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[ 0001] Thi s application is a continuation-in-part of U S. Patent Appl i cation
Ser. “@340%7?3? filed August 12, 2004, entitled PCRAM Device

Swi t ching A 252 ¥ er, and is also a continuation-in- pa'?CETfHWOPf/@OZ"@atent
Application Ser. No. 10/893,299, filed July 19, 2004, entitled Resistance
Vari abl e Menory Device and Method of Fabrication. The entirety of each of

t hese applications is hereby incorporated by reference herein. FIELD OF THE

| NVENTI N [ 0002](FARFOY BIEVROE 19T PRISWIPCHING IGLASSILAFRstom access rermory

(RAM devices forned using a resistance variable material. BACKGROUND
[ 0003] Resistance variable nenory el enents, which include Pr ogr anmabl e

Condupboye RandDiis AppHsatidfe (B4 &olﬁtﬁiﬁﬁﬁh@n—ﬁ{-paﬁwﬁ SheyenbagiplicaMesSegat ed for
sw ta | lity as sem -volatile and non-vol atile random access nmenory devi ces.

In i cal PCRAM devi ce, the resistance of a chal cogeni de gl ass backbone
can’ B0, B84 Ated dugrabiie ABerriediERAYA e ice VI vhEinE £S5t ance)

and higher conductivity (i.e., lower resistance) states. An unprogramed
PCRAM les] 64 i21: QIR ol 8oL OB B0 9B Vel OB SHr. K2 16698990, at e

filed July 19, 2004, entitled Resistance Variable Memory Device and Method of
Fabrication. The entirety of each of these applications is hereby incorporated by

reference herein.

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] ~ Resistance variable memory elements, which include Programmable
Conductive Random Access Memory (PCRAM) elements, have been investigated for
suitability as semi-volatile and non-volatile random access memory devices. In a
typical PCRAM device, the resistance of a chalcogenide glass backbone can be
programmed to stable lower conductivity (i.e., higher resistance) and higher
conductivity (i.e., Jower resistance) states. An unprogrammed PCRAM device is

normally in a lower conductivity, higher resistance state.

-1-



[ 0004] A conditioning operation forns a conducting channel of a netal -
chal cogeni de in the PCRAM devi ce, which supports a conductive pathway for

altering (irge conductivity/resistivity state of the device. The conducting
channel MEMEIRE3BE the gl ass backbone.even after the dBGTUS200&04%keq.

After the conditioning operation, a wite operation will programthe PCRAM
device to a higher conductivity state, in which netal ions accumul ate al ong
t he conducting channel (s). The PCRAM device may be read by applying a

voltage Qf a lesser pagnitude than required to programif; th current or
resi 38@948e acr d%§°¥1ﬁl§1%P§?e¥?$\ﬂncme‘g as"é)ﬁ’g’é‘t‘}%&g i giroéﬁn}%aér to define
the logic "one" and "zero" states. The PCRAM may be erased by applying a .

r ever&%lcogehfc@% theMORANE d@bi%é,)whﬂﬁhip\ﬁéris% é&mwﬂvfe?atﬁwaw@r alBHAR

di srupts t'he conductive pathway, but typically |eaves the Conducting
channel intact. In this way, such a device can function as a variable

r esi dhaserdwetigiy/resistivity state efibe dewiree dheanductingsthanase! remging in then def i ne
two respective logic states, i.e., at least a bit of data. [0005] One

chal GAaERAkDONE 86 Gk B Qe TR AL o frang TIRRUOT Dl

prior art, incorporated silver (Ag) by (photo or thermal) doping or
co- degpesatioowill programeke PORAM drERMaehighes coadecideity stateyinwrhichsuch
dopi ng or co-deposition by incorporating a netal-chal cogenide material as a

ot B a2 B Sk o5 e TR PR R
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read by applying a voltage of a lesser magnitude than required to program it; the
current or resistance across the memory device is sensed as higher or lower to define
the logic “one” and “zero” states. The PCRAM may be erased by applying a reverse
voltage (opposite bias) relative to the write voltage, which disrupts the conductive
pathway, but typically leaves the conducting channel intact. In this way, such a device
can function as a variable resistance memory having at least two conductivity states,
which can define two respective logic states, i.e., at least a bit of data.
[0005] One exemplary PCRAM device uses a germanium selenide (i.e., GexSeox)
chalcogeﬁide glass as a backbone. The germanium selenide glass has, in the prior art,
incorporated silver (Ag) by (photo or thermal) doping or co-deposition. Other
exemplary PCRAM devices have done away with such doping or co-deposition by

incorporating a metal-chalcogenide material as a layer of silver selenide (e.g., AgzSe),

silver sulfide (AgS), or tin selenide (SnSe) in combination with a metal layer, proximate



a chal cogeni de gl ass | ayer, which during conditioning of the PCRAM provi des

material to forma conducting channel and a conductive pathway in the gl ass
backbone. [0006] Extensive research has been conducted to determ ne suitable
mat er i afyg 200¢H328130i chi onetries thereof for the gl ass RIKBBA/2R24PCRAM

devi ces. Germanium sel enide having a stoichionety of about Ged4o0Se6o (i.e.,

Ge2Sea), as opposed to Ge23Se77 or (Ge30Seeo, for exanple, has been found to
function well for thi's purpose. A glass backbone of Ge40Se60, with an

cach Bk Bl PR g cPoftisaling f e BEREmdRdhanitraly
condi ti oning, which can thereafter be programed to form a conductive

pat hppsrmIdheondRititlg @ldired gaaiadt@ndsicline patar s adiidglassbadkeoaeni de gl ass
| ayer at the conditioning step. Specifically, the Conditioning step

conprises applying a potentjal (about 0.20 V)  acrogss the nenory el ement
st r U006k of tg?@eﬁélyﬁéés%ﬁi@h hap heermeangducterh fQ dgfermine spialdematefigls
i ncorporated into the chal cogeni de gl ass |ayer, thereby formng a

cond ' : AT ' EEAM ve | Bl heori zed that
AgZS&eﬁli gﬂ&gﬁ}ﬁé&%r@ gg(_lf'saﬁtﬂg @%Fr;ft() % lﬂﬁ%gﬂg% g%gcggggﬁ%gne at %éﬁégs'sg? ferglals'/lll&gﬁ)new Ge- Se
bonds, which allows silver (Ag) mgration inta and out of the conducting
chansad¢énidahianingpa sigpichionrefy of ldgvelr@amSeacf (ientad:5¢%, ap. oppaseiddalGepSerlorer) ions
into or out of the conducting channel during subsequent programm ng and

chantaroedErerfls R b B R sk B N i b AL BB change

across the nmenory device. -3
backbone of GewSeso, with an accompanying metal-chalcogenide (e.g., typically silver
selenide) layer, enables a conducting channel to be formed m the glass backbone during
conditioning, which can thereafter be programmed to form a conductive pathway. The
metal-chalcogenide is incorporated into chalcogel.liide_ glass layer at the conditioning
step. Specifically, the conditioning step comprises applying a potential (about 0.20 V)
across the memory element structure of the device such that metal-chalcogenide
material is incorporated into the chalcogenide glass layer, thereby forming a
conducting channel within the chalcogenide glass layer. It is theorized that AgzSe is
incorporated onto the glass backbone at Ge-Ge sites via new Ge-Se bonds, which allows
silver (Ag) migration into and out of the conducting channel during programming,
Movement of metal (e.g., typically silver) ions into or out of the conducting channel
during subsequent programming and erasing forms or dissolves a conductive pathway

along the conducting channel, which causes a detectible conductivity (or resistance)

change across the memory device.



WD 2006/ 132813 PCT/ US2006/ 020242 [0007] It has been determ ned that
Ged40Se60 works well as the gl ass backbone in a PCRAM devi ce because this

st oi chi 0%5%6{{%?38 for a glass that is rigid and i ncoggﬁ@?(ﬁ@ﬁzgzu

t her nodynam cal |y unst abl e ger mani um ger mani um ( Ge- Ge) presence
of anot her species, such as silver selenide provided from an acconpanyi ng

| ayer, can, in the presence of an applied potential, break the Ge-Ge bonds
and bond wth the previously honopol ar bonded Ge to form conducting

channfgo®z] Thesdt hadBéard el ®iihas tHa kKR uShhSworke MBIl as tid %]I&ls@'ﬁ@ékbbn@ﬁhiaﬁw
when using a germanium sel eni de chal cogeni de glass with respect to the
formati on_of a,  conducting channel and conductive Rat hm@yiiqli [0*)08] Wi | e

ger nariF M Hgrics errere this gjoichigimeayanskes iat a glaspdhat 151dg y desirable

for PCRAM devi ces, other gl asses may be desirable to i nprove sw tching

ot o pes Bkl MRS el iRah S AnaiC- GRIRAN . T8 oo

backbone nmaterial, which may be used in place of Ge405e60 glass in a
r esi qureserece of anotidrespesies, sudheasisilyer selehidapravidedavprvan hccathpanymgeri al s, a
nmet hod of formng nmenmory devices with such materials, and devices
(I;(C):[I]'IS tr@u%% g%bﬁﬁ% %%s%%rc]g of &h ta?ap i Sp%tennt?e{l,hlz())r%gk thé' A2 Q358 ond
with the previously homopolar bonded Ge to form conducting channels. These
characteristics make this “40/60” stoichiometry optimal when using a germanium
selenide chalcogenide glass with respect to the formation of a conducting channel and
conductive pathway.
[0008] While germanium-chalcogenide (e.g., GewSeso) glass layers are highly

desirable for PCRAM devices, other glasses may be desirable to improve switching

properties or thermal limitations of the devices.

SUMMARY

* [0009] The invention provides embodiments of a method of determining suitable
glass backbone material, which may be used in place of GewSeso glass in a resistance
variable memory device, such as a PCRAM, with other materials, a method of forming
memory devices with such materials, and devices constructed in accordance with these

methods.



[ 00101 The chal cogeni de gl ass material may be represented by A=Bi oo-x, where
A 1s a non-chal cogenide material selected from G oups 3-15 of the periodic

t abl e andwB Jo6¢/133813hal cogeni de material from G oup 16. Bﬁfﬁ@ﬁﬂﬂﬁoﬂfz
selecting a glass material includes: (1) selection of a non-chal cogenide

component A from Groups 3-15 that will exhibit honopol ar bonds; (2)
sel ection of a chal cogeni de conponent B from Goup 16 for which conponent A
will have a bonding affinity, relative to the A-A honopol ar bonds; (3)

sel e% i of aqg\teoaggﬂécgggg;#&s ateﬂ‘al%%f‘bg'ﬁgﬁe&nﬂeﬁaé Wi bo. xawh@% ahe

hormp ar on that the gf ass AxBloo- x,
at the sel ect ed stoichionetr will allow a conducting channel

X)
and ds e mwdudtalcagepid hwmtertial Seilem;ted froaBy GreuRHIASaf the periodic tebleaargbBds t i oni ng

vol t age (when a net aI chal cogenl de Iayer and netal ions are proximte the

Srmmod e e R G RRE S, B WGt Br LR rd S one bt no

a GexTeloo-x stoichionmetry and a netal -chal cogeni de | ayer proximate thereto

for dnctades:) (1) sdedtiorl of @n&ﬁ&ﬂafdo?eﬂiﬁérﬂo in@ yneaTt0 Giome Wroups 3s1 Htiavedll about
44 and about 53. Also, the netal-chal cogenide Iayer can be a tin selenide

i .1 R P RoPoFHariss (A RerBPR Of asa FOBERIREOMBYRRnt 1 BoRECuDgh 132613
PCT/ US2006/ 020242 [0012] The above and ot her features and advantages of the
| nverghi Qihivh bdmPBnent A will have a bonding affinity, relative to the A-A homopolar

bonds; (3) selection of a stoichiometry (i.e., x of AxBiwx) that will allow the homopolar

A-A bonds to form; and (4) confirmation that the glass Ameo-x, at the selected

stoichiometry (i.e., x), will allow a conducting channel and a conductive pathway to

form therein upon application of a conditioning voltage (when a metal-chalcogenide

layer and metal ions are proximate the glass).

[0011] An exemplary memory device constructed in accordance with an

embodiment of the invention uses a germanium telluride glass backbone having a

GexTewox stoichiometry and a metal-chalcogenide layer proximate thereto for a memory

cell. In a specific exemplary embodiment, x is between about 44 and about 53. Also,

the metal-chalcogenide layer can be a tin selenide with a stoichiometry of about SnSe.

Other layers may also be associated with this glass backbone and metal-chalcogenide

layer.



better understood fromthe follow ng detail ed description, which is provided
in connection with the acconpanyi ng drawi ngs. BRI EF DESCRI PTI ON OF THE
DRAW NGS . 1-3 show graphs of Raman shift ana er mani um
sel eni de ["‘;(P%‘?sﬂsﬁ,lﬂ\kﬁch may be used in selecting glass baké%ﬁg’o é‘ﬁ als in
accordance with the invention; [0014] FIG 4 shows an exenplary enbodi nent
of a nenory device in accordance with the invention; [0015] FIG 5 shows an
exenpl ary enbodi nent of a nmenory device in accordance with the invention;

e O e

i nvention; [0017] FIG 12 shows a resistance-voltage curve of a first
( condbéttemniradprstondtfeomntiie foHoarng Cetailgd atestripiionyrwhich igrpraviletidnm device in

accordance with the i nvention; 0018] FIG 13 shows an exenpl ary
pr ocessor-based s temincorpora n menory devices in accordance with the
i nvenfoeCtign\w3th M@M@ &) 020242 [0019] FIGs. 14a-14h are

graphs showi ng experi nent al results of thermal testing conducted with
devices fabricated in accordance with exenpl ary enbodi nents of the
i nvention; and

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] FIGs. 1-3 show graphs of Raman shift analysis of germanium selenide
glass, which may be used in selecting glass backbone materials in accordance with the
invention;
[0014] FIG. 4 shows an exemplary embodiment of a memory device in
accordance with the invention;
[0015] FIG. 5 shows an exemplary embodiment of a memory device in
accordance with the invention;
[0016] FIGs. 6-11 show a cross-section of a wafer at various stages during the
fabrication of a device in accordance with an embodiment of the invention;
[0017] FIG. 12 shows a r;esistance-voltage curve of a first (conditioning) write and
second (programming) write for a 0.13 um device in accordance with the invention;
[0018] FIG. 13 shows an exemplary processor-based system incorporating

memory devices in accordance with the invention;



[0020] FIG 15 shows a graph of Raman shift analysis of germaniumtelluride
gl ass. DETAI LED DESCRI PTION [0021] In the follow ng detail ed description,

ref er enggnl to various specific enbodinments of LbeRyRRb2. These
enbodi ne%ﬁ?géﬂgre %scri bed with sufficient detail to enagl e those skilled in
the art to practice the invention. It is to be understood that other

enbodi nents may be enpl oyed, and that various structural, |ogical and

el ectrical changes may be nade wi thout departing fromthe spirit or scope

of tfyaopventi prGs, 168948lard Beapley éﬁdbﬁ%%%txgéiiﬁ{erﬂéﬁ@shﬁs bhehdrendiowdting
description may include any  supporting structure including, but nott limted

to, a sem conductor substrate that has an_exposed substrate surface. A
seni conbiugedwitygevicas tabsiratadiirprccgrdrnostwishl exemplary ergeodiments of the
silicon-on-insulator (SAO), silicon-on-sapphire (SOS), doped and undoped
sem ﬁ‘%g‘%% 0L Sd epi taxial layers of silicon supported by a base

sem conduct br ~foundati on, and other sem conductor structures. \Wen
reference is nade to a sem conductor substrate or wafer in the follow ng
desciiogo] on, pFEV.i Bushgwos gespls bERamaneshifhanelybisef gerivarndenh teiufidlem r egi ons
or junctions in or over the base sem conductor -7 WD 2006/ 132813

PCT/ US2006/ 020242 or foundation. The substrate need not be

seni &§fi%uct or - based, but may be any support structure suitable for
supporting an integrated circuit, including, but not limted to, netals,
al | oys, gl asses, polyners, ceram cs, and any other supportive

DETAILED DESCRIPTION

[0021] In the following detaileci descfiption, reference is made to various specific
embodiments of the invention. These embodiments are described with sufficient detail
to enable those skilled in 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.
[0022] The term “substrate” used in the following description may include any
supporting structure including, but not limited to, a semiconductor substrate that has
an exposed substrate surface. A semiconductor substrate should be understood to
include silicon-on-insulator (SOI), silicon-on-sapphire (SOS), doped and undoped-
semiconductors, epitaxial layers of silicon supported by a ba;e semiconductor
foundation, and other semiconductor structures. When reference is made to a
semiconductor substrate or wafer in the following description, previous process steps

may have been utilized to form regions or junctions in or over the base semiconductor

7.



materials as is known in the art. [00231 The term "chal cogeni de" is intended
to include various alloys, conpounds, and m xtures of chal cogens (el enents

from G oy 4fs@fsihe periodic table, e.g., sulfur (9),p S4bokR0kE)
tellurium (Te), polonium (Po), and oxygen (0)). [00241 E%dil})rbrgntos of the

invention provide a nethod of selecting a glass backbone material for use
in a resistance vari abl e nenory device, such as a PCRAM The backbone
material (i.e., backbone glass |ayer 18 of FIGs. 4 and 5) may be

repr oyt i 0% 5 ibde materi al
sel egltsgjgﬁﬁgP g%lln %u{)@s% %%négﬁ%?ee?éggggiﬁgﬁ?g% %Ew'gﬁéyggf he peri odic

table and B is a chalcogenide material. The gl ass backbone may al so be
r epr spparé strggtura suiteblados suppeingan intygrajgd cac@trisghulingtbutord or nore
additional, optional conponents, which may be present in some glass

nor o pieedly OB et BrfiBhirar oetiEh S8y G AR cake. The

ultimate choice for the material AxBi oo-x depends, in part, on the nmake up
of amasehidls esis kmewalinthalaeogeni de | ayer (e.g., layer 20 of FIGS. 4 and 5)
with which it operationally engages. The conponent A should have an

affipj for t chal ¢ogeni de .coppanent, B, .and preferably for the

chal [9BEL: Ge mibefodn “citesmid?h RanERs o RAR BoEREALeSS of 8 v
2006/ 132813 PCT/ US2006/ 020242 the netal -chal cogeni de | ayer. Since Ge4oSe6o
gl as %orﬁ?éuﬁ_&ﬁirhrﬁi(ﬂﬁktdﬁ@bﬁ&l‘lé/lcé%;@r(éﬂ%&@s floay &re@pd cWrane pbaskRoaBle,

properties in PCRAM devices, a ckbone nmateri al
e.g., sulfur (S), selenium (Se), tellurium (Te), polonium (Po), and oxygen (O)).
[0024] Embodiments of the invention provide a method of selecting a glass
backbone material for use in a resistance variable memory device, such as a PCRAM.
The backbone material (i.e., backbone glass layer 18 of FIGs. 4 and 5) may be
represented by the formula AxBiox, where A is a non-chalcogenide material selected
from Groups 3-15, and preferably 15, 14, and 15, of the periodic table and B is a
chalcogenide material. The glass backbone may also be represented by the formula
(AxB1ox)Cy, where C represents one or more additional, optional components, which
may be present in some glass formulations, but which may be omitted; there‘fore, the
description hereafter will focus on two components (A and B) for simplicity sake. The
ultimate choice for the material AxBuwox depends, in part, on the make up of an adjacent
metal-chalcogenide layer (e.g., layer 20 of FIGs. 4 and 5) with which it operationally

engages. The component A should have an affinity for the chalcogenide component B,

and preferably for the chalcogenide material (which is preferably also component B) of

-8-



represented by the fornula AxBi oo-x shoul d have properties simlar to
Ged40Se60 gl ass, such as honopol ar bond properties and affinity of the

non- chal gapssApsgPponent, e.g., Ge, for the chal cogepiflgsmpgpeapnt in the
nmet al - chal cogeni de | ayer. [0025] Taking these characteristics into

consideration, a primary consideration in selecting conponents A and B and
the stoichionetry for a glass backbone material is that the resulting
materi al contain thernodynam cally unstabl e honopol ar bonds of conponent A,

meanitRg nddidlt cHall® gRATd € [43e.0 SR te e SRR Has HeBR ¥ xperifenthidnebydrvdd t@not her
component A in the glass, as initially formed, only if there is an

insufficient _amunt_ of conponent B to satisfy the coordinatiqn nunber
r equihagagepdighasshnskbaaapropertighie RCRAMdeviess, & hackbengmagiidlonopol ar A- A
bonds. The A-A honopol ar bonds in such a glass material are

o1 a0 T e B S o e e oy "t e

nmet al - chal cogeni de | ayer when the chal cogeni de conponent for the
net alsuchab hogepola bayd propenies todtafiénity o threemen-shpleogenideaomyppriemtt he
honopol ar bonds. This property is dependent on the stoichionetry of the

L M e B NG

conponent B neans in relation to the nmaterial AxBioo-x and its

st oi qbozsIet ry Makidetdet ehaidesidics itetdoasidebeti o teepliglary LoMd2RATMB2813
PCT/ US2006/ 020242 exhi bits the homppol ar bonds or nhot. Raman spectroscopy

can be a useful analytica
selecting componentsy},& ancl B and the stoichiometry for a glass backbone material is

that the resulting material contain thermodynamically unstable homopolar bonds of‘
component A, meaning that the non-chalcogenide component A may form a bond with
another component A in the glass, as initially formed, only if there is an insufficient
amount of component B to satisfy the coordination number requirement for component
A, which allows for the formation homopolar A-A bonds. The A-A homopolar bonds
in such a glass matefial are thermodynamically unstable and will themselves break
when the device is programmed and a conducting channel is formed in the glass
backbone by the metal-chalcogenide layef when the chalcogenide component for the
metal-chalcogenide layer bonds to the component A participating in the homopolar
bonds. This propertﬁr is dependent on the stoichiometry of the material AxBioo in that
excess chalcogenide component B will inhibit the formation of homopolar A-A bonds.
10026} What “excess” chalcogenide component B means in relation to the

material AxBiox and its stoichiometry may be determined by whether the material

-9-



tool for determ ning the presence of honopol ar bonds when selecting a
mat eri al AxBl oo-x for the glass backbone i n PCRAM devi ces. Raman

Spect r osgRPYookg3agsed on the Raman effect, which is th ij/%g%@t? 50942
scattering of p?mtons by nol ecules. A plot of Raman inténsity (counts) vs.

Raman shift (cm1) is a Raman spectrum which is the basis for FIGs. 1-3.
[0027] Referring nowto FIG 1, which is a Raman spectrum for bul k Ge23Se77
glass, it can be observed by the Raman Shift peaks at about 200 cm 1 and at

g R e A e S S e R S

backbone since it |acks the honopolar Ge- Ge (i.e.,. non-chal cogeni de) bonds
desi tadllfer 8eterminingtthagreserae dé hiocmopdapporsisyhan sglectingiaumateriad dixBeo-gl ass.
Conpare FIG 1 to FIG 2, the latter of which is a Raman spectrum for bul k

Ge4d I ich, ift t ab 17 | 5t hat
cor r BRI pagkbeEe it Ro e T DA Rrrn e e BB hesaoes B Rorat:
corresponds to Ge-Se bonds. The preval ence of non-chal cogenide (i.e.,

Ce- GajfetONmREh & theRElastid suatring SIsbIeRObY Mdledllasan! ok of Rangeight in
materials for the glass backboiﬁieg in PCRAI\/Y Thi s charalglt eristic my al so be

seen_in a thin filmof GeaoSeoo using _Raman spectra, as shown in FIG 3.
Si mi intensigyfraunidies. Banraxshiftdped) s Rapapspea@ant syhichiimghe hagivfaral s
AxBl oo-x of varying staichionetries to find spectra showi ng peaks -10 WO
2006@%@%81@ PCT/ US2006/ 020242 denonstrati ng honopol ar bondi ng of the
non- chal'cogeni de, conponent (i.e., A-A) in

[0027] Referring now to FIG. 1, which is a Raman spectrum for bulk GezSer
giass, it can be observed by the Raman Shift peaks at about 200 cm? and at about 260
cm? that the glass incorporates Ge-Se bonds and Se-Se (i.e., chalcogenide) bonds. This
is an undesirable stoichiometry for the glass backbone since it lacks the homopolar Ge-
Ge-(i.e., non-chalcogenide) bonds desirable for switching in a device comprising a
germanium selenide glass. Compare FIG. 1 to FIG. 2, the latter of which is a Raman
spectrum for bulk GewSeso glass, which shows a Raman Shift peak at about 175 cm? that
corresponds to Ge-Ge homopolar bonds and a peak at about 200 cm that cbrresponds
to Ge-Se bonds. The prevalence of non-chalcogenide (i.e., Ge-Ge) homopolar bonds
found in GewSee is a characteristic sought in materials for the glass backbone in
PCRAM. This characteristic may also be seen in a thin film of GewSeso using Raman
spectra, as shown in FIG. 3. Similar comparisons of Raman spectra may be made for

other materials AxBioox of varying stoichiometries to find spectra showing peaks

-10 -



the material, which indicates that it has suitable properties for a gl ass
backbone. [0028] Taking the aforenenti oned desired characteristics into

consi der at i on, e. nethod of detecting a suitable glas y be
per for msgww&fﬂggf%l lowi ng steps: (1) selection of a n%%ﬁ%@@%"éﬁde

component A from Groups 3-15 that will exhibit honopol ar bonds; (2)
sel ection of a chal cogeni de conponent B from Goup 16 for which conponent A
will have a bonding affinity, relative to the A-A honopol ar bonds; (3)

sel ecyy) ich o - f A oRR b & PrIAQW for a
t her rr%%@ﬁgrgn&%a g ;I/I%uh?ék%%igﬂé&%ﬁmé{gs&gr}gh\?mﬂﬁ al %@Jﬁ%‘;‘ﬂg%% %F 9?\- §)g§nds to
form and (4) confirmation that the glass AxBi oo-x, at the selected

st oi cthieaneterial (which, indjcated that itdiasewitabloprdpertiesfortzaglasd bagkboneconduct i ve
pathway to formtherein upon application of a conditioning voltage (when a

o acsi028h0201 EARRg R ettt RBs T Rac iR iy ol ARGy 9o

backbone materials AxBioo-x, at |east four have been found preferable for

use i eI detdcting a suitdieghes backboneimay bd@eaforaidby theefdlldesingepr esent ed
by formula As50Se50, tin selenide, represented by fornmula SnsoSeso,

anti nony sel| eni de, represented by, formula SbxSei oo-x, and r manj.um
t el | ubteRe (1} &3@@%9@@ ngp-ehaiGageRt %erset.Aga‘SO@ﬁéwpﬁ@-ﬁ%af 1«5!1 t he
Raman shift peaks for germaniumtelluride glass are at about 140 counts/cm'

(for gﬁﬁbﬁ%cﬁﬂBﬁéDar PoRdS QY beld& bt 9L Eﬁél@%&m&é ebmpenbat BERIR)Group 16
denonstrating at |east one’ -11 WO 2006/ 132813 PCIT/ US2006/ 020242

for which component A will have a bonding affinity, relative to the A-A homopolar
bonds; (3) seleétion of a stoichiometry (i.e., x of AxBioox) that will provide for a
thermodynamically unstable glass and will allow the homopolar A-A bonds to form;
and (4) confirmation that the glass AxBiowox, at the selected stoichiometry (i.e., x), will
éllow a conducting channel and a conductive pathway to form therein upon application»
of a conditioning voltage (when a metal-chalcogenide, e.g., MyBiwy, and metal ions are
proximate the glass).

[0029] Using the above-discussed methodology for selecting glass backbone
materials A+Bioos, at least four have been found preferable for use in PCRAM devices.
These materials include aisenic: selenide, represented by formula AsseSeso, tin selenide,
represented by formulé SnseSeso, antimony selenide, represented by formula SbxSe1-,
and germanium telluride, represented by formula GexTewox. As shown by FIG. 15, the
Raman shift peaks for germanium telluride glass are at about 140 counts/cm?* (for Ge-

Ge bonds) and about 180 counts/cm-1 (for Te-Te bonds), demonstrating at least one
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favorabl e characteristic of the glass for PCRAM Al though each of these
exenplary materials include seleniumor telluriumfor conponent B, other
chal cogeni des nm used as well. [00301 The inventioq | ai ned
with ref@“bﬁ@@tF%L&he other figures, which illustrate @Q@ﬁ%ﬁ@&@ﬁéﬁbodlnents
and t hroughout which like reference nunbers indicate |like features. FIG 4
shows an exenpl ary enbodi nent of a nenory device 100 constructed in
accordance with the invention. The device 100 shown |n FIG. 4 is supported

by, : faggg&tg%%@ar]a?terf;ﬁ@ &Eggﬁép?&fﬁgﬁl_&m Ahﬁ%lﬁ%]les as an I nt (E‘ell}-Ill nﬂlégtec; 1)?’/

the device 100 shown and for a plurality of other simlar devices of a
por t | matefalairmobude selemivary oo tellutiumhior hemplonent Beothee chaltogenideparay.bd t i s
possi ble to incorporate an optional insulating |ayer (not shown) between

t he subs rate 10 and address line 12, and this may be preferred if the
subst ps sem conduct or - based. The conductive address line 12 can be
any materi aI known in the art as being useful for providing an interconnect
l'ine, [oospch as PR epbioySE nowoBxplainevkith Adflererd@ 1@ théwtherck 6, Wwhith,
tungsten (W, nickel (N), alum num (Al'), platinum (Pt), titanium (Ti), and
ot her ymterial s. [003 Quer the address line 12 is a first electrode 16,
whi chiltsiratrexesplaggembodimeninand suprghegt whjeh like refgrenegyusabers c onmon

bI anket el ectrode | ayer; not shown), which is also over the address |ine

11 o oL BREFORrED FIRN AMRoAVarORANSIRLY EnBRUSHERL of b Bl deRed 100 or At e

cogeni ass, but is prefer t ungst en

constructed in accordance with the invention. The device 100 shown in FIG. 4 is
supported by a substrate 10. Over the substrate 10, though not necessarily directly so,
is a conductive address line 12, which serves as an interconnect for the device 100
shown and for a plurality of other similar devices of a portion of a memory array of
which the shown device 100 is a part. It is possible to incorporate an optional
insulating layer (not shown) between the substrate 10 and address line 12, and this may
be preferred if the substrate 10 is semiconductor-based. The conductive address line 12
can be any material known in the art as being useful for providing an interconnect line,
such as doped polysilicon, silver (Ag), gold (Au), copper (Cu), tungsten (W), nickel
(Ni), aluminum (Al), platinum (Pt), titanium (Ti), and other materials.

[0031] Over the address line 12 is a first electrode 16, which can be defined
within an insulating layer 14 (or may be a common blanket electrode layer; not shown),
which is also over the address line 12. This electrode 16 can be any conductive material

that will not migrate into chalcogenide glass, but is preferably tungsten (W). The
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WO 2006/ 132813 PCT/ US2006/ 020242 insul ating | ayer 14 should not allow the
mgration of nmetal ions and can be an insulating nitride, such as silicon

nitri den(s(g%ogg}i@zslp | ow di el ectric constant materi al, aPCT/i[@z?)'dJs/@io%&g gl azs,

or an i ng polynmer, but is not limted to such materrals. (0032]
menory elenment, i.e., the portion of the nmenory device 100 which stores
information, is forned over the first electrode 16. In the enbodi nent shown
in FIG 4, a chalcogenide glass |layer 18 is provided over the first

ele [ | ; ; ShrobhEhy onetric

for %\Fgﬁﬁygﬁ%&;ﬁl %ﬁﬂhﬂgpﬁgﬁg& n%%agﬁ%%gé%%ir%gs?%gponenf%nd B being a
chal cogeni de conponent as discussed above. The material AxBi 0oo-x may be
manyingalagingaiitride, tskich e silimonoptiide SidWaralove didedttis coastant materispehar bonds,
honopol ar bond strength, thernodynamic instability, etc.) and an

7T oS A8, B R n8 Rl Rk AORUGeRb dytrfhfieflal, Y peen found

to be suitable by follow ng the nethodol ogy di scussed above. Gernmani um

t el 1[0032fe wi t hAanémony eemdéretxile} tie portismesfehe membey deeitedDOwthidd and 53, is
the preferred material for layer 18. More preferably, x is between 46 and

51 and npst preferably, is aboyt 47. This be itten as CGedaTes4d to
Gebi SF@%“‘*%%PFP&W%H %Oém‘%]r?%ﬁé §¥’&Sfpe&?‘€tf<&‘iﬁ %m %cf‘d’fvl\g%ﬂa‘é’&%f? OWIHI t he
chal cogeni de gl ass | ayer 18 because, as shown by the Raman data in FIG 15,

it e tcﬁafcegeﬁae adtAHPEOI Bfs PORsedoPdr BBRsf Gbci2y8816) TRE- - Al SO, when

b
used with a netal-cHal cogenide l‘ayer 20 of tin selenide (SnSe), the tin

selenide allows for the -13
chalcogenide glass layer 18 has the stoichiometric formula AxBiwox, with A being a non-

chalcogenide component and B being a chalcogenide component as discussed above.
| The material ABios may be many materials with the appropriate characteristics (e.g,,
homopolar bonds, homopolar bond strength, thermodynamic instability, etc.) and an
appropriate stoichiometry, as discussed above, but is preferably be selected from
SniseSeso, SbxSevox, AssiSeso, and GexTewox, which have been found to be suitable by
following the methodology discussed above. Germanium telluride with a formula
GexTeinx, where x is between about 44 and 53, is the preferred material for layer 18.
More preferably, x is between 46 and 51 and most preferably, x is about 47. This may
be written as GessTess to GesiTess. Germanium telluride is a particularly good selection
for the chalcogenide glass layer 18 because, as shown by the Raman data in FIG. 15, it

exhibits the Ge-Ge homopolar bonds desirable for such glass. Also, when used with a

metal-chalcogenide layer 20 of tin selenide (SnSe), the tin selenide allows for the

-13-



WO 2006/ 132813 PCT/ US2006/ 020242 formation of a Ge-Se bond and the
devel opnent of a channel for netal (e.g., Ag) ion mgration during

operati mory device. [0033] The |ayer of chat¢ReskAR6 ass 18 is
prefer a%g@gbm%égeabout 100 A and about 1000 A thick, nost preferably

about 300 A thick. Layer 18 need not be a single |ayer of glass, but may
al so be conprised of nultiple sub-layers of chal cogenide glass having the
same or different stoichionmetries. This |ayer of chal cogenide glass 18 is in

el ecrféfn‘}ﬁlor? Qf‘é @é—Sé"bBHdtaBﬁ tHe %Vbﬁﬂpﬁ%nt@f%@lﬁ%@l Af-mbRO AL, Rughion he

chal cogenide glass layer 1Si1s a |layer of netal-chal cogenide 2 whi ch may
be any conbination of netal conponent M which may be sel ected from any
met afRigratien duningoywnation obHpvmemorg dexiitech i s preferably the sane

chal cogenide as in the glass backbone | ayer 18, and may be represented by

ol s my 158 o chioRtnldt g S P e AR AR nAWRen BaTA 0 Aol 1 11

only two conponents M-and B for sinplicity sake. The netal -chal cogeni de may
be, fabou’ek@ﬂﬁ),&&hidd hvest prefleeably ab(RgyBeA thidkeilnyer 4B mebd 20}t bera sipglef er abl y,
tin selenide (Snp./-ySe, where y is between about 10 and 0). The

met al. - chal.c de |l a 0is Ieferabl t . 500 A.thick wever, its

t hi cHAELOf gg%ﬁe W%maﬁ)r/ﬁ%é? CO‘S‘H ‘éolfﬁ?ll:li‘ﬁ Ltbiaﬁeﬁ%()ﬁ?h?é?‘?%m e glasf cogeni de
glass layer 18. The ratio of the thickness of the netal-chal cogeni de | ayer

20 tgyq tHefsanh€ ot Affedrkdt Siichidiabanrge "I'l'ﬁ!@la%*\e@%ﬁ cﬁﬂl@éerﬁ@e $haglid ibg bet ween

about 5:1 and about 1:1, nore preferably out

electrical contact with the underlying electrode 16.

[0034] Over the chalcogenide glass layer 18 is a layer of metal-chalcogenide 20,
which may be any combination of metal component M, which may be selected from
any metals, and chalcogenide component B, which is preferably the same chalcogenide
as in the glass backbone layer 18, and may be represented by the formula MyBioy. As
with the glass backbone layer 18 material, other components may be added, but the
metal-chalcogenide will be discussed as only two components M and B for simplicity
sake. The metal-chalcogenide may be, for example, silver selenide (AgySe, y being
about 20) or, preferably, tin selenide (Sniow.ySe, where y is between about 10 and 0). The
metal;chalcogenide layer 20 is preferably about 500 A thick; however, its thickness
depends, in part, on the thickness of the underlying chalcogenide glass layer 18. The
ratio of the thickness of the metal-chalcogenide layef 20 to that of the underlying
chalcogenide glass layer 18 should be between about 5:1 and about 1:1, more preferably

about 2.5:1.

-14 -



-14 WO 2006/ 132813 PCT/ US2006/ 020242 [00351 Still referring to FIG 4, a
nmetal |ayer 22 is provided over the netal - chal cogenide | ayer 20, with the

met al of referably incorporating sone silver, i t I ng
excl usi ve\k@@%@@ﬁ The netal |ayer 22 should be about %%“/@EWO«?%“QTM
metal |ayer 22 assists the switching operation of the nenory device 100.

Over the nmetal layer 22 is a second electrode 24. The second el ectrode 24
can be nmade of the sane material as the first electrode 16, but is not

requi r[g(gisﬁ o be Bglrl rbferkibe ©EPha %e?%%@qg g\%ﬁggﬂ(’é‘s&) 6611965119%{/’@]6'[ he second

el ectrode 24 is efera tungsten e isolated
by an insulating |layer 26. [00361 FIG 5 shows another exenpl ary enbodi nent
of a whakwogerddelayer 201 withotlet metd ofilayer a2 poefdaaidy incotporatng sometsilver, ifVenor y
device 101 has many simlarities to nenory device 100 of FIG 4 and | ayers

desi d wth lik f f bl i.al
and RAGEOFRE QA A Civebe Lt methiata 220 e Bt S0p A HOFCT bhs ptal” ©
enbodi ment shown in FIG 4. For exanple, the first electrode 16 is

pref elahirp2tadsientae swikhisg apegim siehe hasfiofyulevicd 8 00ROkiel Zhe MeBildayer i S
sel ected according to the frethodol ogy detail ed above and can be gernani um

telluride; it js preferably about 150 A thick, As with device 100 of FIG
4, t h@2iedsecorkkglecigede dé Thayperonshelgejodr24mn bemprdaof Bie sopm waterialput can

be tin selenide; it is preferably about 470 A thick. The metal layer 22
B T e R S
shown in FIG. 4, the second electrode 24 is preferably tungsten (W). The device(s) 100
may be isolated by an insulating layer 26.
[0036] FIG. 5 shows another exemplary embodiment of a memory device 101
constructed in accordance with the invention. Memory device 101 has many
oimjlarities to memory device 100 of FIG. 4 and layers designated with like reference
numbers are preferably the same materials and have the same thicknesses as those
described in relation to the embodiment shown in FIG. 4. For example, the first
electrode 16 is preferably tungsten. The chalcogenide glass layer 18 material AxBioox is
selected accordihg to the methodology detailed above and can be germanium telluride;
it is preferably about 150 A thick, As with device 100 of FIG. 4, the metal-chalcogenide
layer 20 may be any combination MyBuoy, but can be tin selenide; it is preferably about -

470 A thick. The metal layer 22 preferably contains some silver, but can be mostly or

wholly silver; it is preferably about 200 A thick. The primary difference between device
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-15 WO 2006/ 132813 PCT/ 052006/ 020242 100 and device 101 is the addition to
device 101 of additional second and third chal cogenide |ayers 18a and 18b.

[ 00371 The second chal cogeni de glass layer 18a is forned over the netal -

chal cogeMQi06/4328#3 20 and is preferably about 150 A t hi RI/US8¢ 02 second
chal cogeni de gl ass layer 18a is netal |ayer 22. Over the netal layer 22 is a
third chal cogenide glass |ayer 18b, which is preferably about 100 A thick.
The third chal cogenide glass |ayer 18b provi des an adhesion | ayer for

subsequent _ el ectrode _forpmtion. ,As. wi_th [ayer, 18 of FlI .4 ayers 18a and
18b aF mﬁﬁmgﬁﬁmw ?lﬂﬁlt%def"é:ﬁ&b} Oéaégﬁﬁiﬁ%ée%}f}?ﬁ?‘géhlfaf mul tipl e
sub-l ayers. Additionally, the second and third chal cogenide |ayers 18a and
18b %l%@i@éfa FE8a SHpsgp.material fromthe first chal cogeni de gl ass

| ayer 18 fromeach other. dass nmaterial preferred for layers 18a and
18b is germani um sel eni de (GexSei oo-x), nore preferably Ge2Sea, but other
mat erﬁoagZ] may Bae sesondichalcogenide glags layenibasframiedmvesithe metal-

(Ge=Tei 00-x), arsenic selenide (AsxSeioo-x), tin selenide (SnxSeioo-Xx),

ant i | eni 1:00- %) ' fi ‘ .0q-x), and
conb@a%ftf(?ﬁ%ﬁ%% f‘%g% %Qﬁﬁﬁrhggéﬁ ”Fabs!}llg\%gm(‘gg?tﬁgg}fd (gg retgl‘%%(ne%() %g) The second
el ectrode 24 is preferably tungsten (W, but may be other netal s al so.

[ 0038dhAcogenidierglags Fyes 184 dambidl lajRERAM Oeari the snetal kyepl@ana ¢hindt h t he
above-di scussed enbodi nent (FIG 5) were experinentally tested for nenory
O o s 08k 1420 5t 86 Rt leder 835 526 Rof Aol PPt ™ 14

chalcogenide glass layer 18b provides an adhesion layer for subsequent electrode
formation. As with layer 18 of FIG. 4, layers 18a and 18b are not necessarily a single
layer, but may be comprised of multiple sub-layers. Additionally, the second and third
chalcogenide layers 18a and 18b may be a different glass material from the ﬁ;‘st
chalcogenide glass layer 18 or from each other. Glass material preferred for layers 18a
and 18b is ggrmanium selenide (GexSeinx), more preferably Ge:Ses, but other materials
may be useful as well, including germanium telluride (GexTein-x), arsenic selenide
(AsxSen), tin selenide (SnxSen-x), antimony selenide (SbxSeo0-x), , germanium sulfide
(GesSwn), and combinations of germanium (Ge), silver (Ag), and selenium (Se). The
second electrode 24 is preferably tungsten (W), but may be other metals also.

[0038] As shown by FIGs. 14a-14h, PCRAM devices in accordance with the
above-discussed embodiment (FIG. 5) were experimentally tested for memory
operation under varied thermal conditions. Each chart (FIGs. 14a-14h) represents a set

of thermal tests on a respective PCRAM device. Similar to the device shown in FIG. 5,
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of thermal tests on a respective PCRAM device. Simlar to the device shown
in FIG 5, -16 WD 2006/ 132813 PCTI US2006/ 020242 each tested device had a

t ungst en“((y\looylg_zggﬁel ectrode (e.g., layer 16), a 300A gp&imRiddEinzokse | uride

(GexTei 00- X, to 53) layer (e.g., layer 18) thereover, a 900A tin
selenide (SnSe) l|layer (e.g., layer 20) thereover, a 150A germani um sel eni de
(Ge2Ses) layer (e.g., layer 1Sa) thereover, a 500A silver (Ag) |ayer (e.g.,
| ayer 22) thereover, a 100A germani um sel eni de (Ge2Se3) |ayer (e.g., layer

1Sh) ¢dubriesredrdevacichad b ynggsten (Wirsselectnode{esg] fagee 16 aB00A gerenarddin
[ 0039] The testing was conducted by positioning wafers, which supported the

PCRAM devj ce n a tenperature-controll able. chuck an programm ng ten
(10) telupidedGesleromex rgﬁﬁegéi (4785 (o oD A5 tereder: & OPPAICAIENag. 14n The
DC probing procedure was conducted on each device as follows: (1) sweep
pot eng gt r£a ' <,

ot or i ne) el TGipt P PRI ranRr SR BRLLALER sBlerfd (GRS ¢80 1o 10
nv and record the resistance at 10 nV to obtain the wite rezitstance (RM);

(3) shagenlifdhereoiver & 5WA silvey (Ag) layeide-ge dayrar 22) shereower, iaal00 whi ch the
device erased and the current at that erase potential to determ ne the erase

ne. - Ponfifiull 85g,CENe Rt RE TRy RSO ROVEEID s i gen TN o °21

whi ch the device switched (i.e., was witten; the W2); and (5) sweep the
pot engdcahdfelentrddiet @.glOlayet 24)d record the resistance at 10 nV (this is the
Rw2). The charts of FIGs. 14a-14h show these

[0039] The testing was conducted by positioning wafers, which supported the

PCRAM devices, on a temperature-controllable chuck and DC programming ten (10)

devices at the temperatures shown on the charts in FIGs. 14a-14h. The DC probing

procedure was conducted on each device as follows: (1) sweép potential from 0 to 800

mV and read resistance of cell at 10 mV to determine the initial resistance (Ri); (2)

sweep the potential from 0 to 10 mV and record the resistance at 10 mV to obtain the

write resistancg (Rw1); (3) sweep the device from 0 to -1 V and record the potential at

which the device erased and the current at that erase potential to determirle the erase

voltage and erase current; (4) sweep the device from 0 to 800 mV and read the

resistance at 10 mV (this is the Rerase) and record the potential at which the device

switched (i.e., was written; the Vw2); and (5) sweep the potential from 0 to 10 mV and

record the resistance at 10 mV (this is the Rw2). The charts of FIGs. 14a-14h show these

measured parameters (i.e., Vw1, Vw2, Ri, erase current, erase voltage, Rwl, Rw2,

Rerase) for 10 experimental devices constructed in accordance with the invention at the
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nmeasured paraneters (i.e., Wl, W2, R, erase current, erase voltage, RM,
Rw2, Rerase) for 10 experinental devices constructed in accordance with the
i nvent i onwat20b§ 328187 WO 2006/ 132813 PCTI US2006/ 020242  tipesabeAiz6812S hown
along the x-axis of the charts. The results show that germanium tellurium
based PCRAM cel|ls have thernal tolerances suitable for use in nenory

devi ces. [00401 The above-di scussed enbodi nents are exenpl ary enbodi nents of
the invention; however, other exenplary enbodi ments may be used which

conbi panph@tudes showel Alohpatie xhayesf the chactsalteassultd steow abiet gekzhardaet her
exenpl ary enbodi rent may use bl anket |ayers (e.g., layers 16,18, 20, and 22

of FIG_4) of th || body, where the nenory cell is defined

| ocal F%lemrbésﬁl’w i etbbisnal BIesaneed TG (s Use RGOS f at e 10,
Anot her exenpl ary enbodi ment may formthe nenory device within a via.

Addi t ig@bgbs | ayers, such as barrier layers or alloy-controlling |layers, not
specifically disclosed in the enbodi nents shown and di scussed above, may be
added_to the devices in accordance with the invention wthout departing
from {040k cope Thaebewe-disoraad embedimentsare pxemplanyceabedisaents o theonal vi ew
of a wafer during the fabrication of a nenory device 100 as shown by FIG

ot or R ORRRG o eSS B PRPr AR R T bt MRk BATHEWE Y ccea

may al so be used to fabricate nmenory devices of other
first electrode layer 16 and address line layer 12. Another exemplary embodiment may
use blanket layers (e.g., layers; 16, 18, 20, and 22 of FIG. 4) of the memory cell body, |
where thé memory cell is defined loéaﬂy by the position of the second electrode 24 over
the substrate 10. Another exemplary embodiment may form the memory device within
avia. Additional layers, such as barrier layers or alloy-controlling layers, not
specifically disclosed in the embodiments shown and discussed above, may be added
to the devices in accordance with the invention without departing from the scope
thereof.
[0041] FIGs. 6-11 illustrate a cross-sectional view of a wafer during the
fabrication of a memory device 100 as shown by FIG. 1. Although the processing steps
shown in FIGs. 6-11 most specifically refer to memory device 100 of FIG. 1, the methods
and techniques discussed may also be used to fabricate memory devices of other

embodiments (e.g., device 101 of FIG. 5) as would be understood by a person of

ordinary skill in the art.
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enbodi nents (e.g., device 101 of FIG 5) as would be understood by a person
of ordinary skill in the art. -18 WD 2006/ 132813 PCT/ US2006/ 020242 [0042]

As shown byoRbdé/13fs13a substrate 10 is provided. As indi caiqf; he
substrate 10 can be seni conductor-based or anot her nmat er?jal us?@@)lﬁ)?ozgs a

supporting structure as is known in the art. If desired, an optional
I nsul ating | ayer (not shown) naybe forned over the substrate 10; the
optional insulating |layer may be silicon nitride or other insulating

mat er ] used AR ddGubY FIGYE a Sl umed 50 [sBrdvided OA s RdiARA abdvestieat | ng
| ayer, 1f desired), a cohductive address line 12 is formed by depositing a

conductive material, such as doped polysilicon, alumnum platinum silver,
gol d, substeatel10 cautbesesticondistor ng@f enanqher matetiy] webulas aBupPESHGUCt | ve
lines, for instance wth photolithographic techniques, and etching to

def | n?trh@ﬁg@qg rise?lr?]owjflhgﬁ é&lﬂ[% art! € ﬁe&?&ﬂ %tép%ﬁﬂiﬁﬂg%%nng%qugggmﬁ ed by any

t echnr que known such as ’'sputtering, osition,
pl asma enhanced chem cal vapor deposition, evaporation, or plating. [00431
Stil | magf be fornged ovéd the stibstrater10; e apfidored Snduilating 2ayexr rthay ediléooni nsul at i ng
| ayer 14. This layer 14 can be silicon nitride, a |ow dielectric constant

o 1 RGBSR R PR "o 8 e TR Pl o
by any nethod known in the art. An opening 14a in the insulating |layer is
made, jhila@X@ e, if B¥sipe D), alcohfaefiv@hdered8tine 12 is formed by depositing a
conductive material, such as doped polysilicon, aluminum, platinum, silver, gold,
nickel, but preferably tungsten, patterning one or more conductive lines, for instance
with photolithographic techniques, and etching to define the address line 12. The
conductive matérial may be deposited by any technique known in the art, such as
sputtering, chemical vapor deposition, plasma enhanced chemical vapor deposition,
evaporation, or plating.
[0043] Still referring to FIG. 6, over the addres; line 12 is formed an insulating
layer 14. | This layer 14 can be silicon nitride, a low dielectric constant material, or many
other insulators known in the art that do not allow metal (e.g., silver, copper, or other
metal) ion migration, and may be deposited by any method known in the art. An
opening 14a in the insulating layer is made, for example, by photolithographic and
etching techniques, thereby exposing a portion of the underlying address line 12. Over

the insulating layer 14, within the opening 14a, and over the address line 12 is formed a

conductive material, preferably tungsten (W). A chemical mechanical polishing step
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etching techni ques, thereby exposing a portion of the underlying address
line 12. Over the insulating |ayer 14, within the opening 14a, and over the

address |} forned a conductive material, prefer n (W. A
chem cal nmec a%%%a polishing step -19 WO 2006/ 132813 Pd@?&ﬁﬁ%@@@@%@242 may
then be utilized to renove the conductive material fromover the insulating

|l ayer 14, to leave it as a first electrode 16 over the address line 12, and

pl anari ze the wafer. [0044] FIG 7 shows the cross-section of the wafer of
FIG 6 at ue t st ocessin

he. oD oadHE G i T S

chal cogeni de gl ass Iayer 18 is forned to a preferred thickness of about

300A pyap léde it ik atfiret elettrode 18 Bvainthd dikltesd ing12, aa\tﬁf]tzlhﬁari’z'é ¢he ghdécogeni de
gl ass Iayer 18 is GexTei 00-x, where X is between about 44 to 53, but may

al so el ect ed from other materials soSe50, SnsoSeso, and
Sbx Se[(t%‘lfé, andFHz. 7 shaws t%%roa%vém@fﬁ BAVAIET 3@%& éatoarﬁthlaﬁﬁ:ﬁuﬁat Rgal s
AxBi 0o-x with appropriate char act er| sti cs and of an appropriate

stoic or, r [ Ch\i .
Bt fB’&Eéin Agag@ygaﬂa S rhing %f %r?tdeetér:ce 10058 (?.@d?@b?anket

chalcog ni de g ass are: sel ection
non- chal cogeni de conponent A from Groups 15 that will exhibit honopol ar

bonds depoyiteskd earntherwafier.a Acthailecogguideaiglaslayenddis fermedro@ preferredf or  whi ch

component A will have a bonding affinity, relative to the A-A honopol ar

or ovi ckelss W REBl o008 B SR ERERPEY b rufnafloRng HEREE Tt () ™

confirmation that the gl ass
chalcogenide glass layer 18 is GexT'eiox, where x is between about 44 to 53, but may also
be selected from other materials such as AssiSeso, SnsoSeso, and SbxSeio-x, and as
described above, may be selected from many materials AxBio-x with appropriate
characteristics and of an appropriate stoichiometry for memory function.
[0045] The steps in selecting a chalcogenide glass layer 18 material are: (1)
selection of a non-chalcogenide component A from Groups 3-15 that will exhibit
homopolar bonds; (2) selection of a chalcogenide component B from Group 16 for
which component A will have a bonding affinity, relative to the A-A homopolar bonds;
(3) selection of a stoichiometry (i.e., x of AxBiwx) that will provide for
thermodynamically unstabte homopolar A-A bonds; and (4) confirmation that the glass
AsBioo, at the.selected stoichiometry (i.e., x), will allow a conducting channel and a
conductive pathway to form therein upon application of a conditioning voltage when a

metal-chalcogenide layer 20 is proximate the glass layer 18. Once the materials are

selected, deposition of the chalcogenide glass layer 18 may be accomplished by any
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AxBi 0o-x, at the selected stoichionetry (i.e., x), wll allow a conducting
channel and a conductive pathway to formtherein upon application of a
condi ti oniwg 2vsl1Bzs3e when a netal - chal cogeni de | ayer 20picg/uzpéusloddlie t he

gl ass layer 18. Once the nmaterials are selected, deposition of the

chal cogeni de gl ass | ayer 18 may be acconplished by any -20 WO 2006/ 132813
PCT/ US20061020242 sui tabl e net hod, such as evaporative techni ques or

chem cal vapor deposition; however, the preferred technique utilizes either

sput t eiitABleGhehRds Blth 85 e98poldiNetdchplidlids draftRiicalgvasorrddposttiory
nmet al - chal cogeni de | ayer 20, e.g., MyBioo-y, is formed over the
chalcggenide | ass. | ayer %85 The et al - chal cogenide |ayer 20 is preferably

tin selowgves thepseferres %V?fgﬁﬁé’hthﬁ’é?%ﬁ?wpélcptﬁﬂl’ﬂ@r}%-used as the
chal cogeni de gl ass | ayer 18. Physical vapor deposition, chem cal vapor

q i on con . : . Pk
epos'[bbzfjég ugo Sﬁﬂar%g%%fgﬁ’fb%?@%é?ﬂét%a?&rge%ﬁ@é layi‘e?%@,i: %ﬁ.‘?MJHM&%s' n the

art may ed to ayer 20 to a preferred t ess of "about 500
A. Again, the thickness of layer 20 is selected based, in part, on the

t hi ckrfessedoveniter chitdcegenideglasalayer 8. The n¢tabkhalsegeriidetayer 20 is

nmet al - chal cogeni de | ayer 20 to that of the underlying chal cogeni de gl ass

2471 PRl JeRRschSernartitlarty huleh BB Rg TR BiBhTagly =

relation to FIGs. 6-11 may be adapted for the formation of other devices in
accor ddnategthiclel glussiayenl8.ePhysicalnepoadepssitioy, cleeraidal vapobdepdsitionjaesi t ed
form a barrier or alloy-control |layer may be fornmed adjacent to the

Pg: ?r:s;p%%?nlpfﬂ%g)en? Isgtefctle?' E,r or2 8fhe(1)' r%e ; tic?wfers lcsnlo(wj/\?n Ert]ﬁ{eeglft ’mg}; bte r1]1%e<|:1 ?3/ ﬁéﬁoquy be

layer 20 to a preferred thickness of about 500 A. Again, the thickness of layer 20 is
selected based, in part, on the thickness of layer 18 and the ratio of the thickness of the
metal-chalcogenide layer 20 to that of the underlying chalcogenide glass layer 18 is
preferably from about 5:1 to about 1:1, more preferably about 2.5:1. It should be noted
that, as the processing steps outlined in relation to FIGs. 6-11 may be adapted for the
formation of other devices in accordance the invention, e.g., the layers may remain in
blanket-deposited form, a barrier or alloy-control layer may be formed adjacent to the
metal-chalcogenide layer 20, on either side thereof, or the layers may be formed within
avia,

[0047] ‘Still referring to FIG. 7, a metal layer 22 is formed over the metal-
chalcogenide layer 20. The metal layer 22 preferably incorporateé at least some silver

(Ag), if not exclusively being silver (Ag), but may be other metals as well, such as
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a via. [00471 Still referring to FIG 7, a netal layer 22 is forned over the
net al - chal cogeni de | ayer 20. The netal |ayer 22 preferably incorporates at

| east sonfsidoy/eias1d A9), i f not exclusively being sil verpéﬁ? 200002438y be
other nmetals as well, such as -21 WD 2006/ 132813 PCT/ US2006/ 020242 copper

(Cu) or atransition netal, and is forned to a preferred thickness of about
300 A. The netal layer 22 may be depositied by any techni que known in the
art. [0048] Still referring to FIG 7, over the netal |ayer 22, a conductive

mat er éppdrCud O Atkdritid0 neatals a1 f@hed tadpreérredAdRidknetbSalsRBAgA Ve
material may be any material suitable for a conductive electrode, but is

preferably tungsten; however, other materials may be used such as titanium
ni tri dee getahlahar 2amaydee depesited by anytgchriane mavninghe attri G 8, a | ayer of

photoresi st 28 is deposited over the top electrode 24 |ayer, nasked and

pat t efgpag] t o deé\ifiﬁ??%gﬁnnétt@?f@. 7 Yvek e g&ga[%y&%, 8%onaglgtiv¥"9ﬁ§t9ﬁidlsisbm one

of a plurality o nory devices o nory array. An etching step is
used to renmove portions of |ayers 18, 20, 22, and 24, with the insulating

| ayer dégositasfons senord electrode, 24 egaingthds emridiicliveghatenial mast I agy The

photoresist 30 is renoved, |eaving a substantially conplete nenory device
devi B FR B0 flia conghhie B BleClhl PR RSt ROl By
i solation step can be followed by the form ng of connections (not shown) to
ot her neitedals tohyy bé ubéd such agtigdrddnchitdde or (antglum/ fogiexagipleui try, sense
[0049] Now referring to FIG. 8, a layer of photoresist 28 is deposited over the top
electrode 24 layer, masked and patterned to define the stacks for the memory device
100, which is but one of a plurality of like memory devices of a memory array. An
etching step is used to remove portions of layers 18, 20, 22, and 24, with the insulatiﬁg
layer 14 used as an etch stop, leaving stacks as shown in FIG. 9. The photoresist 30 is
removed, leaving a substantially complete memory device 100, as shown by FIG. 9. An
insulating layer 26 may be formed over the device 100 to achieve a structure as shown
by FIGs. 4, 10, and 11. This isolation step can be followed by the forming of connections
(not shown) to other circuitry of the integrated circuit (e.g., logic circuitry, sense
amplifiers, etc.) of which the memory device 100 is a part, as is known in the art.;
[0050] =  Asshownin FIG. 10, a conditioning step is performed by applying a
voltage pulse of about 0.20 V to incorporate material from the metal-chalcogenide layer

20 into the chalcogenide glass layer 18 to form a conducting channel 30 in the

chalcogenide glass layer 18. The conducting channel 30 will support a conductive
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anplifiers, etc.) of which the nmenory device 100 is a part, as is known in
the art, [0050] As shown in FIG 10, a conditioning step is perfornmed by

appl yi ng avovedsiiasiaspul se of about 0.20 V to incorporate ' romt he
nmet al - chal cogeni de | ayer 20 into the chal cogeni de gl assP@;Igs?b(%@zézgpf orm a

conducting channel 30 in the chal cogenide glass |ayer 18. The conducting
channel 30 will support a conductive -22 WD 2006/ 132813 PCTI US2006/ 020242
pat hway 32, as shown in FIG 11, upon application of a programm ng pul se of

about pafhwiy 32, HaTshovPREFRS. 1ANupbn bPPLiERIEH ¥f & ngml&%% pR1oF aboit

enbodi nent s descri bed above refer to the formation of onfy a few possible
resistance variable nmenory device structures (e.g., PCRAM in accordance
wi t h PHE V duengieneratipn of theapemorydavies 109 nerory array. It nust be
understood, however, that the invention contenplates the formation of other

Tenor {oo%&L“Ct Ur §fe e%ﬁéﬁiﬂétﬁ?d@sgﬁfﬂeh Aok E@fe!r @%?H& f&ﬁiaﬁ’é{i{ Sof9s G
fabricated as a nenory array and operated wi th nenory el ement’access
circuits. [00521 FIG 12 shows a resistance-voltage curve of a first wite,
whi ch possiblegsgistadse tvarmbbtomeimoryrdevicesttucgees (agd RCRAMNith aucdtdgnoehi ch
corresponds to a programm ng voltage, for a 0.13 pm device such as device

the curiEsanprRio it iy et s SO ULHEAY ol RaCEe hafeb el S0 &
4 and 5). FIG 12 shows that the first wite is at a slightly higher
pot enhblevefahnat the iB0eAAON tohietnflated.the idyondtich 8f dthee ei@ALLHsHractlet 0. 17
within the spirit of the invention, which can be fabricated as a memory array and
operated with memory element access circuits.
[0052] FIG. 12 shows a fesistance-voltage curve of a first write, which
corresponds to a conditioning voltage, and a second write, which corresponds to a
programming voltage, for a 0.13 um device such as device 100 or 101 shown in FIGs. 4
and 5, respectively. The device represented by the curve of FIG. 12 has an AssSeso
chalcogenide glass layer 18 (See FIGs. 4 and 5). FIG. 12 shows that the first write is at a
slightly higher potential than the second write (i.e., about 0.2 V. compared to about 0.17
V, respectively). This is because the first write conditions the device in accordance with
the processing shown at FIG. 10 by forming a conducting channel 30, which remains
intact after this first write. The second write requires less voltage because the stable
conducting channel 30 is already formed by the conditioning write and the conductive

pathway 32 is formed more easily. Application of these write voltages programs the

device to a non-volatile higher conductivity, lower resistivity, memory state. These
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V, respectively). This is because the first wite conditions the device in
accordance with the processing shown at FIG 10 by form ng a conducting

channel 3Qvowsabgisenains intact after this first witepcTRR268p038 Wite
requires | ess voltage because the stable conducting channel 30 is already
formed by the conditioning wite and the conductive pathway 32 is forned
nore easily. Application of these wite voltages prograns the device to a
non-vol atil e hi gher conductivity, | ower resistivity, nmenory state. These -23

WO 20 I
%%éx%%a §| b %@?%@?&3 utifid ya&hl.%g@ﬁa@gmg 1BpdragRieRIcRedtnl | 1 2i ng

a chal cogeni 18 sel ect accordance wth the invention
show that the tcsted devices work_as well as when- Ge40Se60 is used as the
gl ass asexrdpperwithobsinvendor shew that dettested fdevices eatkcas walliaagvhen AssoSeso
chal cogeni de glass layer (e.g., layer 18) is also simlar to a device

havi nq—;e%%%ﬁge@é %llpé SN voltage curve is not shown in FIG 12;
R .

however e erase I's about -0.06 V, which returns the device to
a non-vol atil e hi gher resi stance | ower conductivity menory state. [00541
FI G 16053] | ust r dheerase petentihl mmmhmﬁgamM@eﬂdﬂdﬁcog’eﬁdﬂig]ﬁﬁ menory
circuit 448, e.g., a PCRAM device, which enpl oys resistance variable nenory

ermhoGH R ey S {5 100 STRIGE (- detiEe By e utheheiaes ol RBRSEYOIGYE: o

generally conprises a central processing unit (CPU) 444 such as a
M Cr ORLPELHBIRI shewdh il KId, 12} BoRlever, deecsarasé potéi’tha@ld?@do&r-g%wn”tﬁlbﬂcﬁ digital

| ogi ¢ devi ces, which communi cates with an i nput / out put
returns the device to a non-volatile higher resistance, lower conductivity memory state.
[0054] FIG. 13 illustrates a typical processor system 400 which includes a
memory circuit 448, e.g., a PCRAM device, which emplcys resistance variable memory
devices (e.g., devices 100 and 101) fabricated in accord;lnce with an embodiment the
ihvention. 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 circuit 448 communicates with the CPU
444 over bus 452 typically through a memory controller.
[0055] 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 circuit 448 is

preferably constructed as an integrated circuit, which includes one or more resistance
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(1/0) device 446 over a bus 452. The nmenory circuit 448 comruni cates with
the CPU 444 over bus 452 typically through a nenory controller. [00551 In
the case ofo 2006@588ys er system the processor system nmay P&ﬁ/luﬁfhﬂﬁ/oﬂ)%z' pher al
devices such as a floppy disk drive 454 and a conpact disc (CD drive
456, which al so comunicate wth CPU 444 over the bus 452. Nbrmry circuit
448 is preferably constructed as an integrated circuit, which includes one
or nore resistance -24 WO 2006/132813 PCT/ US2006/ 020242 vari abl e nenory
devi cesriaklegnemadey deeick§(.g .} fediesil@d]f ddsiredethermeniorg wincuit4B8myy be
conbined with the processor, for exanple CPU 444, in a single integrated

t. 0 h b ¥ d
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and advant ages of the invention. I\/bdi fication and substitutions to specific

proceppsePndi ti TRE aBbe desHfptitreand CREWREJBDRIAOhRPYE corfideidd1g from the
spirit and scope of the invention. Accordingly, the invention is not to be

considered as being limted by the foregoing, description _and draw ngs, but
i s onfliustiativesf exgmplarysemmpedinentsgh éfp?fg\l@@cﬂ‘@l featwges andedyantagss of thec| aj ned

as new and desired to be protected by Letters Patent of the United States

- ARtV Modifi AtBRRL s Mstk AT D MBI 6c8RVdrititiGRIRAA $triBtures

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.
[0057] What is claimed as new and desired to be protected by Letters Patent of

the United States is:
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providing a first electrode and a second el ectrode; providing a

net al - chal cogeni de | ayer between said first and second el ectrodes, wherein
sai d netal -chal cogeni de | ayer conprises tin selenide; and providing a
germaniumtel luri de gl ass between sahﬁ_f@k§t and second electrodes and in
contact with said netal -chal cogeni de 59 r. 2. The method of claiml,
wherein said netal -chal cogenide |ayer is between said chal cogeni de gl ass

| ayer and said second electrode. 3. The method of claim1l, wherein said

net al - chal cogeni de | dy&retbadf faraung g emoge AeviceeComPprising: met hod of clai m

1, wherein said | + 8l ' j.chionetric formul a
GeXTei 00_X, V\hergﬂ(’m@%ﬁg‘tﬁ éﬁ{%&ttc&)&eea%rﬁ)%‘%@'eggﬁagfe r?gfer’ret hod of claim1,
wher ei n sai d ger rgoviding alrhetal-dhalcbggmitie hayerebetiveen satdriitstiandf ssoombda
GexTel oo _x, where x is about 46 to about 51. 6. The nmethod of claiml,
wher ei n sai Bl@elFORAS. wharein said qeetal-ghalcogaridg |ayes eamprieRs fie selvde:a
GexTeloo_x, ghpre x is about 47. 7. The nethod of claim1l, further
conprising providing a netal |ayer between said netal -chal cogeni de | ayer
and sai d second girevidinmle geBmahiuen tallunidd ghdsschetweaen, saidh firstiamdsssodndet al

| ayer conprises
y P eﬁectrodes and in contact with said metal-chalcogenide layer.

2. The method of claim 1, wherein said metal-chalcogenide

layer is between said chalcogenide glass layer and said second electrode.

3. The method of claim 1, wherein said metal-chalcogenide

layer comprises silver selenide.

4, The method of claim 1, wherein said germanium telluride
layer has a stoichiometric formula GeyTe100x, Where x is about 44 to about
53.

5. The method of claim 1, wherein said germanium telluride
layer has a stoichiometric formula Ge,Te100x, Where x is about 46 to about

51.

6. The method of claim 1, wherein said germanium telluride
layer has a stoichiometric formula Ge,Te100x, Where x is about 47.

7. The method of claim 1, further comprising providing a metal

layer between said metal-chalcogenide layer and said second electrode.

8. The method of claim 7, wherein said metal layer comprises

silver.
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silver. -26 9. The nethod of claim?7, further conprising providing a first
chal cogeni de gl ass | ayer between sai d netal -chal cogeni de | ayer and said
netal |ayer. 10. The method of claim9, further conprising providing a

second chal cogenigde OlaRslSS P RIAIREY, SbBlrRbribRY SHrodRfhg d st Second
chalcogenide glass layer between said metal-chalcogenide layer and said

metal layer.

10. The method of claim 9, further comprising providing a
second chalcogenide glass layer between said metal layer and said
second electrode.

-27-





