WO 2005/101539 PCT/US2005/009957 LAYERED RESISTANCE
VARIABLE MEMORY DEVICE AND METHOD OF FABRICATION [0001]
This application is a continuation-in-part of U.S. Patent Application No.
WO/3"851853%iled April 12, 2002, which is a continuation of U B;TR&2e6/009957
Application No. 10/077,867 filed February 2, 2002, the contents of both
being incorporated herein by reference. FIELD OF THE INVENTION

[0002] The invention relates to the field of random access memory (RAM)
devices formed. using a resistance variable material. BACKGROUND
[0003] Recently resistance variable memory elements, which include
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by applying a voltage potential across the chalcogenide material. [0004]
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indefinite period, typically ranging from hours to weeks, after the voltage
potentials are removed. The PCRAM device can be returned to its higher
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[0003] Recently resistance variable memory elements, which include
Programmable Conductive Random Access Memory (PCRAM) elerﬁents, have been
investigated for suitability as semi-volatile and non-volatile random access memory
devices. A typical PCRAM device is disclosed in U.S. Patent No. 6,348,365 to
Moore and Gilton. In typical PCRAM devices, conductive material, such as silver, is
incorporated into a chalcogenide material. The resistance of the chalcogenide
material can be programmed to stable higher resistance and lower resistance states.
The unprogrammed PCRAM device is normally in a high resistance state. A write
operation programs the PCRAM device to a lower resistance state by applying a

voltage potential across the chalcogenide material.

[0004] The programmed lower resistance state can remain-intact for an
indefinite period, typically ranging from hours to weeks, after the voltage potentials
are removed. The PCRAM device can be returned to its higher resistance state by
applying a reverse voltage potential of about the same order of magnitude as used to
write the element to the lower resistance state. Again, the higher resistance state is

maintained in a semi-volatile manner once the voltage potential is removed. In this
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as a resistance variable memory element having two resistance states,
which can define two logic states. [0006; A PCRAM device can
WRIHOIEE R chalcogenide glass comprising germanium seREHids 009957
Seroo-x). The germanium selenide glass may also incorporate silver (Ag)

or silver selenide (Ag2Se). [0006] The amorphous nature of the
chalcogenide glass material used in a PCRAM device has a direct

bearing on its programming characteristics. Thus, incorporation of silver
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glass to change from the desired amorphous state to a crystalline state.
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chalcogenide glass layer and die conductive adhesion layer. In another

e iment, the memory element may coptain layers of chalcogenide
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devices with improved memory characteristics.

BRIEF SUMMARY OF THE INVENTION
[0008] The invention provides a resistance variable memory element and a

method of forming a resistance variable memory element.

[0009] In one embodiment, the invention provides a memory element
having at least one layer of silver-selenide between a first chalcogenide glass layer and
a conductive adhesive layer. The conductive adhesive layer may also be a
chalcogenide glass layer. The stack of layers comprising a first chalcogenide glass
layer, a silver-selenide layer, and a second chalcogenide glass layer are formed
between two conductive layers or electrodes. In another embodiment of the
invention, the stack of layers may contain more than one silver-selenide l;ayer
between the chalcogenide glass layer and the conductive adhesion layer. In another
embodiment, the memory element may contain layers of chalcogenide glass, layers
of silver, and layers of silver-selenide, in various orders, between the electrodes. The
invention provides structures for PCRAM devices with improved memory

characteristics.
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THE DRAWINGS [0010] The above-discussed and other features and
advantages of die invention will be better understood from the following
WeeHifad WeXeription, which is provided in connection with th&@CT/US2005/009957
accompanying drawings. [0011] FIGS. 1-7 illustrate cross-sectional views

of a memory element fabricated in accordance with an embodiment of the
invention and at different stages of processing. [0012] FIG. 8 illustrates a
cross-sectional view of a memory element as shown in FIG. | at a stage

of processingSRbEEGIE it KADWRTh FHEE PRIGYINGS . 9 illustrates
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stage of processing subsequent to own G. 4.[0015] FIG. 11
illuigrates a cross-sectional view of a memory element in accordance with

an iment oFa¥e IneiSR0n 28y BaesiopaliNistness semory element
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embodiment of the invention. [0017] FIG. 13 illustrates a cross-sectional
‘iﬁ@ﬁ\?ﬁﬁs&?ﬁemory element in accordance with another embodiment of the
invention. [001.8] FIG. 14 illustrates a cross-sectional view of a memory

elgipene Jn accarianselwit-enathesshedinedlal ta nenion il
EIG. 15 %Jéjgs)tr tes a computer system having a memory element in
show i, AR SRRty céssing subsequent to that shown in FIG. 4.

[0013] FIG. 9 illustrates a cross-sectional view of a memory element in

accordance with an embodiment of the invention at a stage of processing subsequent

to that shown in FIG. 4.

[0014] FIG. 10 illustrates a cross-sectional view of a memory element in
accordance with an embodiment of the invention at a stage of processing subsequent

to that shown in FIG. 4.

[0015] FIG. 11 illustrates a cross-sectional view of a memory element in

accordance with an embodiment of the invention.

[0016] FIG. 12 illustrates a cross-sectional view of a memory element in

accordance with another embodiment of the invention.

[0017] FIG. 13 illustrates a cross-sectional view of a memory element in

accordance with another embodiment of the invention.

[0018] FIG. 14 illustrates a cross-sectional view of a memory element in

accordance with another embodiment of the invention.

[0019] FIG. 15 illustrates a computer system having a memory element in

accordance with the invention.



WO 2005/101539 PCT/US2005/009957 DETAILED DESCRIPTION OF
THE INVENTION [0020] In the following detailed description, reference is
made to various specific embodiments of the invention. These
EhHTHERts are described with sufficient detail to enable tRESA/SRMEA0HST
the art to practice the invention. It is 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. [0021] The term "substrate" used in the following
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process steps may have been utilized to form regions or junctions in or over the base
semiconductor or foundation. The substrate need not be semiconductor-based, but

may be any support structure suitable for supporting an integrated circuit.

[0022] 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 known in the semiconductor industry, as long as such silver alloy is
conductive, and as long as the physical and electrical properties of the silver remain

unchanged.

[0023] The term “silver-selenide™ is intended to include various species of
silver-selenide, including some species which have a slight excess or deficit of silver.
For example, silver-selenide species may be represented by the general formula Ag,
+/x5¢. Though not being limited by a particular stoichiometric ratio between Ag
and Se, devices of the present invention typically comprise an Ag, , ., Se species where

x ranges from about 1 to about 0.



X ranges from about 1 to about 0. 4 WO 2005/101539

PCT/US2005/009957 [0024] The term "semi-volatile memory" is intended
to include any memory device or element which is capable of maintaining
WO M&81Etate after power is removed from the device forP$SkiSIEF RIS
of time. Thus, semi-volatile memory devices are capable of retaining

stored data after the power source is disconnected. or removed.
Accordingly, the term "semi-volatile memory" is also intended to include

not only semi-volatile memory devices, but also non-volatile memory
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[0026] The term “resistance variable memory element” is intended to
include any memory element, including Programmable Conductor Random Access
Memory elements, which exhibit a resistance change in response to an applied

voltage.

[0027] The term “chalcogenide glass” is intended to include glasses that
comprise an element from group VIA (or group 16) of the periodic table. Group
VIA clements, also referred to as chalcogens, include sulfur (S), selenium (Se),

tellurium (Te), polonium (Po), and oxygen (O).

[0028] The invention will now be explained with reference to the figures,
which illustrate exemplary embodiments and where like reference numbers indicate
like features. FIG. 1 depicts a portion of an optional insulating layer 12 formed over
a semiconductor substrate 10, for example, a silicon substrate. It should be
understood that the memory elements of the invention can be formed over a variety
of substrate materials and not just semiconductor substrates such as silicon, as shown

above. For example, the optional insulating layer 12 may be formed on a ceramic or



of substrate materials and not just semiconductor substrates such as

silicon., as shown above. For example, the optional insulating laver 12

may be formed on a ceramic or 5 WO 2005/101539 PCT/US2005/009957
Bistrethaded substrate. The insulating layer 12 may be forR§8dUBHOe§n9957

known. deposition methods, such as sputtering by chemical vapor

deposition (CVD), plasma enhanced CVD (PECVD) or physical vapor

deposition (PVD). The insulating layer 12 may be formed of a

conventional insulating oxide, such as silicon oxide (SiO2), a silicon
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The fast chalcogenide glass layer 17 preferably has a thickness from

abei AP0 A to abeuti 10001 anddadnere Risierably ?99&&5&%%'/%0 2031
The formation of the first chalcogenide glass layer 17, having
clgicrfiohieltitotostpissicridroackrabiiveaddiietid invdntioreningyl Benay be
f@ﬁﬁgm%%% methods in the art, for example, by a conventional patterning and
etching process. A first chalcogenide glass layer 17 is next formed over the second

insulating layer 15, to fill in the opening 13, as shown in FIG. 3.

[0031] According to an embodiment of the invention, the first
chalcogenide glass layer 17 can be germanium-selenide glass having a Ge, Se, .,
stoichiometry. The preferred stoichiometric range is between about Ge,,Seg, to
about Ge,;Ses, and is more preferably about Gey,Seq,. The first chalcogenide glass
layer 17 preferably has a thickness from about 100 A to about 1000 A and is more
preferably about 150 A.

[0032] "The formation of the first chalcogenide glass layer 17, having a
stoichiometric composition in accordance with the invention, may be accomplished
by any suitable method. For instance, germanium-selenide glass can be formed by
evaporation, co-sputtering germanium and selenium in the appropriétc ratios,

sputtering using a germanium-selenide target having the desired stoichiometry, or



by any suitable method. For instance, germanium-selenide glass can be
formed by evaporation., co-sputtering germanium and selenium in the
appropriate ratios, sputtering using a germanium-selenide target having
Wﬁ?ezw gitEd stoichiomdety, or 6 WO 20051101539 PCT/USRS0%/5086/879957
chemical vapor deposition with stoichiometric amounts of GeE4 and Sell2
gases (or various compositions of these gases), which result in a
germanium-selenide film of the desired- stoichiometry, are examples of
methods which may be used. [0033] As shown in FIG. 4, metal containing
ksraicalvapay Bepdisetily vddposiddosrcthie smdacssoffihe firstoh&lddgenide (or
I : n t ini r17 has a .
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be used. Other processes such as’ chemical vap position,
laysrel/apothtiomerdepssiting bijayermiasibrigianabove a layer of silver to
form a silver-selenide layer can also be used. [0035] Preferably, the

thigkpess of theymetal containingiiaverelis L3FMR 26 sHghuibaha fatio of

the metal containing layer 18 to the first chalcogenide glass layer 17
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times™ greater than the thickness of the first chalcogenide glass’layer 17.
setgaid enckeyaprsepalpng arseratio isehisadaerfairouhs drdfarelabout Cohraining
layer 18, which is silver-selenide. For instance, physical vapor deposition techniques
such as evaporative deposition and sputtering may be used. Other processes such as
chemical vapor deposition, co-evaporation or depositing a layer of selenium above a

layer of silver to form a silver-selenide layer can also be used.

[0035] Preferably, the thickness of the metal containing layers 17, 18 can
be such that a ratio of the metal containing layer 18 to the first chalcogenide glass
layer 17 thicknesses is between about 5:1 and about 1:1. In other words, the
thickness of the metal containing layer 18 is between about 1 to about 5 times
greater than the thickness of the first chalcogenide glass layer 17. Even more

preferably, the ratio is between about 3.1:1 and about 2:1.

[0036] Referring now to FIG. 5, a second glass layer 20 can be formed
over the first metal containing layer 18. Where the metal containing layer is silver-
selenide, the second glass layer 20 allows deposition of silver above the silver-

selenide layer, while preventing agglomeration of silver on the surface of the silver-



[0036] Referring now to FIG. 5, a second glass layer 20 can be formed
over the first metal containing layer 18. Where the metal containing layer

is silver- selenide, the second glass layer 20 allows deposition of silver

WAV EHIver- sclenide layer, while preventing agglomerali6H B 28118p9957
on the surface of the silver- 7 WO 2005/101539 PCT/[? 52005/009957
selenide . The second glass layer 20 may prevent or regulate migration of
metal, such as silver, from an electrode 22 (FIG. 6) into the memory

element. [0037] The second glass layer 20 may also act as a silver
selpidion EBnESIORE elost lacadRasonEsysRrs i asBlas siBriigarrésrtial
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chalcogenide glasses. The second chalcogenide glass layer 20 may, but
need not, have the same stoichiometric composition as the first
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group 13-1.6 elements from the periodic table. [0038] The thickness of the
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[0038] The thickness of the layers 18, 20 are such that the metal
containing layer 18 thickness is greater than the thickness of the second glass layer
20. Preferably, a ratio of the metal containing layer 18 thickness to the second glass
layer 20 thickness is between about 5:1 and about 1:1. More preferably, the ratio of
the metal containing layer 18 thickness to the thickness of the second glass layer 20
is between about 3.3:1 and about 2:1. The second glass layer 20 preferably has a
thickness between about 100 A to about 1000 A and is more preferably about 150
A. The second glass layer 20 may be formed by any suitable method. For example,
chemical vapor deposition, evaporation, co-sputtering, or sputtering using a target

having the desired stoichiometry, may be used.

[0039] Referring now to FIG. 6, a second conductive electrode 22 is
formed over the second glass layer 20. The second conductive electrode 22 may
comprise any electrically conductive material, for example, tungsten, tantalum,

titanium, conductive nitrides, or other materials. Thus, advantageously, the second



chemical vapor deposition, evaporation, co-sputtering, or sputterh. g using
a target having the desired stoichiometry, may be used. [0039] Referring
now to FIG. 6, a second conductive electrode 22 is formed. over the

VER2BIY1415ES 1ayer 20. The second conductive electrode 22 ReayUS2005/009957
comprise any electrically conductive material, for example, tungsten,

tantalum, titanium, conductive nitrides, or other materials. Thus,
advantageously, the second 8 WO 2005/101539 PCT/US20051009957

glass layer 20 may be chosen to considerably slow or prevent migration of
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more additional insulating lavers 30°may be formed over the seco
H€etrode 22 and the second insulating layer 15 to isolate the resistance
variable memory element 100 from other structures fabricated over the
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electrically couple the resistance variable memory element to various
Hraatsbefermehiiy srease ool tienitadecrdandehritscomstiiesulating layer 15
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Processiay steyy- which results in the structure shown in FIG. 4. [0042]

The thickness of the metal containing layers 18, 19 is such that the total

thighnasg of thesg combiNed IANEI $nErle SUNAIRBISHIS ARUE SIS SR B he or

than or equal to the thickness of the first chalcogenide glass layer 17. The
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the total thickness of the combined meta
be used. As shown in FIG. 8, an optional second silver-selenide layer 19 may be

deposited on the first silver-selenide layer 18 subsequent to the processing step,

which results in the structure shown in FIG. 4.

[0042] The thickness of the metal containing layers 18, 19 is such that the
total thickness of these combined layers, e.g. silver-selenide layers, is greater than or
equal to the thickness of the first chalcogenide glass layer 17. The total thickness of
the combined metal containing layers 18, 19 is also greater than the thickness of a
second glass layer 20. It is preferred that the total thickness of the combined metal
containing layers 18, 19 is between about 1 to about 5 times greatcr‘ than the
thickness of the first chalcogenide glass layer 17 and accordingly between about 1 to
about 5 times greater than the thickness of the second glass layer 20. It is even more
preferred that the total thickness of the combined metal containing layers 18, 19 is
between about 2 to about 3.3 times greater than the thicknesses of the first

chalcogenide glass layer 17 and the second glass layer 20.



containing layers 18, 19 is between about 1 to about 5 times greater than
the thicknessof the first chalcogenide glass layer 17 and accordingly
between about 1 to about 5 times greater than the thickness of the
VR BPR{1BIAES Iayer 20. It is even more preferred that the tot&CHHEKHBEE08757
the combined metal containing layers 18, 19 is between about 2 to about
3.3 times greater than the thicknesses of the first chalcogenide glass

layer 17 and the second glass layer 20. 9 WO 2005/101539
PCT/US2005/009957 [0043] In accordance, with another embodiment of
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mbodlmentécgthe ntlon as, illustrated in FIG. 9, which shows a stage

@lbl&lé‘éﬁ ﬁls?gqggtgg?ﬁgm%z is between about 5:1 and about

[0044] Referring now to FIG. 7, in accordance with another embodiment
of the invention, one or more of the chalcogenide glass layers 17, 20 may also be

doped with a dopant, such as a metal, preferably silver.

[0045] In accordance with another embodiment of the invention as
illustrated in FIG. 9, which shows a stage of processing subsequent to that shown in
FIG. 4, the stack of layers formed between the first and second electrodes may
include alternating layers of chalcogenide glass 17, 117, 217, 317 and metal
containing layers 18, 118, 218. A desirable metal containing layer is silver-selenide.
As shown in FIG. 9, a first chalcogenide glass layer 17 is positioned over a first
clectrode 14, a first silver-selenide layer 18 is positioned over the first chalcogenide
glass layer 17, a second chalcogenide glass layer 117 is positioned over the first
silver-selenide layer 18, a second silver-selenide layer 118 is positioned over the

second chalcogenide glass layer 117, a third chalcogenide glass layer 217 is
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FIG. 4, the stack of layers formed between the first and second electrodes

may include alternating layers of chalcogenide glass 1.7, 117, 217, 317

and metal containing layers 18, 118, 218. A desirable metal containing

Y4 2P0¥ 14158 -selenide. As shown in FIG. 9, a first chalcogea@/Giagss /009957

layer 1.7 is positioned over a first electrode 14, a first silver-selenide layer

18 is positioned over the first chalcogenide glass layer 17, a second

chalcogenide glass layer 117 is positioned over the first silver-selenide

layer 18, a second silver-selenide layer 118 is positioned over die second
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la‘imrmgm@llﬁymslnﬁ& Ifrest- shbémg‘erﬂx& gh8; 23& and cehnigognidteptasge 14

17 17 are th e as described abov that th
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and oyt 1: ﬂ?ngle# er 18, 118, 218 to connected
éh cBgeniae Ligs]ais; ’Ig ?é 47,1 hs PIme T AfSFEre ety Balneshe
sibauicedide diyd:2:185iVes; KI8mMepreferably thicker than connecting
chalcogenide glass layers 17, 117,217, 317 in a ratio of between about 5:1 and
about 1:1 silver-selenide layer 18, 118, 218 to connected chalcogenide glass layer
17,117,217, 317, and more preferably between about 3.3:1 and 2:1 silver-selenide
layer 18, 118, 218 to connected chalcogenide glass layer 17, 117, 217, 317.

[0047] As shown in FIG. 10, in another embodiment of the invention,
one or more layers of a metal containing material 18, 418, such as silver-selenide,
may be deposited between the chalcogenide glass layers 17, 117. A plurality of
silver-selenide layers 18, 418 may be used. Thus, as shown in FIG. 10, at a
processing step subsequent to that shown in FIG. 4, an additional silver-selenide
layer 418 may be deposited on the first silver-selenide layer 18 and an additional

silver-selenide layer 518 may be deposited on the third silver-selenide layer 218,

[0048] In accordance with another embodiment of the invention, each of

the chalcogenide glass layers 17,117, 217, 317 shown in FIG. 10 may comprise a
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layer 18, 118, 218 to connected chalcogenide glass layer 17, 117, 217,
317.[0047] As shown in FIG. 10, in another embodiment of the invention,
one or more layers of a metal containing material 18, 418, such as
VERAPEEIERde, may be deposited between the chalcogenidBGiAEey/eqe957
17, 117. A plurality of silver-selemde layers 18, 418 may be used. Thus,

as shown in FIG. 10, at a processing step subsequent to that shown in

FIG. 4, an additional silver-selenide layer 418 may be deposited on the

first silver-selenide layer 18 and an additional silver-selenide layer 51.8
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glemries 4711 W 20081101539 PCT/US2005/009957 plurality of thinner
layers of a chalcogenide glass material, such as germanium- selenide.

Anppadiable numpbgs ahlayarsanhe eseatneemplise the.chalseggnide
%Iass layers 17, 117, 217, 317. [0049] In another embodiment of the
§

verssHde s livsre bf 1Hd7cRaltogehmarphieshiayiored 7vith 7 dopant such
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preferab1y silver. It should be noted that when a chalcogenide glass layer,
slersHaseriaysh ps Faysrshlifief sipsuiteePovierhasiiver sbkartdenidelaysuctuch as

layer 418 ' : '
B B D e A e
JH680p Devieesy porisad tnsd Hecdrdimgtoitregbislegéments of the

invention, particularly those having a silver-selenide layer (e.g. layer 18)

dispesred betwespiug ehAERIERIAR BRERJAVEIR(rb RS o A

.show improved memory retention and write/erase performance over

BRI IGA AR RO {hes bwdng relgedulraddaaver 4kss- diswia Sladisposed
vetentioRSer mers dhaia. 149Q DML alrara. tepremtwe s dsviges
switch at pulcse widths Ig]sgg than92 ngnt%rsggg%ds éor@parevg 1\@Nﬁiifh dopedemory

TEsesian CBd AYTHICCHREN RIS SIBAIERAIRVET taTaisiont! thetswitchedeesolibese

devices have also shown data retention for more than 1200 hours at room
temperature. The devices switch at pulse widths less than 2 nanoseconds compared
with doped resistance variable memory elements of the prior art that switch at about

100 nanosecond pulses.

[0051] As shown in FIG. 11, in accordance with another embodiment of
the present invention and similar to the first exemplary embodiment, a silver layer 50
is provided above the second chalcogenide glass layer 20. A conductive adhesion
layer 30 is then provided over the silver layer 50 and a top electrode 22 is provided
over the conductive adhesion layer 30. The silver layer 50 may be deposited over
the second glass layer 20 by any suitable means, such as sputtering or plating
techniques, including electroplating or electroless plating. The desired thickness of
the silver layer is about 200 A. Suitable materials for the conductive adhesion layer
include conductive materials capable of providing good adhesion between the silver

layer 50 and the top electrode layer 22. Desirable materials for the conductive
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100 nanosecond pulses. [0051] As shown in FIG. 11, in accordance with
another embodiment of the present invention and similar to the first
exemplary embodiment, a silver layer 50 is provided above the second.

VR aleadeliite glass layer 20. A conductive adhesion layer 3BGE/AaN5/009957
provided over the silver layer 50 and a top electrode 22 is provided over
the conductive adhesion layer 30. The silver layer 50 may be deposited
over the second glass layer 20 by any suitable means, such as sputtering
or plating techniques, including electroplating or electroless plating. The
adbsiied thyck¥@ss di:dhelsilvegtaydr aatrout/206pAlSuitalolé 2riatdudal ofoned
the conductive adhesgion layer_ include conductive materials capable of
oﬁlrcévﬁ%?ncgo 8%%%‘8%%%?8%0‘6!%%%3? the silver layer 50 and die top

electrode layer 22. Desirable materials for the conductive 12 WO

20080281539 P& Tsrb2oosroidosrsuialesidn | 3Per3binetagwlary
Shalcegenide 9iassesnAdeRclertinie 22451060 forned Ov%gé%iommy,

conductive adhesion layer 30. [0052] The chalcogenide dféss layers 17,
vPoest thisnagefmplan” éenbddifienprderisd geiriapinptrise lemidbglasss, Sey to

' S iGhi where from 17 to 43,
D B e ey e (R 3R d M fr
apreferably dbduaGeide Se0avhelv i) gladsribhndopedtitivbdirst fimmd about
angd %B%@Pg@g&%e : %('5% %V%C%Zglz%’éﬁlef@' have a thickness
1

rom about 100 A to about and more preferably about 150 A.
[0053] The metal containing layer 18 can be any suitable metal containing

mafe¥rd. For inskhscacalicapfaipiaglazsntdmng hayas sté shitubetaliventaining

srhalgpoenilelayere sushias siterasienids. ek s, sl axde,

and silver- telluride among others. A desirable metal containing layer is
SiNlereselenitiec suahiensoYpredenids shisbailistd dvioraxitie and silver-
il¥algsalanide smstal CRUBNNAINERL] &qERnile DGR, RIVSICalaRer A

deposition techniques such as evaporative depdsition and sputtering may
vodarsed POwessprotebsaselith fasroltbmidatvagonide positiboymeining layer 18.
For instance, physical vapor deposition techniques such as evaporative deposition
and sputtering may be used. Other processes such as chemical vapor deposition, co-
evaporation or depositing a layer of selenium above a layer of silver to form silver-
selenide can also be used. The metal containing layer 18 can be about 1 to 5 times
greater than the thickness of the first and second chalcogenide glass layers 17, 20

and is preferably about 470 A.

[0054] The top and bottom electrodes, 22, 14 can be any conductive
material, such as tungsten, tantalum, aluminum, platinum, silver, conductive
nitrides, and others. The bottom electrode 14 is preferably tungsten. The top

clectrode 22 is preferably tungsten or tantalum nitride.

[0055] The conductive adhesion layer 30 may be the same chalcogenide
glass material used in the first and second chalcogenide glass layers 17, 20 discussed
above. In this case, the conductive adhesion layer 30 can be formed by sputtering

the chalcogenide glass onto the silver layer 50. Just as silver is incorporated into a
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evaporation or depositing a layer of selenium above a layer of silver to

form silver- selenide can also be used. The metal containing layer 18 can
be about 1 to 5 times greater than the thickness of the first and second
YRIAUBGERIHE glass layers 17, 20 and is preferably about 47BCA/[SBBAP099S7
The top and bottom electrodes, 22, 14 can be any conductive material,
such as tungsten, tantalum, aluminum, platinum, silver, conductive

nitrides, and others. The bottom electrode 14 is preferably tungsten. The
top electrode 22 is preferably tungsten or tantalum nitride. [0055] The
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aformeddsisputiaringhthelchidigogéfide Ytaiss aptorthel silve rtlayémmbghmde
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adlysi aslayesSibectabgye cthelengvy @tamﬁmabé tlop sputieriag@rbedsst glass
a u maII unt of |Iv rfromt ver Ia r50t .
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iekpettnd@@harts to the chalcogenide glass adhesion layer 30, creating a
conductive path from the top electrode to the first glass layer 17. The

ickne f cpudu
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asni/étdavgrcmtmqh thedoprelycodecipgah thresmntpeetidg 32 thetofl during

SGiRSuade BRmatalel Auing. SUOSRANETLET0SaSaINg SIFRY AU S el
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mahidiummagmiumamtﬂdm,aanltmmmldmang othenspmayongtatberenay
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RARESION Between H a ers may i |nsu icient to preve
aelesikod be@?chiyﬂ{efmm hy&easf)paﬂlaib)y $epasafifdcipael |pg:)vamaiy1érélﬁttrodc
2}2 ?a}lﬂgrdfe E)IXlna% Tcélé\éte {)amally separating (peeling) away from the undellymg silver
layer 50 and thus loosing electrical contact with the underlying layers 20, 18,17, 14
of the memory element 100. Poor contact between the top electrode 22 and the
underlying memory element layers 20, 18, 17, 14 can lead to electrical performance

problems and unreliable switching characteristics. Use of a conductive binding layer

30 can substantially eliminate this problem.

[0057] As discussed above, use of metal containing layers 18, such as
silver-selenide, in contact with a chalcogenide glass layer 17 may eliminate the need
to dope the chalcogenide glass layer 17 with a metal during formation of the
memory element 100. In accordance with the last-discussed embodiment, the silver
selenide layer 18 provides a source of silver selenide, which is driven into
chalcogenide glass layer 17 by a conditioning step after formation of the memory
clement 100 (FIG. 11). Specifically, the conditioning step comprises applying a
potential across the memory element structure 100 such that silver selenide from the

silver selenide layer 18 is driven into the first chalcogenide glass layers 17, forming a
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layer 50 and thus loosing electrical contact with the underlying layers 20,

18, 17, 14 of the memory element 100. Poor contact between the top

electrode 22 and the underlying memory element layers 20, 18, 17, 14
WarRIEs S tlectrical performance problems and unreliable BGAERRBS/009957

characteristics. Use of a conductive binding laver 30 can substantially

eliminate this problem. [0057] As discussed above, use of metal

containing layers 18, such as silver-selenide, in contact with a

chalcogenide glass layer 17 may eliminate the need to dope the
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tiedementd stricturetl 0isuchdatdienisgleritalfiromedinerg wetnsatdrﬁdenay be

laver 18 is ﬁljrlven e first chalcogenide ) Iavers 17 fo
SR o e
cohdigoning into or out of that channel causes an overall resistance change
for the memory element 100. The pulse width and amplitude are critical

s of t %%%@Qﬂ%"%&&é%ﬁ'%XXB#PB&S’L%%UYSQ@&& longer

se wi th and er amplitude than a typical potential used t program
g@axmemop,n ealésﬁecm Aftbr tikardmditi 66}@1@0@: geltimedn vy eleradntcl 00y
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annel dtrin conéltlonlng 815%3% en SI ver IS sputtered directly onto
psdb&rm}ethmdg opggldonevéition rotsibrgrcatl théOsillee laferchalcogenide glass

1RSIGL ﬁ%&%@%ﬁf‘aﬁm 18, Interacs may;aceun during deP‘Bg'“O” S‘é‘éﬂt silver
QIﬁleragg Oferation can cause su sequenf rocessing’ pro I6Mhe
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between the silver layer 50 and the silver-selenide layer 18 can prevent

S“Y_@()S% In another exemplary embodiment of the present iﬁvcntion, an
additional silver layer 40 can be deposited between the lower chalcogenide glass
layer 17 and the silver sclenide glass layer 18, as shown in FIG. 12. Thus, a memory
element 200, as illustrated in FIG. 12, comprises a first chalcogenide glass layer 17, a
first silver layer 40, a silver-selenide glass layer 18, a second chalcogenide glass layer
20, a second silver layer 50°, a conductive adhesion layer 30, and a tép clectrode
layer 22. Addition of the first silver layer 40 minimizes the amplitude and pulse
width of the conditioning potential needed prior to write and erase operations.
Layers 17,18, 20, 22, 50°, and 30 can be of the same or similar materijals as in other
embodiments of the invention and can be formed by similar means. Furthermore,
the first chalcogenide glass layer 17 may be a doped chalcogenide glaltsvs. For

example, the first chalcogenide glass layer may be silver-doped silver selenide.

[0060] In accordance with this embodiment of the invention, a
conditioning step allows silver selenide from the silver selenide layer 18 to be

incorporated into the first chalcogenide glass layer 17. Deposition of the silver
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agglomeration on the surface of the silver. selenide layer 18. [0059] In
another exemplary embodiment of the present invention, an additional
silver layer 40 can be deposited between the lower chalcogenide glass
VR34 die silver selenide glass layer 18, as shown in PICI/US200H148957
a memory clement 200, as illustrated in FIG. 12, comprises a first
chalcogenide glass layer 17, a first silver layer 40, a silver-selenide glass
layer 18, a second chalcogenide glass layer 20, a second silver layer 50',

a conductive adhesion layer 30, and a top electrode layer 22. Addition of

seheafistogiiveBlaver 46 mintmizes fiecamplithdsibied ssldsedadiiy dBthebecome
ditigning . tial needed pri WIi ne e > operations.  Layers
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Furthermo he first chalcogenide glass |layer 17 may, be oped .
R Cn NS IR N S 388 B B WS S ot

effecsitelrsgoptdsilyerhseatenitleof008@lrdncascordance with this
embodiment of the invention, a conditioning step allows silver selenide

frq@b@ﬂ silver sglenjfle layer 1&?&046%!1}@%@0%&{%1%%&&%@8&9arison to the

chalcogenide glass layer 17. Deposition of the silver” 1.5
SXOOS/ 1EE Y P OP/LUS 200500998 et ritie dapésilver dvemtheisiiver
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silver-rich silver selenide more €asily incorporatées into 3le |r§f,
sketrteoderidedidys ma«,@pmé;mdgmhghﬁﬁ@mi@m lapreapslibas cowmiitiohing
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and lower amplitude, effectively speeding ugtjhe conditioning process.
[0061] The first silver layer 40 must be relatively thin in comparison to the

seldfifd silver | rBoV RIS th3piBvsremisrscrsdiansither fiohrdihegt of
HRGAROKAEIINR the, loWafiGD @@e&e@&%@@w ngieondiipning, wbich.,

can shorten the life of the memory element. The first silver layer 40 has’a
4fe kg vitckreew of didin®5ig0 gawHeyehéfirstlgass tayeory demison00,
ad B dtrated in FIG. 13, comprises a first chalcogenide glass layer 17, a silver layer
40’, a silver-selenide glass layer 18, a second chalcogenide glass layer 20, and a top
electrode layer 22. In accordance with this embodiment of the invention, a

conditioning step drives silver selenide from the silver selenide layer 18 into the first

chalcogenide glass layer 17, opening a conductive channel.

[0063] As shown in FIG. 14, in accordance with another embodiment of
the present invention and similar to the embodiment shown in FIG. 13, a silver layer
50” is provided above the second glass layer 20. The silver layer 50° may be
deposited over the second glass layer 20 by any suitable means, such as sputtering or
plating techniques, including electroplating or electroless plating. Tﬁe desired
thickness of the silver layer is about 200 A. A top electrode 22 is then formed over
the silver layer 50°. Thus, a memory element 400, as illustrated in FIG. 14,
comprises a first chalcogenide glass layer 17, a silver layer 407, a silver-selenide glass
layer 18, a second chalcogenide glass layer 20, a second silver layer 50°and a top

electrode layer 22. The first chalcogenide glass layer 17, may be a doped
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[0062] As shown in FIG. 13, in accordance with another embodiment of
the present invention. and. similar to the first exemplary embodiment, a
silver layer 40'is provided above a chalcogenide glass layer 17. Thus, a
WieiEryéeent 300, as illustrated in FIG. 13, comprises a fig3tE$ra05/009957
Icogenide glass layer 17, a silver layer 40', a silver-selenide glass layer
18, a second chalcogenide glass layer 20, and a top electrode layer 22.
In accordance with this embodiment of the invention, a conditioning step
drives silver selenide from the silver selenide layer 18 into the first
chhla:hzggﬁdiﬂgl@kasﬁdaymrﬂxfp’leoﬂwﬁrgta:hnin@mﬁ\zle ghanhek {0063 Aslver-
‘AV QCIFL lﬁ in accordance with another embodiment of die present
ion and Similar to the embodiment shown in FIG. 13, a silver layer
50 is provided. above the second. glass layer 20. The silver layer 50' may
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electrode layer 22, The first chalcogenid.e glass layer 17, may be a doped
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example, the first chalcogenide glass layer may be Silver- doped silver
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in accordance with the invention. It must be un owever, that
Privsdispeastigaroo snehnis ategntipatfomyrition ofrathly sookpresisianoeral

% mer ﬂz ts hICh can be fabrlcatedd? a.memaory arra
Py ¥8 c?ﬁ%%ate??a% gr%%ric’/ué ement acchss Gircutts 51(5 éfﬁ/ gressor, of
qﬂ@tmanmb&l Migicedegicaystens, Lk@ﬁ)la/hl"nommmu:dmde&ﬁwmh an

input/output (I/0) device 446 over a bus 452. The memory 448 communicates

with the system over bus 452 typically through a memory controller.

[0066] In the case of a computer system, the processor system may include
peripheral devices such as a floppy disk drive 454 and a compact disc: (CD) ROM
drive 456, which also communicate with CPU 444 over the bus 452. Memory 448
is preferably constructed as an integrated circuit, which includes one or more
resistance variable memory elements 100. If desired, the memory 448 may be

combined with the processor, for example CPU 444, in a single integrated circuit.

[0067] The above description and drawings are only to bc'considcrcd
illustrative of exemplary embodiments which achieve the features and advantages of
the invention. Modification and substitutions to specific 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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memory circuit 448, for example a programmable conductor RAM, which
employs resistance variable memory elements fabricated in accordance
with die invention. A processor system, such as a computer system,
generally comprises a. central, processing unit (CPU) 444, such as a
microprocessor, a. digital signal processor, or other programmable digital
logic devices, which communicates with an input/output (I/O) device 446
over a bus 452. The memory 448 communicates with the system over
bus 452 typically through a memory controller. [0066] In the case of a
computdfisystem, the processor system may include peripheral devices
such as a floppy disk drive 454 and a compact disc (CD) ROM drive 456,
which also communicate with CPU 444 over the bus 452. Memory 448 is
preferably corstitfdténas wirinkdgmesdairalinwhictrinpiidesone or
more resistance variable memory elements 100. If desired, the memory
448 m&yﬁ%t HSRIEHSH with the processor, for example CPU 444, in a
single integrated circuit. [0067] The above description and drawings are
only todEbAdidersaniflasiteth B pexesipier)ermbodmhentaidniont
achieve the features and advantages of the invention. Modification and
Edigions to specific process conditions and. structures can be made
without departing from the spirit and. scope of the invention. Accordingly,
the invBABTANE ARl BRnidhelaetdarss pem g itaa s sheosraigsindass
description cold drawings, but is only limited by the scope of the appended
Ains. 17 LLOYD WISE Claims: 5 1. A resistance variable memory
element comprising; a first electrode; a first chalcogenide glass layer
electrialf lf&’é@’t’&lgéi{fﬁ%tb%mé’&%&é‘}%@é%&ﬁgéﬁ‘é ehidergragge glass

fg}/grrsf)ver said first chalcogenide glass 10 layer;

a metal layer over said second chalcogenide glass layer;

a third chalcogenide glass layer over said metal layer; and

a second electrode electrically coupled to said third chalcogenide glass
layer.

2. The resistance variable memory element of claim 1, wherein said
metal containing layer is a silver-chalcogenide layer.

3. The resistance variable memory element of claim 2, wherein said

metal containing layer is silver-selenide.
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a metal containing layer between said first and second chalcogenide glass
layers; a metal layer over said second chalcogenide glass layer; a third
chalcogenide glass layer over said metal layer; and 15 a second electrode
YRatvatFEbupled to said third chalcogenide glass laver. 2 PTHAIS2005/009957
resistance variable memory element of claim 1, wherein said metal
containing layer is a silver-chalcogenide layer. 3. The resistance variable
memory element of claim 2, wherein said 20 metal containing layer is
silver-selenide. 18 LLOYD WISE WO 2005/101539 PCT/US2005/009957
4. The reéistanide vasisthimamdry element dfolaim @, avberéirvdaigtin said
silver-selenide layer is represented by the formula Age , ,xSc and wherein
siemgésniffoyaboutcpioatiodby. the ThremdsisianceSeanablehmemaryanges
element of claim 1, wherein said metal. containing layer has a thickness
tofraladuatit toes timoes the thickness of the first and second chalcogenid.e
glass layers. 6. The resistance variable memory element of claim 1,
wherein said Hetakstoatainingdaiemham sy tHicknessiOflalno Ut 4H3sAinTsaid
The resistance variable memo y element of claim 1, wherein said metal
eyl dersiuenBlayhelrasisfankecvasbiiie wod ooy wiecaeht aficlains éf the
wherein said silver layer has a thickness of about 200 A. 9. The
fiesistaneeoratiablkopemadeyptlanestof claim 1, wherein said first
_chalcogenide glass layer and said second chalcogenide glass layer each

have a tlickng$s of aeniclR0ifblo rabeid} 8RehAnt of claim 1, wherein said

metal containing layer has a thickness of about 470 A.

7. The resistance variable memory element of claim 1, wherein said
metal layer is silver.

8.  The resistance variable memory element of claim 7, wherein said
silver layer has a thickness of about 200 A,

9. The resistance variable memory element of claim 1, wherein said
first chalcogenide glass layer and said second chalcogenide glass laye1: each have a
thickness of about 100 A to about 1000 A.

10. The resistance variable memory element of claim 1, wherein said
first chalcogenide glass layer and said second chalcogenide glass layer each have a
thickness of about 150 A.

11. The resistance variable memory element of claim 1, wherein said
first chalcogenide glass layer and said second chalcogenide glass layer comprise a

material having a formula Ge,Se,,.,, where x = 17 to 43.
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10. The resistance variable memory element of claim 1, wherein said first

chalcogenide glass layer and said second chalcogenide glass layer each LLOYD WISE

have a thickness of about 150 A. 11. The resistance variable memory
element of claim 1, wherein said first clialcogenide glass layer and said
second chalcogenide glass layer comprise a material having a formula
Ge.Selo0_"where x =17 to 43. 19 LLOYD WISE 12. The resistance
variabléZnemdhg efsistentof olmble Inevhereiriesadth fios t thiml dp gérignglagsirst
layer and said second chalcogenide glass layer comprise germanium
shadqeigienisla sérpraldirey anstoidlisnvretdcbilabgutiGegbSekyel Botthese germanium
resistance variable memory element of claim 1, wherein said third 5

etlatidg atisrelglass myeidsigeehaniinbeatéridseglass having a

stoichiometry of about Ge4oSea0. 14. The resistance variable memory
elemenifof clalff Tevitiereiysairbinimtrepalcitenide tkseldyehhasnesaid third
thickness of about 100 A. 15. The resistance variable memory element of
ehaler senifrpbirsdargiseermaniaseknide slavo basingeaselected from the
group consisting of tungsten, nickel, tantalum, aluminum, platinum, silver,
AR iomeriEnvé ahedde B The resistance variable memory element of

claim 14, wherein said first electrode is tungsten. 17. The resistance
variabl&*membhy Bieitantor i memerereiemestfidaardnyletrend third
is tantalum nitride, 18. A method of forming a resistance variable memory

ghalnesrnidsaiasiag thease fadmestiringatitePelectrode; forming a first

chalcogenideﬂllass I,a%/er electrically coupled to said first 20 electrode;
5. e resistance variable memory element of claim 1, wherein said first

and second electrodes are selected from the group consisting of tungsten, nickel,
tantalum, aluminum, platinum, silver, and conductive nitrides.

16. The resistance variable memory element of claim 14, wherein
said first electrode is tungsten.

17. The resistance variable memory element of claim 14, wherein
said second electrode is tantalum nitride.

18. A method of forming a resistance variable memory element
comprising the steps of:

forming a first electrode;

forming a first chalcogenide glass layer electrically coupled to said first

electrode;

forming a second chalcogenide glass layer over said first chalcogenide
glass layer;

forming a metal containing layer between said first and second

chalcogenide glass layers;
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forming a second chalcogenide glass layer over said first chalcogenide
glass layer; forming a metal containing layer between said first and

second chalcogenide glass layers; 20 LLOYD WISE forming a metal
layer over said second chalcogenide glass layer; forming a third
chalcogenide glass layer over said metal layer; and forming a top
electrode electrically coupled to said third chalcogenide glass layer. 5 19.
The méthodrgf chainial 8 whereinssaicseetal chalasging daygnds Ayer;
silver-chalcogenide layer. 20. The method of claim 19, wherein said metal
contairfirrgriayer ithisihvdradetgnidd e 21askHeymethad ofidairtddawhereia
said metal containing layer has 10 a thickness of about 1 to 5 times the
thickneisgoingen firgt aledtsedortathiaidhyenigdeglassyatdr@2hThegenide
method of claim 19, wherein said metal containing layer has a thickness
6faabdit 470 A. 23. The method of claim 18, wherein said metal laver is
silver. 15 24. The method of claim 22, wherein said silver layer has a
thicknek’ of dBsun2tooA of5larelhetthodedt skitnnl8aivhereimsajddirst is a
chalcogenide glass layer and said second chalcogenide glass layer each
FAVR £ RicrABRE sflaBBUt 100 A to about 1000 A. 20 26, The method of
claim 25, wherein said first chalcogenide glass layer and said second
chalcod@nide Gragaatirst eadpimalie whieknedd ofealowntEoing layer is

silver-selenide.

LLOYD WISE

21. The method of claim 19, wherein said metal containing layer has
a thickness of about 1 to 5 times the thickness of the first and second
chalcogenide glass layers.

22. The method of claim 19, wherein said metal containing layer has

a thickness of about 470 A.

23. The method of claim 18, wherein said metal layer is silver.

24. The method of claim 22, wherein said silver layer has a thickness
of about 200 A.

25. The method of claim 18, wherein said first chalcogenide glass

layer and said second chalcogenide glass layer each have a thickness of about 100
A to about 1000 A.

26. The method of claim 25, wherein said first chalcogenide glass
layer and said second chalcogenide glass layer each have a thickness of about 150
A.

27. The method of claim 18, wherein said first chalcogenide glass
layer and said second chalcogenide glass layer comprise a material having a
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27. The method of claim 18, wherein said first chaicogenide glass layer
and said second chalcogenide glass layer comprise a material having a
21 LLOYD WISE formula Ge,Selou_x, where x = 17 to 43. 28. The
method of claim 27, wherein said first chalcogenide glass layer and said
second chalcogenide glass layer comprise germanium selenide glass
having a stoichiometry of about Ge40Seoo0. 5 29. The resistance variable
tetertient ofletsin 187 fhEtein said third chalcogenide layer is
germanium selenide glass having a stoichiometry of about Ge40Se60.
30. Thé&methdborelkid e8ckimerdinduittihitel ¢ hatt chelhiteiigeghas a
thickness of about 100 A. 10 31. The method of claim 18, further
B s thestad drigasrnids dlasoriitormmeppisearialadros selliaide glass
memory element structure. 32. The method of claim 31, wherein the pulse
Ditrect deighisnetioningPBteatiatranges from about 100 nanoseconds

to about 500 nanoseconds. 15 22
29. The resistance variable memory element of claim 18, wherein said

third chalcogenide layer is germanium selenide glass having a stoichiometry of

about GeySes.

LLOYD WISE

30. The method of claim 18, wherein said third chalcogenide layer has a

thickness of about 100 A.

31. The method of claim 18, further comprising the step of applying a
conditioning potential across the memory element structure.

32.  The method of claim 31, wherein the pulse width of said
conditioning potential ranges from about 100 nanoseconds to about 500

nanoseconds.
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