nitride.

45. The device as in claim 34, wherein said negative pulse is applied

within the range from about —-800 mV to about 2.0 V.

46. The device as in claim 45, wherein said negative pulse is applied

within a pulse duration range of about 8 ns to about 30 ns.

47. The device as in claim 34, further comprising a second chalcogenide

glass layer provided on said metal-containing layer.
R4

35



about 200 A to about 2000 A thick. 29 WO 2004/ 081617

PCT/ US2004/ 007514 12. The structure as in claim11,
wobedesrwisai d netal -containing layer is about PEDOSA04/007514

thick. 13. The structure as in claim11l, wherein said

applied first voltage.is significantl re .

negat #§-elharsdce puin %me%%s"éh?fg’t"eﬁ{‘f%ﬂco’ég C@Fﬁgemde glass

device. 14. The structure as in claim 13, wherein said

negat i véayeulisseGeSeappbyedavitgtaitnichenetanfont slmt{basics,

-800 nV to about -2.0 V. 15. The structure as in claim

14, wheregi 4, Regative pulse is applied wthin a
pul se d&?é@?gﬁt% nd% of about 8 ns to about 30 ns. 16.

The structure as in claim1l, wherein said device

mai ntai ns a constant current over an applied voltage
range of at least 700 nV. 17. The structure as in

cl ai M2, Thheleeica asai daidedd cehdénaint et sasonpchslesgernide glass
| east one el ectrode and a voltage source. 18. A

const ant f S SerderhBsuCarRke Si ng: 30 WO
S004! 0B 1R e e SO 10 2 second

chal cogeni de gl ass | ayer; and, a metal -containing
| ayer provided between said first and second
chal cogeni de gl ass | ayers, said |ayers having a
st oi chDoWerdgvimnds ithilaknégswherchn sdhdisecandabplcpgenide glass
negati ve pul se across said | ayers
layer is about 50 A to about 500 A thick.

51. The device as in claim 50, wherein said second chalcogenide glass

layer is about 150 A thick.

52. The device as in claim 49, wherein said second chalcogenide glass
layer is provided in between said metal-containing layer and said

second conductive layer.

53. The device as in claim 34, wherein said device maintains a constant

current over an applied voltage range of at least 700 mV.

54. The device as in claim 34, further comprising a voltage source that

applies said negative pulse to said layers.
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greater than an erase potential of the device causes

said device to operate in constant current node. 19.
wabh@4ggmite as in claim 18, wherein said firstP@nts2004/007514

second chal cogenide glass layers is a Ce.Sel00_X

| ayer having a stoichionetry from about Ge18Se822 to

about (Ge43Se57. 20. The device as in claim19, wherein

sai d chal cogeni de gl ass | ayers have a stoichionetry

of ab6bt AGeRGe6Qurddt mhtiraiddg) ecasrei dongdrizing: 18,

wherein said first chal cogenide glass |layer s about

150 A to about 400 A thick. 22. The device as in claim

21, wherein said first chalcogenide gl ass layer is

about ZPO A thick. 31 2004/ 081617 PCT/ US2004/ 007514 ‘

23. TAECHRNOSERPHIRSEeHdeglasyyFEi hving ystoibipmetry from

chal cogeni de gl ass | ayer is about 501 to about 500 A

t hi ckab@dt GFh%e gev ibeutaGe j;$e .4 lveicareiddt ledseort gersizdirdum-

second chal cogeni de glass |ayer is about 1501 thick.

25. TR AV IERs B 1‘ i a bfﬂx’fﬁu&él &5 8 é .agir t}mn 50 A thick;

netal-contalnlng ayet”is a ni ayer

26. The, device as.in clai 18 mhe |n sai d

et al ACBATATIRERFSgRAIIES JyCt YR Ben padg @f least two

containing Ag. 27. The device as in claim 26, wherein

sai d ghahvogenictmidalagersi s sel ected fromthe group

consisting of 0, S, Se, Te, and Po.

_two electrodes
a layer comprising silver provided between said two electrodes; and,
a negative pulse of at least -800 mV or greater in magnitude is applied
across said two electrodes causing said device to operate as a constant

current device,

56. The structure as in claim 55, wherein said at least two germanium-

selenide glass layers have a stoichiometry of about Ge,,Se,.

57. The structure as in claim 55, wherein said at least two germanium-

selenide glass layers are about less than 500 A thick.

58. The structure as in claim 55, wherein said metal-containing layer is a

silver-selenide layer.
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28. The device as in claim 18, wherein said

nmetal -containing |layer is about 200 A to about 2000 A
wo bioaks1620. The device as in claim28, wherei "PEHUS2004/007514

metal -containing |layer is about 6001 thick. 32 WO

2004/ 081617 PCT/ US2004/ 007514 30. The device as in

claim 18, wherein said negative pulse is applied

within the range from about -800 nV to about -2.0 V.

31. TRE. ddgistmcayeiapinctlainmbSowhatesr siich neaalecanegjatigveyer is a

pulse is applied wthin a pulse duration range of

about 8 ¢mldogeaideUiyedContinis A%Jhe device as in claim

18, wherein said device maintains a constant current

over an applied voltage range of at |east 700 nV. 33.

The device as in claim 18, further conprising at |east

one el ectrode and a voltage source. 34. A current

devi c&0¢disrsigichge as i ¢lhing b9 cwheient saik chalgegenide layer is

chal cogeni de gl ass | ayer provided over said first

conduct i sekcted/fesin tha gﬂaﬁﬁahow&@ SF S| Ry gle, RRPYLIEd

over said chal cogeni de glass |ayer; "~ a sécond

conductive | ayer provided over said netal -containing

| ayer; and, a negative pul se of a predeterm ned

magni tude is applied across said second and first

condubti JEeisayenge apinceige 58 avbicgiysapk metl spataniagilayer is

constant current node.

about 200 A to about 2000 A thick.

62. The structure as in claim 55, wherein said metal-containing layer is

about 600 A thick.

63. The structure as in claim 55, wherein said two electrodes comprises a
conductive material selected from a group such as, one or more of
tungsten, nickel, tantalum, tantalum nitride, copper, aluminum,

platinum, silver, or titanium nitride.

64. The structure as in claim 55, wherein said at least one germanium-

selenide glass layer is about 150 A to about 400 A thick.
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33 WD 2004/ 081617 PCT/ US2004/ 007514 35. The device as

in claim34, wherein said chal cogenide gl ass layer is
W@2@e/081%6¢2100 X | ayer having a stoichionetry frpoT/akmot/007514

Ge18Se82 to about (Ge43Se57. 36. The device as in

claimz3 wher ei n sai d _chal_.cogeni.de .gl ass | ayer. has
st oi &FF W%teﬁ%fla@%’ésgéﬁr%‘?Fmg‘lévﬁgﬁl etalang%ﬁ Cr?%Stant
cl ai m 34, wherein said chal cogenide glass |ayer is
about 1&@rénttaveabnappd@ivoltaghiratge afat lase70@wwY¥e as in
clai m 37, wherein said chal cogenide glass layer is
about 250 A thick. 39. The device as in claim 34,
wherein said netal -containing layer is a
ni de | ayer. 40. Th%l devi Cglssﬂgcr'lg

\?\Ilhle\rlg% sﬁl‘léﬁeﬁﬂ}fg\llgl ts i1y Glalm 55, IR S %e? hal rgﬁgéately

chal cagéni
| ayer containing Ag. 41. The device as in claim 39,
wher ei nab@htcSngltbi;@}enﬂ@F@- | ayer is selected fromthe
group consisting of 0, S, Se, Te, and Po. 34 WO
2004/ 081617 PCT/ US2004/ 007514 42. The device as in
claim 34, wherein said netal -containing |ayer is about
2001 bout 20001 .t hjck. A43., The deavi s L:
12, dor Erro B AT o gy i hacey
A thi ck.

200 A thick. :

68. The structure as in claim 55, further comprising a voltage source that

applies said negative pulse to said electrodes.

69. A processor-based system, comprising:

a processor; and,

a memory circuit connected to said processor, at least one of said
procéssor and said memory circuit including a constant current device

comprising:
at least one chalcogenide glass layer; and,

at least one metal-containing layer, said device being set to operate in

a constant current mode by an applied first voltage across said layers
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44. The device as in claim34, wherein said first and
second conductive |ayers conprise a conductive
woredoesmh7 such as, one or nore of tungsten, nPCKREE2004/007514
tantalum tantalumnitride, copper, alum num
platinum silver, or titaniumnitride. 45. The device
as in cl®iRroside ambsanralbacensisg shreat prirsa applisd ypitese
within the range from about -800 nV to about -2.0 V.
46. The wdagece as in claim45, wherein said negative
pulse is applied wthin a pulse duration range of
about 8 ns to about 30 ns. 47. The device as in claim
34, further conprising a second chal cogeni de gl ass
| ayer _proyi ded on said ne aI-contaLnin? | ayer. 35 WO
2004/ 81817 PR SIB SIHRGHS 1heraln stk lepst poe chalcogenide
claim47, wherein said second chal cogeni de gl ass | ayer
is a Ce.gl8sl1fRr ¥ 4 G¢de, haldyaghaviss obswhihiemttry ffoneabout
about (Gel8Se82 to about (Ge43Se57. 49. The device as
in clai 8 i i ¢. second chal cogeni de gl ass
| ayer hg%égﬁ%%g?%ﬁ#gﬁ%??g%ﬁf about Ge40Se60. 50. The
device as in claimd47, wherein said second
chal cogeni de glass |ayer is about 50 A to about 5001
thick. 51. The device as in claimb50, wherein said
secondlcHhkcpgeni den glaass’0, ndheesin issidaln deskt dHO ciialtdyenkde
52. The device as in claim49, wherein said second

chal co j ' ' i & bet ween said
960hd8, i !rr] gﬁf'a séo%f&&ghggirag b etede) e 0

met al - cont ai ayer an

72. The system as in claim 69, wherein said at least one chalcogenide

glass layer is about 150 A to about 400 A thick.

73. The system as in claim 72, wherein said at least one chalcogenide

glass layer is about 250 A thick.
74. The system as in claim 69, wherein a second chalcogenide glass layer
is provided on said metal-containing layer, said second chalcogenide

glass layer is about 50 A to about 500 A thick.

75. The system as in claim 74, wherein said second chalcogenide glass

layer is about 150 A thick.
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second conductive layer. 53. The device as in claim

34, wherein said device maintains a constant current
wo@r@r/osws1appl i ed voltage range of at | east 700PCTUS20841007514

The device as in claim34, further conprising a

vol tage source that applies said negative pulse to

said layers. 36 WO 2004/081617 PCT/ US2004/ 007514 55.

A constant current nmaintaining structure conpri sing:

at | ed6t Thasygenmami alins é% mildecig said sndtalyevrsrainavg hgersis a

stoichionetry from about Gel8Se82 to about (Ge43Se57,

mherm|1gﬁmﬂgggﬁdém5h@ernaniun} sel eni de gl ass | ayer

is approxi mately equal to or.greater than 50 A thick

at | east one netal -containing | ayer provided between

said at |east two germaniumselenide |ayers; two

el ectrodes a layer conprising silver provided between

sai d 7holerertemdesn clam ,69awglegféam said nmrhlseonghinatg lagasis a

-800 nV or greater in magnitude is applied across

sai d t wahelcegtigd eFcEastghiihSALd device to operate as

a constant current device. 56. The structure as in

clai m 55, wherein said at |east two germani um

sel eni de gl ass | ayers have a stoichionetry of about

Ge40Se60. 57. The structure as in claimb55, wherein

sai d 4% TBasystemass geelpam/dnwhswlie siid ehyrogmidalagesis aclected

about |ess than 500 A thick. 58. The structure as in

cl ai m 53ronMiké gidups@imdisfiBE df SR TENghd pyer is a

79. The system as in claim 69, wherein said metal-containing layer is

about 200 A to about 2000 A thick.

80. The system as in claim 79, wherein said metal-containing layer is

about 600 A thick.

81. The system as in claim 69, wherein said applied first voltage is a more

negative pulse greater than an erase potential of said device.

82. The system as in claim 81, wherein said negative pulse is applied

within the range from about —-800 mV to about —2.0 V.
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silver-selenide layer. 37 WD 2004/081617

PCT/ US2004/ 007514 59. The structure as in clai m55,
wob@reswisai d netal -containing layer is a chaPcpyswoder7514

| ayer containing Ag. 60. The structure as in claim 59,

wher e| i d chal cogeni.de_l ayer s el ect ed rom-t

gr oup cOn SO 8% %d:lal%l 8% ‘thfﬁm S&Hﬁn%ﬂvefu S?H%aPP
structure as in cIa|m55 wherei n said

met al - comithima pylsk alyeatiansrangb ofitb@O08 As to abbetd0 2000 A
thick. 62. The structure as in claimb55, wherein said
nmetal -containing |layer is about 600 A thick. 63. The
structure as in claimb55, wherein said two el ectrodes

conprl e conductiye erj al. se ted from.a group
such as, the SYR Ty 8 X%lmnguﬁﬁl%et”élﬁ aﬁfﬁ%’é‘ic MAIRLAIRG § Fpnstant
tantalumnitride, copper, alum num platinum silver,

or titanfuemniaver de applied WHegs rangst off 2 lewst 700 ciéi m 55,
wherein said at | east one germani um sel enide gl ass

| ayer is about 150 A to about 400 A thick. 38 WD

2004/ 081617 PCT/ Us2004/ 007514 65. The structure as in

claim 5, rein sal i ntains a cpnst ant

curr ent (:)I\‘/h\g:s OB g éég} &'g‘gtga T SHgRIYPS At ﬁ?%a%‘i‘: epgsrode
nVv. 66. The structure as in claimb55, wherein said
silver mybavplsf,a%@pq@mm- mately about 500 A thick or

| ess.

86. A method of resetting the constant current value in a constant

current device, said method comprising:

applying a voltage more negative than a negative threshold voltage to

said device.
87. The method as in claim 86, wherein said applied negative voltage is
at a voltage slightly more negative than the upper voltage limit range

for said existing constant current of said device.

88. The method as in claim 87, wherein said applied negative voltage is

the breakdown voltage.
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67. The structure as in claim®66, wherein said silver
| ayer is approximately 200 A thick. ~ 68. The

W@ 20mosI2 as in claimb55, further conprising BCWUB108g@7514
source that applies said negative pulse to said

el ectyodes. 69. rocessor - hased system conprj sing:
a pr eg'i@&ﬁ @Cg‘?fdfasgn @,y%eggpts Prsakdygn ¥ %ft% 1§
processor, at |east one of said processor and said
menory eppledi withinctha cthmgy GomabeanrB800 Y eotabdevi-2.6 V.
conprising: at |east one chal cogeni de gl ass | ayer;

and, at |east one netal -containing | ayer, said device
being set to operate in a constant current node by an
appl ied first vo|tage,across said |layers 39 WO |
DI T P AT G RO THerti6 spRbArRians cumtent imit of
substantially constant current over an applied voltage
range. ¥ad d¥hiee syssemragisiditachaimoréacgaer ei n sai d at

| east one chal cogenide glass layer is a Ge,, Sel00_,,

| ayer having a stoichionetry from about (Ge18Se82 to
about (Ge43Se57. 71. The systemas in claim70, wherein

sai d gt J,east .ong chal co ide .glass | r has, a .

St of i OHEE TyHBR 30 e e edpe 3 ek Een Bkt i
claim 69, wherein said at |east one chal cogenide

gl ass | aymiediwithipoupuldsduration ramgauef ARt 8t kabout 30 ns.

92. A method for converting a memory device into a constant current

device, said method comprising:

applying a negative voltage greater than an erase potential of said
memory device, said negative voltage is applied within the range of
about —800 mV to about 2.0 V, wherein said memory device

converts into a constant current device.
93. A method as in claim 92, wherein said constant current device

maintains a constant current over an applied voltage range of at least

700 mV.
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73. The systemas in claim72, wherein said at |east
one chal cogenide glass layer is about 250 A thick.

w(q 2004/081B5ystem as in claim69, wherein a secoPdI/US2004/007514
chal cogeni de glass | ayer is provided on said
nmet al ; nta|n| y secon chal.cogeni de
gl ass ‘Faéeffl Pollsiit B S pheins st soentiraes Fapphcd
systemas in claim74, wherein said second
chal cogeritide aghd@sduﬂaaymrangc aftabout 856 ta aboucB0 0 WO
2004/ 081617 PCT/ US2004/ 007514 76. The system as in

claim69, wherein said netal-containing |ayer is a
silver-sel enide | ayer. 77 The systemas in claim69,

wher ej aid t al. IS a hal cogeni de
I ayerbgo%t’%‘f%nﬁgasﬁbc a‘f’é Ti‘ﬁ"é1 %/aéﬂwr%%mf’ﬂ’ fVigerReptpanently
wher ei n sai d chal cogeni de Iayer is selected fromthe
group cGABYELS ingp efcogstay, cudesnt Teyicand Po. 79. The
systemas in claim69, wherein said netal -containing

| ayer is about 200 A to about 2000 A thick. 80. The
systemas in claim79, wherein said netal-containing

| ayerqgk S, .about 0O Athic st em,

cl ai mf %QA %btgl di9 2 %%ﬁ“&gg‘pﬁﬂlﬁs’éﬁ%ﬂl&fgﬁlt @%’I‘ Caffd |n§etgoﬂor e
negative pul se greater than an erase potential of said
devi ce. C8PIFTHE: system as in claim8l, wherein said
negative pulse is applied wthin the range fron1about
-800 nV to about -2.0 V.

forming at least one chalcogenide glass layer;
forming at least one metal-containing layer; and,
applying a first negative voltage across said layers to provide a

substantially constant current over an applied voltage range.
97. A method as in claim 96, wherein said at least one chalcogenide glass
layer is a Ge,Seyq , layer having a stoichiometry from about Ge Se,,

to about Ge,,Se,,.

98. A method as in claim 97, wherein said at least one chalcogenide glass

layer has a stoichiometry of about Ge,,Se,.
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41 WO 2004/ 081617 PCT/ US2004/ 007514 83. The system as

in claim82, wherein said negative pulse is applied
wowaohiosiea7 pul se duration range of about 8 ns tRCHDS2004/007514

30 ns. 84. The systemas in claim®69, wherein said

Vol 1 a9 Peigiothasde RURSTo. Pt sofgt FREORS SO eEderglas

claim69, further conprising at | east one el ectrode
and a vdhyageasourlcd. Age absurtdhddhidk. r eset ting t he
constant current value in a constant current device,
sai d nethod conprising: applying a voltage nore
negati ve than a negative threshold voltage to said
devi c 87., The, net hod .as aim 86 erein sajd |
appl | S0nedhTa0d &1 ogar 29, heh g aprsiangiplsogenide
nore negative than the upper voltage limt range for
said eX|Q@%h@wC6ﬁ©Dan25@dfﬂédL of said device. 88. The
method as in claim87, wherein said applied negative
voltage is the breakdown voltage. 42 WO 2004/ 081617
PCT/USZOO4/OO7514 89. The nethod as in cl ai m 88,

Fange PFom MBBHEOS 808 SH 0o *Rgrgns Tophinpisciond

met hod as in claim86, wherein said constant current
linit ofchasapenideglaselayer orsuid mutalrerinsadintgplaper, sd eccond
negati ve.

chalcogenide glass layer is about 50 A to about 500 A thick.

102. A method as in claim 101, wherein said second chalcogenide glass

layer is about 150 A thick.

103. A method as in claim 96, wherein said metal-containing layer is a

silver-selenide layer.

104. A method as in claim 96, wherein said metal-containing layer is a

chalcogenide layer containing Ag.

105. A method as in claim 104, wherein said chalcogenide layer is

selected from the group consisting of O, S, Se, Te, and Po.
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91. The nethod as in claim89, wherein said breakdown
voltage is applied within a pulse duration range of
W@b@uns®1ins to about 30 ns. 92. A nethod for PCT/US2004/007514
converting a nenory device into a constant current
devi ce, said nethod conprising: applying a negativ?
vol t affé6.gr demethadasrin sitiay 3o vhsseiareidaney-centagping layer is
menory device, said negative voltage is applied within
t he rangBotf 20@B0etaboB@Q00V A ehigthout -2.0 V, wherein
said nmenory device converts into a constant current
device. 93. A nethod as in claim92, wherein said
constant current device nmaintains a constant current
over an_applied voltage range of at least 700 nV. 43
WO 20007.08 Femptimcasuinabom B stercio saidangal figatagung fayer is
claim 87, wherein said negative voltage is applied
wi t hi n abput 680 duthédld. on range of about 8 ns to about
30 ns. 95. A nmethod as in claim87, wherein said
menory device permanently converts into a constant
current device. 96. A nethod of form ng a constant
current device, said nethod conprising: fornng at )
| east 1@&fre éhmne %ﬁlagfagma%% ﬁl@rggrf compgiing AgP YN eaggative
one netal -containing |ayer; and, applying a first :
negat i veoltagd ggetcachassn sascpobayensoffaiddovdede a
substantially constant current over an applied voltage
range.

109. A method as in claim 108, wherein said negative voltage is

applied within the range from about ~800 mV to about -2.0 V.

110. A method as in claim 109, wherein said negative voltage is applied

within a pulse duration range of about 8 ns to about 30 ns.

111. A method as in claim 96, wherein said device maintains a constant

current over an applied voltage range of at least 700 mV.

112. A method as in claim 96, further comprising at least one electrode

and a voltage source from which said negative voltage is applied to.
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97. A nethod as in claim96, wherein said at | east one
chal cogeni de glass layer is a Ge,, Sel00_A | ayer
whawisnglea7 st oi chi onetry from about Gel8Se82 tRCHDSWD4/007514
Ge438e57 98. A nethod as in clain197 wherein said at
Ieast e chalc | ass | ayer has a
st oi cHi t?igat%%? FOSEHE AN FUAEN DI Q@A said
PCT/USZOO4/OO7514 99. A nmethod as in claim96,
wher ei n sgthbdtothpdshgone chal cogenide glass layer is
about 150 A to about 400 A thick. 100. A nethod as in
claim99, wherein said at | east one chal cogeni de
gl ass layer is about 250 A thick. 101. A nethod as in

| ai f h f d
chal cogmningd cet R Rand R caBHHE de B o mi ng

| ayer, said second chal cogenide glass |ayer is about
50 A formipgu msol contaiiek laytobetwhenmaidditstamd secehdi m
101, wherein said second chal cogenide glass |ayer is

about 15¢hafvdglhfede. glds9Biyeh; M4 hod as in claim 96,

wherein said netal-contalnlng Iayer is a

silver eni de | ayer hod as in cl 96, . .
wher elaﬁl§ 1g’algda Hetdfve ¢ 81’??%61 gﬁeﬁtﬁr Iﬂi%}’e?n F@S%PO@HHSC%]@M dice,
| ayer containing Ag. 105. A method as in claim 104,

wher ei n Wh¢ginctid dogempprsateajeconsantsaeat etbder om t he
group consisting of 0, S, Se, Te, and Po. 45

114. A method as in claim 113, wherein said first and second
chalcogenide glass layers is a Ge,Se, 0., layer having a stoichiometry

from about GeSeg, to about Ge,,Se..

115. A method as in claim 114, wherein said chalcogenide glass layers

have a stoichiometry of about Ge,Se,.

116. A method as in claim 113, wherein said first chalcogenide glass

layer is about 150 A to about 400 A thick.

117. A method as in claim 116, wherein said first chalcogenide glass

layer is about 250 A thick.
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WO 2004/ 081617 PCT/ US2004/ 007514 106. A nethod as in

claim96, wherein said netal-containing |ayer is about
wWQO@4m81t607 about 2000 A thick. 107. A nethod asP¢TUSica4/mn7514

106, wherein said netal-containing layer is about 600

A thic 108. A nmethod as i.p,claim. 96, further .
conpr | i;llgng ‘gr%?tg?lgﬁgas & ﬁ%ﬁgtﬁé e‘.”%\‘}’fﬂ”f sid S@‘rqé’gt Cé‘raktoﬁﬁwfle glass
an erase potential of said device. 109. A nethod as in

cl ai m 10&yenisabsith 58 o pleejett30Avbickage is  appl i ed
within the range from about -800 nV to about -2.0 V.

110. A nethod as in claim 109, wherein said negative
voltage is applied wthin a pulse duration range of

about S oyt 30 ns. 1.,A nmethod as .in claim

56, it A Bl e PRt it arhe < wp e Deioremte lass
over an applied vo!tagg range of at [east 700 nV. 112

A net hodlaxsr ismbeual pf gethi¢kur t her conprising at | east

one el ectrode and a voltage source fromwhich said
negative voltage is applied to. 46 WO 2004/081617

PCT/ US2004/ 007514 113. A nethod of form ng a constant

currentsysou [ al net hod comprising: . . .
Form ng G Pl s¥ B 3B R cRar Shy BT B3 Biainiapdpyer i
formng a netal -containing |ayer between said first

and secoﬂbm“éﬂﬁﬂﬁ@éﬁﬁﬁde gl ass |l ayers; and, applying a
negati ve voltage greater than an erase potential of

sai d device,

121. A method as in claim 113, wherein said metal-containing layer is a

chalcogenide layer containing Ag.

122. A method as in claim 121, wherein said chalcogenide layer is

selected from the group consisting of O, S, Se, Te, and Po.

123. A method as in claim 113, wherein said metal-containing layer is

about 200 A to about 2000 A thick.

124. A method as in claim 123, wherein said metal-containing layer is

about 600 A thick.
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wherei n said device operates in constant current node.

114. A nethod as in claim 113, wherein said first and
wa@emanglicizhal cogeni de gl ass |ayers is a GeXSelPOI/KS2004/007514

| ayer having a stoichionetry from about Ge18Se82 to

about (Ge43Se57. 115. A nethod as_in claim 114, wherein |,

sai d dH& cayanitued gt Bsdaipy| b3 furthsy eompLsigE ARPLHE # Pegative

of about Ge40Se60. 116. A nmethod as in claim113,

wher ei n palisél whihiis thechake dgen abeutgh8EsmV aysbouts a0tV

150 A to about 400 A thick. 117. A nethod as in claim

116, wherej ' i.rst chal cogenide glass |ayer is

about 25%§k&f%?%%y&ﬁ7 WO 2004/ 081617 PCT/ US2004/ 007514

118. A nethod as in claim 113, wherein said second

chal cogeni de glass |ayer is about 50 A to about 500 A

thick. 119. A nethod as in claim 118, wherein said

second2chal X agehodes gl dsim 125ywehercin abntgathO phlsehs applied

120. A nethod as in claim 113, wherein said

metal -co ki ] [ - ' .

T210 A e Bs: AiEfudrbrafgs SLMGC SR Enue VAL

netal -containing layer is a chal cogenide | ayer

containing Ag. 122. A nethod as in claim121, wherein

sai d chal cogenide layer is selected fromthe group

consi dt27ng Hotnddho®as Beclaifre ] 1 3nwthdrein shkRBdevicameiahmainas

in claim113, wherein said netal-containing |ayer is

constant current over an applied voltage range of at least 700 mV.

128. A method as in claim 113, further comprising providing at least
one electrode and a voltage source from which said negative pulse is

applied to.

129. A method of forming a constant current device, said method

comprising:

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

forming a second conductive layer over said metal-containing layer;
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about 200 A to about 2000 A thick. 124. A nethod as in
claim 123, wherein said netal -containing |layer is
wW@baunsBdD A thick. 48 WD 2004/ 081617 PCT/ US20pdY/082084/d07514

125. A nethod as in claim 113, further conprising

appl ying a negative pulse within the range from about
"800 my formaksa silvor bYer previdisd Pshyeen s RSt a9 gecond

nmet hod as in claim 125, wherein said negative pulse is
applied conthidvedapdth;a@ddur ati on range of about 8 ns

to about 30 ns. 127. A nmethod as in claim113, wherein

sai d devi j ' . : :
3PPl i ed vBPPA" PERiLedpIaRePLEBleElhEt d Mghi@ acros said
method as,in claim 113, further conprising, providing

at | east 5HeANG| €EPRGARNHHIYS 1%Y6¥5tféb‘é‘ngéi’1‘265"fcteéﬁ1 Apriats in
said negative pulse is applied to. 129. A nethod of
form ng aonsenat anrertunodant devi ce, said net hod

conprising: formng a first conductive layer; formng

a chal cogeni de gl ass | ayer over said first conductive

| ayer; formng a netal-containing |ayer over said

chal c nide glass layer; _farmng.a second conductive .
| ayer 130er Kareitpdrai cim 428 %ﬁ %%%45 alGogipide ghass yer i
2004/ 081617 PCT/ US2004/ 007514 V

a Ge,Se; ., layer having a stoichiometry from about Ge, Seg, to about

Ge,,Se.,.

131. A method as in claim 130, wherein said chalcogenide glass layer

has a stoichiometry of about Ge,,Se,.

132. A method as in claim 130, wherein said chalcogenide glass layer is

about 150 A to about 400 A thick.

133. A method as in claim 132, wherein said chalcogenide glass layer is

about 250 A thick.

134. A method as in claim 129, wherein said metal-containing layer is a

silver-selenide layer.
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formng a silver |ayer provided between said first and

second conductive |layers; and, applying a negative
waoolonagw1df a predeterm ned magni t ude across sBETUS2004/007514

first and second conductive | ayers causi ng said device

to operate in constant current node. 130. A nethod as .

in cl di3h 129maghed as in dainyl2havkesinaifbmgravontaigiag layer is a

a CGe. Sel00 _a layer having a stoichionetry from about

Gel8Se82clidicaaide lafa4dbebingld. A nmethod as in claim

130, wherein said chal cogenide glass |ayer has a

stoichionetry of about Ge40Se60 132. A nethod as in

cl ai m 130, wherein said chal cogenide glass |ayer is

about 150 A to about 400 A thick, 133, A nethod as in

cl ai m1B$2, Avmsiteodasi daighhpeogestiesayl gidcagspide lager 15

about 250 A thick. 134. A nmethod as in claim129,

wher ei n sd¢ddedrrbal thirogroap rongstimy ef Oi S, 8¢, Te, and Po.

silver-selenide layer. 50 WD 2004/081617

PCT/ US2004/ 007514 135. A nethod as in claim 129,

wherein said netal -containing layer is a chal cogenide

| ayer contajning Ag..136. A nethod as, in claim 135, .
wher eil?/s aitti Mk ¢ ayEvclae F%%ae\wﬂ%m S@Q et gongapngayer is
group consisting of 0, S, Se, Te, and Po. 137. A

met hod asboéutr 200afno hPOnt 200 di thikai d net al - cont ai ni ng

| ayer is ‘

138. A method as in claim 137, wherein said metal-containing layer is

about 600 A thick.

139. A method as in claim 129, wherein said first and second
conductive layer comprises a conductive material such as, one or more
of tungsten, nickel, tantalum, tantalum nitride, copper, aluminum,

platinum, silver, or titanium nitride.

140. A method as in claim 129, further comprising applying a negative

voltage within the range from about -800 mV to about -2.0V.

141. A method as in claim 140, wherein said negative voltage is applied

within a pulse duration range of about 8 ns to about 30 ns.
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about 200 A to about 2000 A thick. 138. A nethod as in

claim 137, wherein said netal -containing |layer is
wabounssdD A thick. 139. A nmethod as in clai mRBCRUS2004/007514

wherein said first and second conductive |ayer

conprises a conductive material such as, one or nore

of tungsten, nickel, tantalum tantalumnitride,

copper, alumnum platinum silver, or titanium

nitride2. 140methdbiiactldm 120 dhethst datfprifitg thefing a second

conprising applying a negative voltage within the

range fr to about -2.0 V. 141. A
nmet hod as |n% deéﬁgg Wher ei n sai d negati ve vol t age

is applied within a pulse duration range of about 8 ns
to about 30 ns. 51 WO 2004/081617 PCT/ US2004/ 007514
142. A nethod as in claim 129, further conprising

form ng3a degarestbd ehial ddgehd2levigdra@ssaldageeond thdcogenide glass
met hod as in claim142, wherein said second

chal coge I [

havi ng aﬂg%ﬁls gr?%ﬁ%f% E g hmﬁg ] 5?0182 %é%qgr&?%ﬁ{a 56 lﬁchesz
Ge43Se57. A nethod as in claim 143, wherein said
second cﬁé? éﬁ?&@mglass | ayer has a stoichionetry

of about (Ge40Se60 145. A nethod as in claim 142,

wherein said second chal cogeni de glass |ayer is about
50 A to about 500 A thick. 146. A nethod as in claim

145, wher ei pRahsh seeidnt e ,C\QIQ&Qi.ndsgicgéeeéﬁd chalcogenide glass

layer has a stoichiometry of about Ge,Seq,.

145. A method as in claim 142, wherein said second chalcogenide glass

layer is about 50 A to about 500 A thick.

146. A method as in claim 145, wherein said second chalcogenide glass

layer is about 150 A thick.

147. A method as in claim 142, wherein said second chalcogenide glass
layer is provided in between said metal-containing layer and said

second conductive layer.
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| ayer is about 150 A thick. 147. A nmethod as in claim

142, wherein said second chal cogeni de glass Ilayer is
w@e@nvoghsd? i n bet ween sai d netal -containi ng | ayPCT/E82904/007514

said second conductive layer. 52 WO 2004/ 081617

PCT/ US2004/ 007514 148. A nethod as in claim 129,

wher eil #8s aifdmegdpdess inglaimaliZ%s vehesepseidiievicg mpaptagidr

an applied voltage range of at least 700 nmV. 149. A

met hod asnisfn€ b@irdad@R: ahWpphet veleperasgaef & lvak 780enV.

source in which said negative voltage is applied

from 150. A nmethod of altering the constant current

value in a constant current device, said nethod

conprising: applying a negative voltage nore negative

than &4Regdt methadasdsikiim 13fb Member mRESRE yagltags source in

wherein said act of applying said nore negative

vol t age whichesididigagd sdltapg icapdicdritoraurrent limt of

sai d device. 151. A nethod as in claim 150, further

conprises applying a voltage slightly nore negative

than the upper voltage Iimt range for said existing

constant current jn_said device. 152. A nethod as in

cl ai m281, Anmethadrofsalicging B ceBstARGEITRE Volie iR ge&ongtant

t he breakdown vol tage. 53 WD 2004/081617

PCT/ US2064+0Q deltide, shiBmethobtdmprissg:i n cl ai m 152,

further conprising applying a

applying a negative voltage more negative than a negative threshold
voltage of said device, wherein said act of applying said more negative

voltage raises the existing constant current limit of said device.
151. A method as in claim 150, further comprises applying a voltage
slightly more negative than the upper voltage limit range for said

existing constant current in said device.

152. A method as in claim 151, wherein said applied negative voltage is

the breakdown voltage.
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breakdown voltage within the range of about -800 nV to
about - 2.0 V. 154. A nethod as in claim153, wherein

W@ 200d/okrsenkdown voltage is applied within a pRdBES2004/007514
duration range of about 8 ns to about 30 ns. 155. A
met hod of permanently converting a chal cogeni de nenory
devi cd5Bnt cAanethad esedlaide 168nbtther comprising appliies 2
said nmethod conprising: applying a negative potentia
to sai d phakd®geRbEgdWwRitRinythdeyhEeof dbfut -BO0 MYV @o about -
negati ve than the erase potential of said device. 156.
A msthod2 svin cl ai m 155, further conprising applying
a negative potential within the range from about -800
nv to about -2.0 V. 157. The nethod as in cl ai m 156,
wherei n said negative potential is applied within a
pul se duration range of about 8 ns to about 30 ns.
158. Asaet Bogheisod # i@l ddim 155, windteihaiaidl s@hldown voltage is
chal cogeni de nmenory device permanently converts into

ST S BASARIR BB B SIS g0

constant current value in a constant current device,
said method conprising: applying a positive potentia
to said constant current device. 160. A nmethod as in
cl ai m1539, Avirtieddofpdrthasicatly obnapphy hrbalaogpaddé nwenory
potenti al decreases the constant current value of said

devi ce. &g&:e iﬁtfg tﬁpﬂgo Qéni&é" A0 LBRnf 89@!:@} WhidGHE AL

val ue in cons

comprising:

applying a negative potential to said chalcogenide memory device that

is more negative than the erase potential of said device.

156. A method as in claim 155, further comprising applying a negative

potential within the range from about -800 mV to about -2.0V.

157. The method as in claim 156, wherein said negative potential is

applied within a pulse duration range of about 8 ns to about 30 ns.

158. A method as in claim 155, wherein said chalcogenide memory

device permanently converts into a constant current device.
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current device, said nmethod conprising: applying a
positive voltage to said device, wherein said positive
waooloragwitecr eases the constant current | evel POI/DEON®7514
a nore positive constant current |level. 162. A nethod
for utilizing a constant current device as an anal og

menory device, said nmethod conprising: applying at

| east one positive voltage to said constant current
devi cel5%hek ehdthsdiofl chindieasic anstqmsitrenevalod irageonstant
creates at |east one constant current value; 55 WO
2004/081@&&GBQ£RH§2QRéB?QK§&%o§&i_ i,ng said at |east
one constant current value; and*savifng said at | east
one constant current value. 163. A nethod as in claim
162, wherein said saving at | east one constant
current val ue corresponds to a nenory state. 164. A
met hod as iappbliag mpd&ifiye potdnhial tocanpeomsitay ce@ni dgvice.
said at | east one constant current value as a nenory
state for said device. 165. A nethod for using a
constant current device as an anal og nenory device,

said od, conpri si ng:, readjing, at.least one constant .
curr eﬁfé({;m%g] od 35 Bl L gﬁt%h%r&m stqe W @gplying a positive
storing said at | east one constant current val ue of

sai d devpotntiallereaises dai nsitant eas¢ntonbicoairaidaddvice.
current val ue corresponds to

161. A method of changing the constant current value in a constant

current device, said method comprising;:

applying a positive voltage to said device, wherein said positive
voltage decreases the constant current level to become a more positive

constant current level,

162. A method for utilizing a constant current device as an analog

memory device, said method comprising;:

applying at least one positive voltage to said constant current
device, wherein said at least one positive voltage creates at least

one constant current value;
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a menory state of said device. 166. A nethod as in
claim 165, further conprising applying a plurality of
wo eaaswd’ pul ses of simlar or |ess anplitudespPCTas2004/007514
corresponds to different constant current val ues of
sai d device, wherein said different 56 W) 2004/081617
PCT/ US2004/08¥8g 42id e hesstapne eanskancupghueduegfanga) d
device are read and stored as different nenory states
for said deuiiag-saillGt et oBd bQxbras cufreit filoe.166,
wherein said step of applying a plurality of repeated
pul ses results in an anal og assortnent of states for
said device. 168. A nethod for increasing the
anpl i tude of a constant current device' s constant
cur r enk63/aly&ncthod as wetltipy 1 €dnphersimigid sayg afilpagt gne
negati ve potential to said constant current device.
169. A nebdieshtasiricit ¢dlat avk6hondses einlerfatyktappl i ed
negative voltage is nore negative than the negative
threshold voltage of said device. 170. A nethod as in
cl aim 168, wherein repeated pulses of simlar or |ess
anpl i tude of sajd_applied negative potential is .
appl i df% o fgmqﬂm@ ayincdaifh b &HRirhGE EHBPIISIRE SEYEIgHIG Aeleast
anplitude of said device's constant current val ue.
171. A mehbodnasnt cureindivahid G8a ndRoSi stats dodsadp deviad
negati ve voltage induces a nore negative constant
current value in said device. 57

165. A method for using a constant current device as an analog

memory device, said method comprising:

reading at least one constant current value of said constant
current device;

storing said at least one constant current value of said device,
wherein said at least one constant current value corresponds to

a memory state of said device.
166. A method as in claim 165, further comprising applying a plurality

of repeated pulses of similar or less amplitudes that corresponds to

different constant current values of said device, wherein said different
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WD 2004/ 081617 PCT/ US2004/ 007514 172. A nmethod for

decreasing the anplitude of a constant current
wa@lewis0g16$7 const ant current val ue, said nmet hod PCT/US2004/007514

conprising: applying a positive potential to said

constant current device. 173. A nmethod as in claim

172, wheewistantepuancnlpes ofssidgdevigersice sgadmnd gteued as different

anpl i tude of said applied positive potential is

appl i ed ﬁ@nﬁﬁydmﬂgqgfgﬁiabﬁf@by further decreasing the

anplitude of said device's constant current val ue.

174. A nethod as in claim 172, wherein said applied

positive voltage induces a nore positive constant

current value in said device, 175. A nethod as in ,

cl ai mlB72, Avmstodasia duimphté.euhqreis; seid/ser of appjeingq plurality

nore positive than a negative threshold voltage of

sai d devbfrpedté8 pulcsiBishiedinoin f10i6g AGoAnMN S sfates for said

current state for a constant current device, said

met hod cggg&gsing: 58 WD 2004/ 081617 PCT/ US2004/ 007514

applying a negative potential to said device, wherein

said negative potential is nore negative than the

negative threshold voltage of said device; and

applying a positive potential to said device, wherein

sai d [A&Ss.t A eethed Gitihakadisg oy anplsideiofa dohstant berent

negati ve threshol d voltage of said device, 177. A

met hod ag?{h@ea&L&&s@l&%ﬁrreﬂ@%[lﬁé,%a{c@ﬁ@a{o%ﬁco%mg;of

simlar
applying a negative potential to said constant current device.

169. A method as in claim 168, wherein said applied negative voltage is

more negative than the negative threshold voltage of said device.

170. A method as in claim 168, wherein repeated pulses of similar or
less amplitude of said applied negative potential is applied to said
device thereby further increasing the amplitude of said device’s

constant current value.

171. A method as in claim 168, wherein said applied negative voltage

induces a more negative constant current value in said device.
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| ess anplitude of said applied negative potential is
applied to said device to increase the anplitude of

W@ a00d/0glevl ce' s constant current value. 178. Ap@EUkmA4/007514
as in claim176, wherein repeated pul ses of simlar or
| ess anplitude of said applied positive potential is
applied to said device to. decrease the anplitude of
sai d device's constant current value. 179. A nethod

as i n1gkai M héthodhgiRtrRasag ths ilﬁ?hﬂidcaj‘fpd don@nacurrent
positive and negative potential fornms a constant

current cgévzilc% {%q{stﬁl?lcgrrg&v%‘ﬁ?c sau etlf%gﬁtng;?r%}r?%gi n

claim17 nprising’rea
said applied positive and negative potentials to form
an anal og assortnent of states for said device. 59

applying a positive potential to said constant current device.

173. A method as in claim 172, wherein repeated pulses of similar or
less amplitude of said applied positive potential is applied to said
device thereby further decreasing the amplitude of said device’s

constant current value.

174. A method as in claim 172, wherein said applied positive voltage

induces a more positive constant current value in said device.

175. A method as in claim 172, wherein said applied positive voltage is

more positive than a negative threshold voltage of said device.

176. A method of forming a constant current state for a constant

current device, said method comprising:
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applying a negative potential to said device, wherein said negative
potential is more negative than the negative threshold voltage of
said device; and

applying a positive potential to said device, wherein said positive
potential is more positive than the negative threshold voltage of

said device,

177. A method as in claim 176, wherein repeated pulses of similar or
less amplitude of said applied negative potential is applied to said
device to increase the amplitude of said device’s constant current
value.

178. A method as in claim 176, wherein repeated pulses of similar or
less amplitude of said applied positive potential is applied to said
device to.decrease the amplitude of said device’s constant current

value.

179. A method as in claim 176, wherein said step of applying a positive

and negative potential forms a constant current state for said device.

180. A method as in claim 179, further comprising reading and storing
said applied positive and negative potentials to form an analog

assortment of states for said device.
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